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FOREWORD
The UK automotive sector is a valuable asset to the UK economy, generating £82bn 
and providing 832,000 jobs in the UK. It is a key sector and a global R&D focus point 
with £3.75bn invested in 2019, yet government ambitions for phasing out the sale of 
internal combustion engine vehicles at some point in the 2030s mean the next few 
months will be critical in determining its future. 

The Government has pledged that by 2050 the UK will be a ‘net zero’ emitter of 
CO2. Emissions have reduced since 1990 and the UK has done well so far in 
meeting its CO2 reduction targets. However, at present, the UK is set to fall behind 
by 2023. Now that coal-fired power stations have closed down and we have 
started to use much more natural gas and renewable energy, road transport is 
one of the biggest CO2 emitters. We need to reduce this, and quickly. 

While a clear and achievable target for ending the sale of petrol and diesel cars 
is vital for the industry to prepare for a managed transition to a cleaner future, 
we should not be fooled into thinking this alone will solve the problem. We 
need to address the decarbonisation of both vehicle and fuel to have any real 
hope of meeting our CO2 reduction ambitions. 

With a new generation of clean automotive vehicles and technologies on 
the horizon, government and industry should work together to identify what 
position we as a nation want to play and ensure that our domestic market 
is ready and able to meet that desire. 

The UK is home to some incredibly innovative companies and research 
institutions. We should foster their creativity by taking a technology 
neutral approach to our ambition for emission reduction, allowing the 
industry to do what it does best; innovate. For example, we have 
some amazing electric cars already on the market, but hydrogen is 
better placed for larger vehicles and so Government policy should 
encourage these technologies to be explored too.

This report is aimed at informing the debate on emissions reduction 
so that policy makers can make the right decisions and to ensure 
the UK is able to maintain a strong domestic automotive market, 
providing a solid foundation for global exports. 

Matt Western MP

Chair All Party Parliamentary  
Motor Group
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INTRODUCTION
Reaching net zero carbon by 2050 will be a huge challenge for society and industry in 
the UK. In their latest annual progress report the Committee on Climate Change (CCC) 
made a series of recommendations on how to decarbonise road transport, advocating 
for a greater penetration of Ultra-Low Emission Vehicles (ULEVs) into the market and 
the establishment of infrastructure to support these new vehicles. 

The UK automotive industry is fully committed to the decarbonisation of its products 
whilst also minimising the environmental impact of its operations. Through investments 
in new technologies, emissions from vehicles has fallen steadily since 2000, when 
new CO2 based taxation was brought in. This improvement has however stalled in 
recent years due in part to government policy on diesel, a lack of Ultra Low Emission 
Vehicles (ULEV) on the market, the cost of these vehicles and the concerns around 
charging availability. This trend seems to have reversed in 2020 with Q1 data from 
the Department for Transport detailing new car CO2 emissions falling to their lowest 
ever levels of 118.3g/km2. Coupled with this the number of battery electric and 
plug in vehicles increasing from 3.15%1 in 2019 according to the Society of Motor 
Manufacturers & Traders (SMMT) to 8.8%2 YTD in 2020. 

However, tailpipe emissions are not the whole story. We need to consider the whole 
picture of emissions in understanding the impact different technologies have on the 
environment. To have a real impact on our emissions from road transport we need to 
address the decarbonisation of both vehicle and fuel to have any real hope of meeting 
our climate reduction ambitions. This is sometimes referred to as ‘Well to Wheel’.

Accepting a range of technologies will play a role in meeting our road transport 
decarbonisation ambitions; the industry will be able to decarbonise in a shorter time 
frame than mandating one particular technology, which may not be suitable for all 
applications. This approach, often called a Technology Neutral Approach, will allow 
our highly innovative industry to be a leader in the development of some of these 
new technologies such as Battery Systems, Motors & Power Electronics, Lightweight 
Structures, Hydrogen and Synthetic/E-Fuels. All of which have a role in reducing the 
carbon emissions from road transport. 

The current number of vehicles registered on UK roads stands at over 40 million1, 
covering a range of different vehicle types. This report aims to illustrate the differences 
between the various vehicle segments, the technologies available and their role in 
supporting road transport decarbonisation.

