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a b s t r a c t

This study estimates CO2e emissions from road transport in the UK under the Future Energy Scenarios
from the National Grid ESO through to 2050, including emissions from electricity generation for EVs
and tailpipe emissions. In addition, it estimates emissions under a combination of the UK current elec-
tricity generation mix with the increase in EVs and the reduction in fossil fuel vehicles assumed under
the different scenarios. The main finding is that road transport electrification can save CO2e emissions
through 2050 even assuming no further decarbonisation of the power sector. All the Future Energy
Scenarios with and without decarbonisation of the power sector and with and without bioenergy with
carbon capture and storage see emissions decline. There are, however, important differences in the
extent to which emissions decline and the only scenarios that achieve negative emissions from road
transport are the scenarios that incorporate bioenergy with carbon capture and storage. This provides
an opportunity for the UK government to not just reduce emissions from road transport, but to achieve
net zero in road transport, and indeed, to yield negative emissions and compensate for other sectors
where emissions are not possible to reduce. Some policy recommendations are also provided.

© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Global CO2 concentrations are the highest they have been in at
east the last 2 million years and global surface warming between
970 and 2020 was faster than in any other 50-year period
ver the last 2000 years (Intergovernmental Panel on Climate
hange, IPCC, 2021, SPM-9). These unprecedented changes are
eing driven by human activity (IPCC, 2021, SPM-5) and there will
e significant consequences such as catastrophic sea level rise and
dverse impacts of severe changes in climate if we do not act. On
op of signing the Paris Agreement (United Nations, 2015), the
K has set an overall target of net-zero emissions by 2050, the
orld’s first major economy to do so (Department for Business,
nergy and Industrial Strategy, BEIS, 2020a).
Road transport was responsible for 78.4% of transport CO2

missions globally in 2020 (International Energy Agency, 2021)
nd is therefore a key area to tackle. This means that tradi-
ional petrol and diesel vehicles will need to be phased out and
nstead alternative technologies will need to be adopted. The
an on the sale of new petrol and diesel cars and vans in the
K has been moved forward from an original target of 2040 to
030 (Department for Transport, DfT, 2020; HM Government,
020). Electric vehicles (EVs) are now seen as a crucial path
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352-4847/© 2023 The Authors. Published by Elsevier Ltd. This is an open access art
towards decarbonisation to replace reliance on traditional fossil
fuel powered vehicles, as they do not emit CO2 directly (Gómez
Vilchez et al., 2019; He et al., 2019; Santos and Rembalski, 2021).
However, EVs can only help to reduce CO2 emissions if (most
of) the electricity they are powered with is generated in a clean
manner (Liu and Santos, 2015; Woo et al., 2017; Cox et al., 2020;
Gryparis et al., 2020; Gómez Vilchez and Jochem, 2020; Sobol and
Dyjakon, 2020; Märtz et al., 2021; Logan et al., 2022).

The present study makes two important contributions: first,
it calculates the likely emissions that will be generated by EVs
under different rates of decarbonisation of the electricity gener-
ation mix in the UK, using the Future Energy Scenarios produced
by National Grid ESO (2021a,b,c) and combines these calculated
emissions with the expected decline in tailpipe emissions to find
the cumulative total emissions from road transport; and, second,
it combines the UK current electricity generation mix with the
EV penetration scenarios from the Future Energy Scenarios to
understand the potential for emissions savings from switching to
EVs without any further decarbonisation of the power sector.

Estimating total CO2e emissions from road transport under
different decarbonisation scenarios in the UK through 2050 is
important, especially in light of the UK commitment to net-zero.
Also important is to estimate total CO2e emissions from road
transport in the UK through 2050 assuming the current electricity
generation mix remains unchanged (i.e., higher production but
same share of different sources) but EVs increase and fossil fuel
vehicles decrease in line with the assumptions under the different
icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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cenarios. This is interesting for two reasons. The first reason is
hat it allows an informed assessment of the impacts of an in-
rease in the number of EVs and a decrease in the number of fossil
uel vehicles on UK roads assuming no further decarbonisation
f the power sector, which has already minimised the share of
oal. The second reason is that it allows a comparison of the
otential impacts of road transport electrification in line with the
uture Energy Scenarios, including further decarbonisation of the
ower sector on the one hand, and the potential impacts of road
ransport electrification in line with the Future Energy Scenarios,
ut assuming no further decarbonisation of the power sector, on
he other.

The paper proceeds as follows. Section 2 critically reviews pre-
ious work. Section 3 describes the model and the data. Section 4
resents and discusses the results, and Section 5 concludes and
rovides some policy recommendations.

. Previous work

In 2019, transport was responsible for 27% of all source CO2e1
et domestic emissions in the UK (DfT, 2021). Cars, taxis and
ans accounted for 71% of domestic transport emissions (DfT,
021). Decarbonising road transport in the UK is therefore crucial
or both meeting the Paris Agreement targets and reaching net
ero by 2050. There have been important advances in the power
ector (Diesendorf and Elliston, 2018) and the time is now ripe to
ecarbonise transport.
Replacing vehicles that run on fossil fuels with vehicles that

un on electricity will reduce emissions as long as the electricity
sed to charge vehicle batteries is not generated in fossil fuel
ower stations (Liu and Santos, 2015; Woo et al., 2017; Cox et al.,
020; Gryparis et al., 2020; Gómez Vilchez and Jochem, 2020;
obol and Dyjakon, 2020; Märtz et al., 2021; Logan et al., 2022).
his is not a trivial point. Worryingly, planned large investments
n energy generation globally, which have a large share of coal
ower stations, commit the planet to emissions of around 300
tCO2 (Pfeiffer et al., 2018, p. 1). This level of emissions from
ower stations is not compatible with the Paris Agreement tar-
ets. For example, to have a 50% probability of limiting global
arming to 1.5 ◦C, the remaining carbon budget for the whole
orld from the beginning of 2020 was 500 GtCO2 (IPCC, 2021,
able SPM.2, SPM-38).2
The picture in the UK is not too pessimistic. Coal, in particular,

as drastically decreased its share in the UK electricity generation
ix over the years, as can be seen in Fig. 1.
Further to the progress that has been made in terms of a

leaner energy generation mix, there are promising technologies,
uch as for example, fusion, which could be the ‘‘ultimate clean
ower solution, representing a low carbon, safe, continuous and
ffectively unlimited source of energy’’ (BEIS, 2021a, p. 4). Nuclear
usion energy, however, is decades away from being commer-
ially viable, which means the technology will not be ready to
elp reach net zero by 2050 (Vaughan, 2020; Harrabin, 2022).
Even investment in proven technologies can take time. In April