NO. OF VEHICLES  
ON UK ROADS  

40 MILLION 

AVERAGE AGE  
OF CAR IN UK 

8.3 YEARS

AVERAGE NEW CAR CO2 
EMISSIONS IN 2019 

127.8g/km

8.8% OF NEW CAR 
REGISTRATIONS ARE 

PLUG IN 2020 YTD

‘ WE NEED TO DECARBONISE BOTH VEHICLE 
AND FUEL TO HAVE ANY CHANCE OF REACHING 
OUR CO2 EMISSION REDUCTION AMBITIONS.’
MATT WESTERN MP 
CHAIR, ALL PARTY PARLIAMENTARY MOTOR GROUP
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ROAD TRANSPORT SEGMENTS
Road Transport takes many different forms from small electric scooters and bikes through to Heavy Goods Vehicles 
(HGV) and everything in between. Each of these segments has its own attributes (size, power, weight, range & cost) 
and therefore may require different technologies to meet carbon neutrality targets. 

As an example, the driver of a Ford Fiesta will have chosen that vehicle based on their needs and vehicle use, 
whereas the driver of a Ford Transit van has different needs, so has chosen that vehicle based on those needs. One is 
optimised for the school run, the other for package delivery. These two vehicles are very different and therefore have 
different needs when it comes to their respective powertrains. This segmentation analysis is explored further below.

Passenger Car
There are 35 million passenger cars on the road in the UK according to the SMMT1. These vehicles cover a range of 
segments with differing types of vehicle for different applications, these segments are classified by Euro NCAP3 and 
are explained in Figure 1 below.

SEGMENT DESCRIPTION % CHANGE SINCE 2010 2019 REGISTRATIONS

A Mini -20.8% 42,243

B Small -6.8% 685,801

C Medium +16.6% 633,430

D Large -36.3% 168,123

E Executive -4.5% 94,667

F Luxury -12.1% 7,155

S Specialist Sports -4.5% 44,310

J Dual Purpose SUV +259.2% 562,360

M Multi Purpose Vehicle -41.2% 73,051

Total 2,311,140

Figure 1 – Vehicle Segment Growth1, 3 

‘ THERE IS NO SILVER BULLET FOR ACHIEVING THE 
DE-CARBONISATION OF ROAD TRANSPORT. AS THIS 
REPORT SETS OUT, IN IMPRESSIVE DETAIL, WE NEED 
A COMBINATION OF TECHNOLOGY AND SOLUTIONS 
TO ACHIEVE NET ZERO.’
DR UWE GACKSTATTER 
PRESIDENT, BOSCH POWERTRAIN SOLUTIONS 

DECARBONISING ROAD TRANSPORT
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SEGMENT NO. OF
SALES

% 
CHANGE

TYPICAL VEHICLE OPTIONS TECH NO. OF  
OCCUPANTS

POWER 
(BHP)

WEIGHT 
(KG)

RANGE 
(MILES)

AVG. CO2 
(G/KM)

COST 
(£)

MAKE MODEL

A 42,243

➜

20.8

Hyundai I10 ICE 4 76 941 418 114 10,511

Renault Clio
E-Tech Full Hybrid 4 140 1323 0 98 18,770

VW e-Up BEV 4 80 1160 93 0 20,150

B 685,989

➜

6.8

Ford Fiesta ICE 4 103 1210 489 82 16,385

Mini Countryman PHEV 4 217 1760 28.6* 39 32,000

Vauxhall Corsa E BEV 4 70 1163 209 0 27,665

C 633,430 ➜

16.6

VW Golf ICE 5 194 1413 495 117 20,280

Toyota Prius PHEV 5 120 1375 39* 22 31,695

VW E-Golf BEV 5 113 2020 144 0 29,740

D 168,123

➜

36.3

BMW 3 Series ICE 5 257 1,707 583 123 29,990

BMW 330e PHEV 5 288 1845 40* 43 37,875

Tesla Model 3 BEV 5 225 1726 250 0 42,500

Toyota Mirai FCEV 5 153 1850 342 0 61,500

E 94,667

➜

4.4

Mercedes C Class ICE 5 318 1707 676 138 28,035

Mercedes C300e PHEV 5 316 1815 33* 37 43,015

Tesla Model 3 ICE 5 225 1726 254 0 42,500

F 7,155
➜

12.1

Mercedes S Class ICE 5 612 2165 591 231 74,540

Porsche Panamera E PHEV 4 462 2170 31* 60 88,718

Tesla Model S BEV 5 554 2108 379 0 77,980

J 562,360 ➜

259.2

Ford Kuga ICE 5 170 1704 501 171 23,995

Ford Kuga PHEV 5 222 1844 35* 32 33,095

Jaguar i-Pace BEV 5 394 2133 292 0 64,695

Hyundai Nexo FCEV 5 161 1874 413 0 69,495

M 73,051

➜

41.2

Citroen Spacetourer ICE 8 174 1806 492 100 35,235

Volvo XC90 PHEV 7 407 2256 35* 63 40,000

Mercedes EQV BEV 5 402 2495 292 0 70,665

S 44,122

➜

4.5

Porsche 911 Carrera ICE 2 379 1580 380 233 82,795

BMW I8 PHEV 2 368 1485 32* 42 115,105

Porsche Taycan BEV 2 751 2380 201 0 83,000
Figure 2 – Vehicle Segment Comparison1, 3, 4

* Range for the Plug in Hybrids (PHEV) vehicles has been considered as the e-range only
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Over the past ten years consumer tastes have changed, 
with a move away from smaller vehicles (A&B segments) 
towards Medium (C segment), which has grown 16.6%1 
since 2010. There has also been a shift in the larger 
vehicle segments, with consumers opting for SUVs and 
Crossovers (J Segment) over large vehicles and MPVs 
(D&M Segments). This has seen this segment grow 
by 259%1 since 2010. It is however important to note 
that not all vehicles in this segment are large 4x4s as 
sometimes portrayed, as the crossover sector covers 
everything from supermini equivalents upwards.

To understand this shift in consumer tastes, we have 
analysed each vehicle segment (Figure 2), using the 
latest full year data from the SMMT1, to provide a clear 
understanding of the attributes of a given segment. We 
have also compared a leading vehicle in each segment 
against its equivalent Ultra Low Emission Vehicle (ULEV) 
competitor. 

The majority of these comparator vehicles are listed 
on the Go Ultra Low website4. The prices listed are 
manufacturer recommended retail prices minus relevant 
plug-in grants for those that are eligible. The range for the 
ULEV vehicles has been considered as the e-range only 
where applicable.

Based on data as of the end of 2019, the three largest 
vehicle segments are B, C & J (Figure 3), the remaining 
segments make up for a very small proportion of the total 
overall market. Based on usage and range the B & C 
segments are most easily electrified, though the cost 
differential is still relatively prohibitive even when factoring 
in the government Plug in Car Grant5. 

The J segment is the broadest in terms of number 
vehicles within it and types of use. The S & F segments 
are very small in total number, but have some of the 
largest emitting vehicles within them. However, the usage 
cycle of some of these vehicles (sports/super cars), 
mean the frequency of use and total annual mileage is 
relatively low.

OVER THE PAST TEN YEARS
CONSUMER TASTES

HAVE CHANGED

2010-2019

UK Passenger Car Market by Segment

30%

24%
B

28%

7%

4%

2%3%
2%

0%
D

F

J

M

A

S

C

E

Figure 3 – UK Passenger Car Market

TOTAL ANNUAL MILEAGE 
OF S SEGMENT VEHICLES 

IS RELATIVELY LOW.

DIESEL VEHICLES EMIT ON
AVERAGE 15-20% LESS CO2

THAN PETROL VEHICLES.

TOTAL ANNUAL MILEAGE  
OF S SEGMENT VEHICLES  

IS RELATIVELY LOW.

DECARBONISING ROAD TRANSPORT
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Light Commercial Vehicle (LCV)
The Light Commercial Vehicle (LCV) sector has experienced significant growth in recent 
years, increasing by 59% since 2000. There are now some 4.2 million vehicles on the 
road in the UK according to the SMMT6. These vehicles are largely categorised into two 
groups, Small and Large, based on their respective weight classification and they vary 
in style dependant on their specific application. The respective share of the market is 
outlined in Figure 4.

LCV traffic now accounts for 15.4%6 of all vehicle miles in the UK, with figures in London 
higher still with Transport for London suggesting vans making up well over 20% of 
London traffic in the morning peak (8.00am – 9.00am). This growth is projected to 
increase with the National Traffic Forecast projecting the national average to be 20% by 
2035, with the London average being 22%.