022, the UK government published the British Energy Security
trategy (HM Government, 2022), with ambitious plans to ramp
p both nuclear generation and wind turbines (offshore and
nshore), as well as low carbon hydrogen. The strategy received
riticism as the commitments are so ambitious, they will require

1 A CO2 equivalent (CO2e) is a unit of measurement that is used to
tandardise the climate effects of various greenhouse gases, on the basis of their
lobal warming potential.
2 This budget is subject to an additional increase or decrease of 220 GtCO2 or

more, depending on variations in reductions in non-CO2 emissions (IPCC, 2021,
Table SPM.2, SPM-38).
5613
‘‘government, business and industry . . . to focus relentlessly on
delivery at a scale and pace as yet unseen’’ (Climate Change Com-
mittee, 2022). In addition, nuclear generation of the magnitude
proposed in the strategy will require substantial ‘‘political and
financial capital’’, and onshore wind will face ‘‘very restrictive
planning rules’’ (Watson, 2022).

Carbon Capture and Storage (CCS) can help substantially on
the road to net-zero. CCS are technologies that collect CO2 at
emission sources or remove it directly or indirectly from the
atmosphere, transport it and bury it (British Geological Survey,
2021; National Grid ESO, 2022). CCS can be combined with Bioen-
ergy (BECCS), which is electricity produced by burning biomass
(National Grid ESO, 2022). BECCS can provide negative emissions
(National Grid ESO, 2022). Despite these promising prospects,
few large-scale CCS facilities are in operation around the world
(Budinis et al., 2018; Global CCS Institute, 2021) because lead-
times are long (Global CCS Institute, 2021) and costs are high in
the short and medium term (Budinis et al., 2018). In addition,
there are issues linked to the long-term security of CO2 storage
and containment, which need to be monitored and verified (Dean
and Tucker, 2017; British Geological Survey, 2021), and other
barriers such as residual emissions from CCS plants (Budinis et al.,
2018). That said, some of the Future Energy Scenarios used in the
present study allow for BECCS, as explained in Section 3.

Against this background, there has been research into EVs
and the carbon intensity of the grid. Liu and Santos (2015), for
example, find that PHEVs capable of driving long(er) distances
using energy from the battery (i.e., on charge depleting mode)
would increase CO2 emissions in China because of the high car-
bon intensity of the grid, which relies on coal. On the same lines,
Woo et al. (2017) find that EVs would increase emissions in South
Africa, Australia, India and China, all of which have over 60% share
of coal in their electricity generation mix. They also find that
EVs would decrease emissions in countries with a higher share
of nuclear and/or renewables. Gómez Vilchez and Jochem (2020)
focus on China, France, Germany, India, Japan and the United
States and also find that the impact of EVs on emissions depends
on the electricity generation mix. Even gas versus coal, both
fossil fuels, entails a 50% difference for China and India in their
study. Sobol and Dyjakon (2020) compare CO2 emissions from
EVs and fossil fuel vehicles in Poland, and find that the emissions
associated with the electricity produced to satisfy the demand
for electricity by EVs can be higher than the direct emissions
from tailpipes because the mix is carbon intensive. Gryparis et al.
(2020) conduct a study for Europe and find that EVs will help
reduce emissions, but this reduction would be faster were it not
for the presence of fossil fuel-based electricity generation.

When decarbonisation of the power sector is taken into ac-
count, the prospects are better, as shown by Cox et al. (2020),
Märtz et al. (2021) and Logan et al. (2022). Cox et al. (2020)
compare different powertrains for Europe under a baseline sce-
nario and a decarbonisation of the power sector scenario, and find
that emission savings from EVs are, unsurprisingly, higher under
decarbonisation. Märtz et al. (2021) combine future energy sce-
narios for China, Europe, Japan, the United States and India, with
two alternative scenarios of EV market penetration, an ambitious
one, and a slower one. They find that under either scenario future
emissions associated to EVs decrease over time thanks to the
decarbonisation of energy generation, although this varies greatly
across countries. Focusing on the UK, Logan et al. (2022) use older
National Grid ESO scenarios and assume different rates of EV
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Fig. 1. Electricity generation mix in the UK 1998–2019.
Source: BEIS (2022).
uptake, and find that under all scenarios, emissions from road
transport would decrease, and of course, that for scenarios with
faster decarbonisation of the power sector and faster penetration
of EVs, the reduction in emissions would be higher.

This paper estimates emissions from EVs under different Fu-
ture Energy Scenarios for the UK and combines these with the
expected decline in tailpipe emissions from fossil fuel vehicles
through to 2050. It then takes a step back and estimates emis-
sions from EVs assuming no further decarbonisation of the power
sector takes place. This exercise helps assess the impacts of an
increase in the number of EVs and a decrease in the number of
fossil fuel vehicles assuming the electricity generation mix does
not change, and also allows a comparison of the potential impacts
with and without further reductions in the carbon intensity of
electricity generation. The model and the data used to do this are
discussed in the section that follows.

3. Model and data

The data used in the present study is data from the Future En-
ergy Scenarios produced by National Grid ESO (2021b) combined
with additional data that was requested from National Grid ESO
and with some official data published by the UK government, as
explained in the sections that follow.

The four scenarios are Leading the Way, Consumer Transfor-
mation, System Transformation, and Steady Progression (National
Grid ESO, 2021a,b,c). Table 1 summarises the main assumptions
under each scenario.
5614
The Future Energy Scenarios outline four pathways that the
UK could follow in the area of energy generation and energy
consumption. These scenarios are not forecasts or predictions;
instead, they represent a range of possible paths that are fea-
sible (National Grid ESO, 2021a). In reality, the UK may end
up following none, or combining some elements of one with
elements of another, or other, scenarios. Not all the scenarios
meet both the Sixth Carbon Budget requirements, which call for a
78% reduction in UK emissions between 1990 and 2035 (Climate
Change Committee, 2020), and the carbon neutrality by 2050
target the UK has committed to BEIS (2020a). Steady Progression
is the least ambitious scenario, and it does not meet the Sixth
Carbon Budget targets or net-zero by 2050 (National Grid ESO,
2021a). Leading the Way, Consumer Transformation and System
Transformation do achieve net-zero by 2050 (National Grid ESO,
2021a). Leading the Way and Consumer Transformation also meet
the Sixth Carbon Budget (National Grid ESO, 2021a).

The main data sets used in this study were the power sector
carbon intensity in the UK through 2050, the demand for electric-
ity by EVs in the UK through 2050, and tailpipe CO2e emissions
from petrol, diesel, hybrid, and plug-in hybrid vehicles in the UK
through 2050.

The power sector carbon intensity was available from Table
SV.27 from National Grid ESO (2021b). The demand for electricity
by EVs was available from Table ED5 from National Grid ESO
(2021b). Tailpipe CO2e emissions from petrol, diesel, hybrid, and
plug-in hybrid vehicles were available from Table NZ.5 from
National Grid ESO (2021b). The data was, however, combined
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Table 1
Main assumptions of the Future Energy Scenarios.
Source: National Grid ESO (2021a,c).
Main assumptions of the Future Energy Scenarios

Leading the Way: There is a high level of investment in decarbonisation technologies and, as a result, there is rapid decarbonisation. All assumptions regarding
decarbonisation are the earliest credible dates. There is a very high carbon tax, which creates clarity for zero carbon technologies by early 2020s. In addition,
there are many energy efficiency improvements, which reduce the demand for energy. Industrial and commercial energy efficiency improves by at least 20% by
2030 because it decarbonises early through electrification. In the residential sector, consumers adopt smaller or more portable appliances, which are more
efficient. These include lighting, wet appliances and white goods. Insulation in homes increases and there is a sharp roll-out of smart homes and grids, which
include the removal of gas for cooking and gas boilers. Oil and liquefied petroleum gas (LPG) heating systems are banned. Hydrogen is eventually used for
heating in both the residential and commercial sectors. Hydrogen is also used in high temperature energy intensive industrial sectors. There is a widespread
national rollout of charging infrastructure and home smart charging devices for EVs. There is a rapid electrification of road transport, which improves energy
efficiency in transport overall, as electric vehicles are far more energy efficient than petrol and diesel vehicles. This rapid electrification is the result of both
consumer pull and policy support. The levels of adoption of Vehicle-to-Grida are high. Heavy good vehicles (HGVs) begin to use hydrogen from the mid-2030s.
No natural gas is used to produce hydrogen, which instead is produced, carbon-free, solely from electrolysisb powered by renewable electricity. Consumers
actively reduce their energy consumption. From the mid-2020s, there is high uptake of public transport and active travel, such as walking and cycling. The ban
on sales of new petrol and diesel cars and vans becomes effective in 2030, and the ban on sales of new plug-in hybrid electric vehicles (PHEVs), in 2032.

Consumer Transformation This scenario uses a high level of electrification for heating and other energy demands, including in the industrial, commercial and
transport sectors. There is a high carbon tax, which creates clarity for zero carbon technologies by mid 2020s. Consumers are concerned and engaged in
decarbonisation. Industrial and commercial energy efficiency improves by at least 20% by 2030, thanks to electrification. In the residential sector, consumers
adopt smaller or more portable appliances, which are more efficient. These include lighting, wet appliances and white goods. There is a national insulation
programme for homes. Improvements in energy efficiency of homes are widespread, assisted by new smart technologies. High electrification leads to low
demand for gas. A sustainable hydrogen economy fails to materialise, but there are medium/low levels of hydrogen produced via electrolysis, used in transport,
industrial and commercial sectors, and some residential and commercial heat. Consumer pull accelerates EV adoption. Consumers are highly engaged in smart
charging and Vehicle-to-Grid, especially from the 2040s. Charging predominately happens at home. There is more consumer demand for both autonomous
vehicles and public transport. Buses are predominantly electric and a larger proportion of HGVs are electric than in other scenarios. The ban on sales of new
petrol and diesel cars and vans becomes effective in 2030, and the ban on sales of new PHEVs, in 2035. The uptake of hydrogen by HGVs begins to increase by
the mid-2030s, and there is a similar increase in electric HGVs.

System Transformation: Consumers experience less disruption than in Consumer Transformation because most of the changes in the energy system take place
on the supply side. There is a very high carbon tax, which creates clarity for zero carbon technologies by early 2020s. This scenario assumes a high use of
hydrogen for heating, and for the industrial, commercial and transport sectors. A self-sustaining hydrogen economy develops at a national scale. Industrial and
commercial energy efficiency improves by 20% by 2030. The price of gas is low to support hydrogen production from natural gas. There is good progress in
electrical efficiency, as new standards for new appliances come into place. In the residential sector, consumers adopt smaller or more portable appliances,
which are more efficient. These include lighting, wet appliances and white goods. There is also an ambitious national insulation programme. Cars are electric or
hybrid but there are more hydrogen cars after 2030. The levels of adoption of Vehicle-to-Grid are medium due to concerns over battery degradation. HGVs
start to decarbonise from the 2030s, and most switch to hydrogen in the 2040s, along with some buses. Increase in public transport patronage is lower than in
Leading the Way and Consumer Transformation because consumers are less willing to switch from private transport. The ban on sales of new petrol and diesel
cars becomes effective in 2032, and the ban on sales of new PHEVs and new petrol and diesel vans, in 2035.

Steady Progression: Decarbonisation happens at a much slower pace compared to the other scenarios. There is a low carbon tax and low fuel prices.
Decarbonisation policy decisions are delayed or not taken at all. The scenario misses the clean growth strategy target to improve business and industry energy
efficiency by 20% by 2030, although heat and industrial processes become more efficient and slowly decarbonise. Consumers buy similar appliances to today.
There is improvement in home insulation but significant reliance on natural gas, which remains very cheap. Energy efficiency programmes remain focused on
addressing fuel poverty. There is very little use of hydrogen. There is low growth in public transport due to a lack of consumer willingness to mode shift.
Natural gas becomes the main fuel for buses and HGVs from the 2020s, as barriers to electric or hydrogen vehicles are not overcome. Consumer resistance and
other barriers means the uptake of electric cars is slower. There is low consumer engagement in smart charging and Vehicle-to-Grid adoption levels are low.
Charging at home is limited by a lack of viable solutions for those without off-street parking. The ban on sales of new petrol and diesel cars becomes effective
in 2035, and the ban on sales of new PHEVs and new petrol and diesel vans, in 2040. By the 2040s some buses are electrified.

aVehicle-to-Grid is a technology that allows energy to be returned from the battery of an electric vehicle to the power grid.
bElectrolysis is the process of using electricity to split water into hydrogen and oxygen.
with emissions from rail. In order to separate CO2e emissions
from road transport and rail transport, National Grid ESO was
contacted, and they provided the breakdown by email. This is
displayed in Table A.1 in the Appendix.

With the data described above, potential total CO2e emissions
rom road transport in the UK were computed through 2050.
hese include tailpipe emissions and emissions from electricity
eneration to satisfy the demand for electricity by EVs.
The potential CO2e emissions from electricity generation to

atisfy the demand from EVs in the UK through 2050 were com-
uted under each of the scenarios. To do this, the carbon intensity
rom electricity production from Table SV.27 from National Grid
SO (2021b) was multiplied by the demand for electricity by EVs
n the UK through 2050 from Table ED5 from National Grid ESO
2021b). SV.27 includes two separate datasets, one without BECCS
nd one with BECCS. Both scenarios are used and presented,
reating two differing projected CO2e emissions from EVs.
National Grid ESO (2021b) has carbon intensity expressed in

O2, not CO2e. CO2e includes other greenhouse gases alongside
5615
CO2 and converts these into an equivalent amount of CO2 based
upon them having the same global-warming potential (Eurostat,
2017). BEIS publishes the conversion factor from CO2 to CO2e ev-
ery year in their ‘‘Greenhouse gas reporting: conversion factors’’
series, with the latest one being the one corresponding to the year
2021 (BEIS, 2021b).

Eq. (1) was used to calculate CO2e emissions from electricity
generation to satisfy the demand for electricity from EVs in the
UK through 2050:

Et = Dt × It (1)

where Et denotes total CO2e emissions from electricity generation
to satisfy the demand for electricity from EVs in year t , with
t = 2020, 2021, . . . , 2050; Dt denotes demand for electricity from
EVs, including PHEVs, in year t; and It denotes CO2e intensity
of electricity generation, in million tonnes of CO2e (MtCO2e) per

kWh, in year t .
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It was estimated using Eq. (2):

t = ICO2t × f (2)

here ICO2t denotes CO2 intensity (as opposed to CO2e inten-
ity) of electricity generation and f denotes a factor, which was
ssumed to be constant. The factor used was 1.01, which was
ounded to 2 decimal places from the computed factor of 1.01033
rom the spreadsheet ‘‘UK electricity’’ from the Greenhouse Gas
eporting Conversion Factors 2021 tables (BEIS, 2021b).
This conversion factor of 1.01 was chosen because the con-

ersion factor is stable over time. For example, in 2017 it was
.00777, in 2018 it was 1.00800, in 2019 it was 1.00797 and in
020 it was 1.00908 (BEIS, 2017, 2018, 2019, 2020b). The main
hange in the generation mix in the UK is that CO2 emissions
re decreasing because there are more renewables and less fossil
uel-based electricity generation. CO2 emissions are going down
nd obviously CO2e emissions are going down too, but the ra-
io between them (CO2e/CO2) is not changing significantly as
emonstrated above. Therefore, for this study, the conversion
actor 1.01 was used for all years, 2020 through to 2050.

Eqs. (1) and (2) were used for all four scenarios, excluding
ECCS and including BECCS.
Potential total CO2e emissions from road transport in the

K were computed through 2050 by adding the tailpipe emis-
ions and the emissions from electricity generation to satisfy the
emand for electricity by EVs excluding BECCS, and including
ECCS. This gave two sets of results for CO2e emissions from road
ransport, one excluding BECCS, and one including BECCS.

Eq. (3) summarises what was done:

Tt = Et + TPt (3)

here RTt denotes total road transport emissions, in CO2e, in year
, with t = 2020, 2021, . . . , 2050; Et denotes total CO2e emissions
rom electricity generation to satisfy the demand for electricity
rom EVs in year t , and TPt denotes total CO2e emissions from
ailpipes of all petrol, diesel, hybrid, and plug-in hybrid vehicles
n year t . Eq. (3) was used for all four scenarios, excluding BECCS
nd including BECCS.
As well as estimating total CO2e emissions from road transport

nder the four scenarios in the UK through 2050, total CO2e
missions from road transport in the UK through 2050 were also
stimated assuming that the increase of EVs and decrease of
ossil fuel vehicles proceed according to the assumptions under
ach scenario but in combination with the current electricity
eneration mix (i.e., higher production but same share of different
ources). To calculate this, the carbon intensity of electricity pro-
uction for 2020 was chosen as the ‘‘current’’ intensity and was
ept constant through to 2050. This would be the case if there
ere no further decarbonisation of the electricity sector in the
K. In other words, Eq. (1) was used, but It was kept constant
ssuming t = 2020.
Eqs. (1) and (2), were adapted, as follows:

t = Dt × I2020 (1a)

here Et and Dt are as before, but I2020 denotes CO2e intensity of
lectricity generation, in million tonnes of CO2 per kWh, in 2020.
I2020 was estimated, using Eq. (2a):

2020 = ICO22020 × f (2a)

here ICO2t denotes CO2 intensity (as opposed to CO2e intensity)
f electricity generation in 2020, and f is the same factor as
efore, i.e., 1.01.
The calculations in this case exclude BECCS, as the CO2 in-

ensity is now assumed to be the 2020 CO2 intensity through to

050, and there is no BECCS in 2020. t

5616
Like before, potential total CO2e emissions from road transport
n the UK were computed through 2050 by adding tailpipe emis-
ions and the emissions from electricity generation to satisfy the
emand for electricity by EVs. In this exercise, however, tailpipe
missions and EV penetration from the Future Energy Scenarios
ere combined with the 2020 electricity generation mix.
The projections computed for the Future Energy Scenarios,

ll of which assume decarbonisation, were then compared with
he projections which combine the Future Energy Scenarios for
V penetration and fossil fuel vehicle phase-out with the 2020
lectricity generation mix.

. Findings and discussion

.1. CO2e emissions from electricity demand from EVs in the UK
hrough 2050

Increasing the number of EVs on UK roads will inevitably
mply an increase in demand for electricity, which will need
o be satisfied. The potential CO2e emissions from electricity
eneration to satisfy the electricity demand from EVs in the UK
hrough 2050 were computed under each scenario, excluding
nd including BECCS, as explained in Section 3. The results are
resented in Tables A.2 and A.3 in the Appendix and in Figs. 2
nd 3.
Fig. 2 shows the CO2e emissions that would result from an

ncrease in electricity production to satisfy the demand from EVs
ssuming no BECCS under any scenario at any point. Needless
o say, without BECCS, there are no negative CO2e emissions.
n all cases emissions increase and then decrease, thanks to the
ecarbonisation of the power sector. The different trends are
haped by the speed of decarbonisation, especially the share of
enewables, shown in Fig. A.1, and nuclear, shown in Fig. A.2,
nd also by the number of EVs on the road under each scenario,
hown in Fig. A.3 in the Appendix.
Fig. 3 shows the CO2e emissions that would result from an

ncrease in electricity production to satisfy the demand from EVs
ssuming that BECCS were taken up in the late 2020s under the
eading the Way, Consumer Transformation and System Trans-
ormation scenarios. The year in which BECCS kicks in and the
peed with which it grows varies across the three scenarios, as
hown in Fig. A.4 in the Appendix. What matters for this analysis,
owever, is that CO2e emissions from this increased electricity
roduction initially grow very slowly and then decrease quickly
nd become negative under all scenarios, except for the Steady
rogression scenario, which has slower decarbonisation and does
ot include BECCS at any point. This is why the trend for the
teady Progression scenario in Fig. 3 is identical to that in Fig. 2.
ECCS is fundamental in making emissions negative, and the
eason why the Leading the Way, Consumer Transformation and
ystem Transformation scenarios see negative CO2e emissions in
pite of increased electricity production to satisfy the demand
rom EVs.

The total cumulative CO2e emissions from electricity produc-
ion to satisfy the demand from EVs under each scenario are
resented in Table 2. As it can be seen on the table, Steady
rogression has higher cumulative emissions than the other sce-
arios, and the scenarios that include BECCS are the only ones
hat achieve negative cumulative emissions.

These projections of CO2e emissions originating in electricity
eneration to satisfy the demand for electricity from EVs can be
ompared with the projections of CO2e emissions from vehicle

ailpipes, as discussed in the section that follows.
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Fig. 2. Emissions from electricity generation for EVs (MtCO2e) excluding BECCS, 2020–2050.
Source: Table A.2, itself produced on the basis of Tables ED5 and SV27 from National Grid
ESO (2021b).
Table 2
Total cumulative emissions from electricity generation for EVs (MtCO2e),
2020–2050.
Source: Tables A.2 and A.3.
Scenario Excluding BECCS Including BECCS

Leading the Way 27.1 −57.4
Consumer Transformation 29.8 −69.6
System Transformation 23.8 −58.6
Steady Progression 40.7 40.7

4.2. Total CO2e emissions from road transport through 2050

As EVs increase their share of vehicles on the road, fossil fuel
ropelled vehicles decrease theirs under all scenarios. The total
O2e emissions from road transport were simply computed by
dding tailpipe emissions from Table A.1 and emissions from
lectricity generation to satisfy the demand for electricity from
Vs through 2050 under all scenarios, excluding BECCS and in-
luding BECCS, from Tables A.2 and A.3, respectively. The results
re presented in Tables A.4 and A.5 in the Appendix and in
ig. 4. The Steady Progression scenario does not incorporate any
otential to include BECCS and hence is shown as just one dashed
ine (excluding BECCS).

Fig. 4 demonstrates, as expected, that when BECCS is included,
ll scenarios, except for Steady Progression, achieve net negative
5617
emissions by 2047, with System Transformation and Leading the
Way doing so in 2046. Although only the three scenarios that
incorporate BECCS reach net-zero for road transport by 2050, all
scenarios see an overall decrease in emissions because reduced
tailpipe emissions far exceed any emissions from electricity gen-
eration to power EVs. The question that emerges then is whether
reduced tailpipe emissions would still exceed emissions from
electricity generation to power EVs if no further decarbonisation
of the power sector were to take place. This is discussed in the
section that follows.

4.3. Total CO2e emissions from road transport through 2050 with
the 2020 electricity generation mix

The total CO2e emissions from road transport through 2050
were estimated assuming that the increase in EVs and decrease
in fossil fuel vehicles proceed according to the assumptions under
each scenario but in combination with the current electricity
generation mix.

As explained in Section 3, to calculate the emissions from elec-
tricity for EVs, the carbon intensity of electricity production was
held constant at the 2020 value through to 2050. This obviously
excludes BECCS, as there is no BECCS in 2020. The results are
presented in Table A.6 in the Appendix.
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Fig. 3. Emissions from electricity generation for EVs (MtCO2e) including BECCS, 2020–2050.
Source: Table A.3, itself produced on the basis of Tables ED5 and SV27 from National Grid
ESO (2021b).
Potential total CO2e emissions from road transport were then
omputed through 2050 by adding the tailpipe emissions from
able A.1 and the emissions from electricity generation to satisfy
he demand for electricity by EVs from Table A.6. The results are
resented in Table A.7 in the Appendix. A comparison of all the
esults is presented in Fig. 5.

Fig. 5 shows that EVs save emissions even assuming no further
ecarbonisation of the power sector. Increasing the number of
Vs on the road in the UK will increase the demand for electricity
nd therefore emissions. However, the savings in tailpipe emis-
ions exceed any increase in emissions from electricity generation
or EVs under all scenarios and also under the assumption that the
ower sector is not decarbonised any further.

.4. Net zero road transport and the power sector

The results presented in Sections 4.1 to 4.3 are in line with the
esults obtained for other countries and regions of the world, such
s those from Liu and Santos (2015), Woo et al. (2017), Cox et al.
2020), Gryparis et al. (2020), Gómez Vilchez and Jochem (2020)
nd Märtz et al. (2021). They are also in line with the results from
ogan et al. (2022) for the UK.
The analysis presented also shows that road transport electri-

ication in the UK can generate substantial emission savings even
ith the current electricity generation mix. Emissions decline in
ll cases, but there are important differences in magnitude, as
5618
Table 3
Total cumulative emissions from road transporta (MtCO2e), 2020–2050.
Source: Tables A.4, A.5, and A.7.
MtCO2e Scenario

1269.0 Leading the Way with Decarbonisation (including BECCS)
1309.2 Consumer Transformation with Decarbonisation (including BECCS)
1353.5 Leading the Way with Decarbonisation (excluding BECCS)
1408.6 Consumer Transformation with Decarbonisation (excluding BECCS)
1451.7 System Transformation with Decarbonisation (including BECCS)
1534.1 System Transformation with Decarbonisation (excluding BECCS)
1630.4 Leading the Way - 2020 Electricity Generation Mix
1687.4 Consumer Transformation - 2020 Electricity Generation Mix
1692.1 Steady Progression with Decarbonisation - always excludes BECCS
1766.8 System Transformation - 2020 Electricity Generation Mix
1874.4 Steady Progression - 2020 Electricity Generation Mix

aEmissions from road transport include tailpipe emissions and emissions from
electricity generation to satisfy the electricity demand from EVs.

can be seen in Table 3. The total cumulative emissions from road
transport under all the scenarios considered vary from 1269 to
1874 MtCO2e for the period 2020–2050. The Leading the Way
(including BECCS) scenario yields the lowest emissions and the
Steady Progression scenario combined with the 2020 electricity
generation mix scenario yields the highest emissions.

The UK has committed to overall net zero emissions by 2050
(BEIS, 2020a). Only the three scenarios that incorporate BECCS
reach net zero for road transport by 2050, which shows that (a)
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Fig. 4. Emissions from road transporta (MtCO2e), 2020–2050.
Emissions from road transport include tailpipe emissions and emissions from electricity generation to satisfy the electricity demand from EVs.
ource: Tables A.4 and A.5.
t is possible to achieve net zero by 2050 in road transport, (b)
ECCS is essential, and (c) road transport can make up for other
ectors where emissions are not possible to reduce. The policy
ecommendations that emerge from these findings are discussed
n Section 5.

. Conclusion and policy recommendations

This paper has estimated CO2e emissions from electricity gen-
ration for EVs in the UK under the Future Energy Scenarios from
he National Grid ESO through to 2050. These emissions were
hen combined with the expected decline in tailpipe emissions,
lso under the Future Energy Scenarios, to find the cumulative
otal emissions from road transport. In addition, CO2e emissions
rom road transport were estimated assuming the current elec-
ricity generation mix stays constant through to 2050, but the
umber of EVs increases and the number of fossil fuel vehicles
ecreases in line with the different scenarios’ assumptions. This
as done to understand the potential for emissions savings from
oad transport electrification without any further decarbonisation
f the power sector.
The main finding is that road transport electrification can save

O2e emissions through 2050 even under the 2020 electricity
eneration mix. All the Future Energy Scenarios with and without
ecarbonisation of the power sector and with and without BECCS
ee emissions decline. There are, however, important differences
n the extent to which emissions decline and the only scenar-
os that achieve negative emissions from road transport are the
5619
scenarios that incorporate BECCS. This provides an opportunity
for the UK government to not just reduce emissions from road
transport, but to achieve net zero in road transport, and indeed, to
yield negative emissions and compensate for other sectors where
emissions are not possible to reduce.

Not achieving negative emissions in road transport by the
late 2040s would be a missed opportunity given that this is
indeed feasible, provided BECCS is adopted widely. The main
policy recommendation is therefore that the government ensures
that BECCS is financially viable on a mass scale. The second
policy recommendation is that the ban on the sale of new petrol
and diesel cars and vans currently planned for 2030 does in-
deed go ahead, and that new PHEVs are banned from 2032,
as contemplated under the Leading the Way scenario, which
yields the highest emissions savings. The third policy recom-
mendation is that government support is provided so that HGVs
can begin to use hydrogen from the mid-2030s, and hydrogen
is produced from electrolysis powered by renewable electricity,
again in line with the Leading the Way scenario. Other obvious
essential interventions, also in line with the Leading the Way
scenario, include the support of charging infrastructure and home
smart charging devices for EVs, the investment in public transport
and active travel (walking and cycling) infrastructure and the
discouragement of car use, potentially via financial incentives.

These recommendations should not be read to imply that the
Leading the Way scenario needs to be targeted and implemented,
but rather, that steps taken on those lines should deliver substan-
tial decarbonisation of road transport, yielding negative emissions
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Fig. 5. Comparison of emissions from road transporta (MtCO2e) under the Future Energy Scenarios and under the Future Energy Scenarios for tailpipes and EVs
combined with the 2020 electricity generation mix, 2020–2050.
aEmissions from road transport include tailpipe emissions and emissions from electricity generation to satisfy the electricity demand from EVs.
Source: Tables A.4, A.5 and A.7.
by the late 2040s. The Future Energy Scenarios are theoretical
constructs that are more likely to materialise in some hybrid form
rather than in their pure form. The key points to take away are
that BECCS has an essential role to play, and that sooner is better
than later in terms of electrification of road transport because it
delivers higher savings faster.

One shortcoming of the present study is that it does not
include CO2e emissions from EV manufacturing and disposal, or
from battery manufacturing and disposal. Including these would
allow for the whole lifecycle emissions from EVs to be estimated.
Hall and Lutsey (2018) and Cox et al. (2020) compare lifecycle
emissions of EVs and conventional tailpipe vehicles in Europe,
and Gómez Vilchez and Jochem (2020) do the same for China,
France, Germany, India, Japan and the United States. These ideas
could be extended to consider the effect of the Future Energy Sce-
narios from National Grid ESO (2022a) on EV lifecycle emissions,
with a focus on the UK.

The effect of the recent policy changes such as the highlighted
new British Energy Security Strategy (HM Government, 2022)
due to the crisis in Ukraine will also need to be assessed on
these future projections once the situation stabilises. Decarbon-
isation may now happen at a faster rate than it would have
before, as there is some urgency to reduce the UK’s dependence
on oil and gas imports. Consumers may also be more inclined
to move towards EVs, in response to higher petrol and diesel
costs. An external shock like the Russian invasion to Ukraine can
accelerate behavioural and policy change. On the one hand, it is
causing instability, inflation, weaker economic growth, falling real
incomes and an increase in poverty across the UK, Europe and
further afield, but on the other, it is strengthening political and
public determination from governments, the private sector, and

consumers to cut or at least reduce dependence on fossil fuels.

5620
This new determination can be used to maximum advantage in
the fight against climate change, and in particular, in the efforts
to achieve negative emissions in road transport.
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Fig. A.1. Share of renewables in domestic electricity generation.
Source: Table SV.25 from National Grid ESO (2021b).

Fig. A.2. Share of nuclear in domestic electricity generation.
Source: Table SV.25 from National Grid ESO (2021b).
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Fig. A.3. Total number of EVs on the road (millions), including cars, vans and HGVs.
Source: Tables CV.35, CV36 and CV.37 from National Grid ESO (2021b).

Fig. A.4. Share of BECCS in domestic electricity generation.
Source: Table SV.25 from National Grid ESO (2021b).

5622



G. Santos and O. Smith Energy Reports 9 (2023) 5612–5627
Table A.1
Future Energy Scenarios segregated rail and road tailpipe emissions.
Source: Data provided via e-mail by National Grid ESO.
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Table A.2
Emissions from electricity generation for EVs (MtCO2e) excluding BECCS.
Source: Tables ED5 and SV.27 from National Grid ESO (2021b).

2020 2021 2022 2023 2024 2025 2026 2027 2028

Leading the Way 0.2 0.2 0.3 0.4 0.4 0.5 0.5 0.6 0.7
Consumer Transformation 0.2 0.3 0.3 0.5 0.6 0.7 0.8 1.0 1.1
System Transformation 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6
Steady Progression 0.2 0.2 0.2 0.3 0.3 0.4 0.6 0.8 0.7

2029 2030 2031 2032 2033 2034 2035 2036 2037

Leading the Way 0.8 1.1 1.3 1.4 1.3 1.4 1.4 1.3 1.3
Consumer Transformation 1.2 1.2 1.5 1.7 1.7 1.7 1.6 1.5 1.4
System Transformation 0.7 0.7 0.9 1.1 1.2 1.2 1.2 1.1 1.2
Steady Progression 0.6 0.6 0.8 1.0 1.3 1.5 1.5 1.6 1.7

2038 2039 2040 2041 2042 2043 2044 2045 2046

Leading the Way 1.2 1.2 1.2 1.1 1.1 1.0 0.9 0.8 0.8
Consumer Transformation 1.5 1.4 1.3 1.2 1.1 0.9 0.7 0.6 0.5
System Transformation 1.2 1.2 1.2 1.2 1.2 1.0 0.9 0.7 0.7
Steady Progression 2.0 2.1 2.0 2.2 2.5 2.2 2.2 2.0 1.9

2047 2048 2049 2050 Cumulative total

Leading the Way 0.8 0.8 0.7 0.6 27.1
Consumer Transformation 0.5 0.5 0.4 0.4 29.8
System Transformation 0.6 0.6 0.5 0.5 23.8
Steady Progression 2.0 1.9 1.7 1.5 40.7
Table A.3
Emissions from electricity generation for EVs (MtCO2e) including BECCS.
Source: Tables ED5 and SV.27 from National Grid ESO (2021b).

2020 2021 2022 2023 2024 2025 2026 2027 2028

Leading the Way 0.2 0.2 0.3 0.4 0.4 0.5 0.5 0.5 0.4
Consumer Transformation 0.2 0.3 0.3 0.5 0.6 0.7 0.8 1.0 0.8
System Transformation 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6
Steady Progressiona 0.2 0.2 0.2 0.3 0.3 0.4 0.6 0.8 0.7

2029 2030 2031 2032 2033 2034 2035 2036 2037

Leading the Way 0.4 0.2 0.1 0.0 −1.3 −1.4 −1.6 −1.7 −1.7
Consumer Transformation 1.0 0.8 0.3 −0.2 −1.0 −1.5 −2.3 −2.7 −3.2
System Transformation 0.5 0.4 0.5 0.6 0.2 −0.5 −0.9 −1.4 −2.5
Steady Progressiona 0.6 0.6 0.8 1.0 1.3 1.5 1.5 1.6 1.7

2038 2039 2040 2041 2042 2043 2044 2045 2046

Leading the Way −3.7 −4.2 −4.1 −4.1 −4.1 −4.2 −4.2 −4.3 −4.2
Consumer Transformation −3.7 −4.4 −4.3 −4.9 −4.8 −5.0 −5.2 −5.1 −5.9
System Transformation −3.1 −3.9 −3.9 −3.7 −3.9 −4.8 −4.8 −4.6 −5.0
Steady Progressiona 2.0 2.1 2.0 2.2 2.5 2.2 2.2 2.0 1.9

2047 2048 2049 2050 Cumulative total

Leading the Way −4.2 −4.1 −4.2 −4.1 −57.4
Consumer Transformation −5.6 −5.7 −5.5 −5.6 −69.6
System Transformation −5.4 −5.4 −5.1 −5.2 −58.6
Steady Progressiona 2.0 1.9 1.7 1.5 40.7

aSteady Progression is the only scenario where BECCS is never included.
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Table A.4
Total CO2e emissions from road transport (including tailpipe emissions and emissions from electricity generation for EVs) (MtCO2e) excluding BECCS.
Source: Tables A.1 and A.2.

2020 2021 2022 2023 2024 2025 2026 2027 2028

Leading the Way 113.1 108.7 105.5 101.5 96.6 90.5 85.4 81.0 74.8
Consumer Transformation 113.1 108.5 105.2 101.3 96.5 90.3 85.3 81.2 75.4
System Transformation 113.1 108.9 106.0 102.5 98.3 92.9 89.0 85.9 81.5
Steady Progression 113.1 108.3 105.1 101.4 97.0 91.5 87.6 84.7 80.3

2029 2030 2031 2032 2033 2034 2035 2036 2037

Leading the Way 67.5 60.0 54.1 47.7 41.1 35.1 29.8 25.5 22.2
Consumer Transformation 66.6 62.0 57.0 51.6 46.0 40.4 34.9 30.0 25.8
System Transformation 74.0 70.9 67.4 63.2 58.5 53.2 47.3 41.2 35.3
Steady Progression 75.3 70.5 68.0 65.1 62.0 58.7 54.8 50.6 46.0

2038 2039 2040 2041 2042 2043 2044 2045 2046

Leading the Way 19.3 17.0 15.4 13.8 12.2 10.4 8.5 6.6 4.7
Consumer Transformation 22.4 19.5 17.0 15.2 13.6 11.9 10.4 8.8 7.1
System Transformation 29.8 25.1 20.9 17.2 13.8 11.3 9.4 7.1 5.0
Steady Progression 41.5 36.9 32.1 27.9 24.2 20.5 17.5 14.9 13.5

2047 2048 2049 2050 Cumulative total

Leading the Way 2.9 1.3 0.7 0.6 1353.5
Consumer Transformation 5.3 3.7 2.1 0.4 1408.6
System Transformation 3.0 1.3 0.5 0.5 1534.1
Steady Progression 12.4 11.2 10.2 9.2 1692.1
Table A.5
Total CO2e emissions from road transport (including tailpipe emissions and emissions from electricity generation for EVs) (MtCO2e)
including BECCS.
Source: Tables A.1 and A.3.

2020 2021 2022 2023 2024 2025 2026 2027 2028

Leading the Way 113.1 108.7 105.5 101.5 96.6 90.5 85.4 80.8 74.5
Consumer Transformation 113.1 108.5 105.2 101.3 96.5 90.3 85.3 81.2 75.2
System Transformation 113.1 108.9 106.0 102.5 98.3 92.9 89.0 85.9 81.5
Steady Progressiona 113.1 108.3 105.1 101.4 97.0 91.5 87.6 84.7 80.3

2029 2030 2031 2032 2033 2034 2035 2036 2037

Leading the Way 67.0 59.1 53.0 46.3 38.6 32.4 26.9 22.5 19.1
Consumer Transformation 66.3 61.5 55.8 49.7 43.2 37.2 31.0 25.9 21.2
System Transformation 73.9 70.6 67.1 62.8 57.5 51.5 45.3 38.7 31.7
Steady Progressiona 75.3 70.5 68.0 65.1 62.0 58.7 54.8 50.6 46.0

2038 2039 2040 2041 2042 2043 2044 2045 2046

Leading the Way 14.5 11.6 10.1 8.5 7.0 5.2 3.5 1.5 −0.3
Consumer Transformation 17.2 13.7 11.4 9.0 7.7 6.1 4.5 3.0 0.6
System Transformation 25.6 20.0 15.8 12.2 8.7 5.6 3.6 1.8 −0.7
Steady Progressiona 41.5 36.9 32.1 27.9 24.2 20.5 17.5 14.9 13.5

2047 2048 2049 2050 Cumulative total

Leading the Way −2.0 −3.6 −4.2 −4.1 1269.0
Consumer Transformation −0.8 −2.4 −3.9 −5.6 1309.2
System Transformation −3.0 −4.6 −5.1 −5.2 1451.7
Steady Progressiona 12.4 11.2 10.2 9.2 1692.1

aSteady Progression is the only scenario where BECCS is never included.
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Table A.6
Emissions from electricity generation for increased EVs (MtCO2e) under the Future Energy Scenarios combined with the 2020 electricity generation mixa .
ource: Tables ED5 and SV.27 from National Grid ESO (2021b).

2020 2021 2022 2023 2024 2025 2026 2027 2028

Leading the Way - 2020 Electricity Mix 0.2 0.3 0.5 0.8 1.1 1.5 2.1 2.8 3.7
Consumer Transformation - 2020 Electricity Mix 0.2 0.4 0.6 0.8 1.2 1.6 2.2 2.9 3.7
System Transformation - 2020 Electricity Mix 0.2 0.3 0.4 0.5 0.7 0.9 1.2 1.5 1.9
Steady Progression - 2020 Electricity Mix 0.2 0.3 0.4 0.5 0.6 0.8 1.0 1.3 1.6

2029 2030 2031 2032 2033 2034 2035 2036 2037

Leading the Way - 2020 Electricity Mix 4.8 6.1 7.6 9.2 10.7 12.1 13.2 14.0 14.5
Consumer Transformation - 2020 Electricity Mix 4.7 5.9 7.3 8.8 10.3 11.6 12.8 13.8 14.4
System Transformation - 2020 Electricity Mix 2.5 3.1 4.0 4.9 6.0 7.3 8.6 9.9 11.2
Steady Progression - 2020 Electricity Mix 1.9 2.4 2.9 3.5 4.2 5.0 5.9 6.9 8.0

2038 2039 2040 2041 2042 2043 2044 2045 2046

Leading the Way - 2020 Electricity Mix 14.9 15.2 15.3 15.4 15.4 15.4 15.4 15.4 15.4
Consumer Transformation - 2020 Electricity Mix 14.9 15.3 15.6 15.7 15.8 15.9 16.0 16.0 16.0
System Transformation - 2020 Electricity Mix 12.4 13.4 14.1 14.8 15.2 15.3 15.4 15.3 15.3
Steady Progression - 2020 Electricity Mix 9.1 10.2 11.2 12.2 13.0 13.7 14.3 14.8 15.1

2047 2048 2049 2050 Cumulative total

Leading the Way - 2020 Electricity Mix 15.4 15.3 15.1 14.9 304.0
Consumer Transformation - 2020 Electricity Mix 16.1 16.0 16.0 15.9 308.6
System Transformation - 2020 Electricity Mix 15.2 15.1 15.0 14.8 256.5
Steady Progression - 2020 Electricity Mix 15.3 15.4 15.6 15.8 223.0

aThe 2020 electricity generation mix excludes BECCS.
Table A.7
Total CO2e emissions from road transporta (MtCO2e) under the Future Energy Scenarios for EVs and fossil fuel vehicles combined with the 2020 electricity generation
ixb .

Source: Tables A.1 and A.6.
2020 2021 2022 2023 2024 2025 2026 2027 2028

Leading the Way - 2020 Electricity Mix 113.1 108.8 105.7 101.9 97.4 91.5 87.0 83.2 77.8
Consumer Transformation - 2020 Electricity Mix 113.1 108.6 105.5 101.7 97.1 91.2 86.7 83.1 78.1
System Transformation - 2020 Electricity Mix 113.1 109.0 106.2 102.8 98.7 93.5 89.7 86.9 82.8
Steady Progression - 2020 Electricity Mix 113.0 108.3 105.3 101.6 97.3 91.9 88.0 85.1 81.2

2029 2030 2031 2032 2033 2034 2035 2036 2037

Leading the Way - 2020 Electricity Mix 71.5 65.1 60.5 55.5 50.6 45.9 41.6 38.2 35.4
Consumer Transformation - 2020 Electricity Mix 70.1 66.7 62.8 58.7 54.5 50.3 46.2 42.3 38.8
System Transformation - 2020 Electricity Mix 75.8 73.4 70.5 67.1 63.4 59.3 54.7 50.0 45.4
Steady Progression - 2020 Electricity Mix 76.6 72.3 70.1 67.6 65.0 62.3 59.2 55.8 52.3

2038 2039 2040 2041 2042 2043 2044 2045 2046

Leading the Way - 2020 Electricity Mix 33.1 31.1 29.5 28.0 26.5 24.8 23.1 21.2 19.4
Consumer Transformation - 2020 Electricity Mix 35.9 33.4 31.3 29.7 28.3 27.0 25.6 24.1 22.6
System Transformation - 2020 Electricity Mix 41.1 37.2 33.8 30.7 27.8 25.7 23.8 21.7 19.6
Steady Progression - 2020 Electricity Mix 48.6 45.0 41.3 37.8 34.7 32.0 29.7 27.7 26.6

2047 2048 2049 2050 Cumulative total

Leading the Way - 2020 Electricity Mix 17.5 15.8 15.1 14.9 1630.5
Consumer Transformation - 2020 Electricity Mix 20.9 19.3 17.6 15.9 1687.4
System Transformation - 2020 Electricity Mix 17.5 15.9 15.0 14.8 1766.8
Steady Progression - 2020 Electricity Mix 25.6 24.8 24.1 23.6 1874.4

aEmissions from road transport include tailpipe emissions and emissions from electricity generation to satisfy the electricity demand from EVs.
bThe 2020 electricity generation mix excludes BECCS.
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