Almost all of the UK’s van fleet is powered by diesel, with the latest Euro 6 diesel vans CO2 
emissions having fallen by more than 10% over the past five years. The percentage of 
alternatively fuelled vans as part of the total stands at less than 1%, but is increasing with 
greater number of products now on the market.

2019 LCV Registrations

Small LCV

74%

26%

Large LCV
Figure 4 – LCV Market Segmentation4

SEGMENT NO. OF
SALES

TYPICAL VEHICLE OPTIONS TECH NO. OF  
OCCUPANTS

POWER 
(BHP)

WEIGHT  
(KG)

RANGE 
(MILES)

AVG. CO2 
(G/KM)

COST 
(£)

MAKE MODEL

Small 
LCV 56,518

Ford Transit Connect ICE 2 75-120 1650 791 124 16,575
N/A N/A Hybrid N/A N/A N/A N/A N/A N/A

Nissan eNV200 BEV 2 107 1592 124 0 20,005

Large 
LCV 158,707

Ford Transit Custom ICE 3 130 2022 1206 158 25,391
Ford Transit Custom PHEV 3 126 2235 35 60 42,255

Renault Master BEV 3 76 2050 124 0 57,971

Figure 5 – LCV Vehicle Segmentation Analysis.

OF ALL
VEHICLE TRAFFIC

15.4%
VAN TRAFFIC NOW

ACCOUNTS FOR

VANS ON THE ROAD 
IN THE UK.

4.2 MILLION

OF ALL
VEHICLE TRAFFIC

15.4%
VAN TRAFFIC NOW

ACCOUNTS FOR

VANS ON THE ROAD 
IN THE UK.

4.2 MILLION

OF ALL
VEHICLE TRAFFIC

15.4%
VAN TRAFFIC NOW

ACCOUNTS FOR

VANS ON THE ROAD 
IN THE UK.

4.2 MILLION

‘FOR LARGER CARS AND COMMERCIAL VEHICLES WITH A VARIED 
MISSION, HYDROGEN FUELLED POWERTRAINS ARE MORE APPROPRIATE.’

DR ANDY PALMER CMG –CHAIRMAN, OPTARE 

DECARBONISING ROAD TRANSPORT
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Heavy Commercial Vehicle
The Heavy Commercial Vehicle sector is comprised of 
Bus, Coach and Heavy Goods Vehicles (HGV), which 
are in turn divided up into weight and type categories. 
In 2019 there were 690,000 Heavy Commercial Vehicles 
on UK roads and, whilst sales in the Bus and Coach 
sector were 18.8% down year on year, the HGV market 
saw growth of 12.6% according to the SMMT1. The 
respective share of the market is outlined in Figure 5.

2019 Heavy Commercial Vehicle Registrations

88%

12%

HGV

Bus & Coach
Figure 5 – Heavy Commercial Vehicle Segmentation1

One of the single biggest improvements to urban air 
quality would be the replacement of diesel buses with 
Electric (BEV) Buses. Urban buses are ideal in a BEV 
format given the predetermined mission or cycle of 
the bus, which allows bus batteries to be sized to the 
specific mission.

Today the UK is a global leader in the development 
and manufacture of BEV buses, with a number of 
cities operating them, but they are more expensive to 
purchase compared to traditional diesel buses and 
require government incentives to bridge the gap. With 
this subsidy the UK’s domestic market has a range of 
products available to meet current and future demand 

in replacing legacy diesel powered vehicles for urban 
use. Intracity buses and coaches require further work on 
battery range or alternative powertrain solutions such as 
Fuel Cell or Renewable Fuels to be viable.

With regard to absolute CO2 emissions, it is the HGV 
sector that is the highest emitting of all commercial road 
transport. The majority of commercial vehicles are still 
powered by diesel, but the latest Euro VI diesel vehicles 
emit 95% less NOx than Euro V equivalents1. However, 
there are an increasing number of low and ultra-low 
emission products in the bus sector; this is in part to 
the predictable usage cycle and government incentive 
schemes7.

The HGV sector is less well catered for, their usage 
cycle does not lend itself to BEV. A Government Office 
for Science report on the Decarbonisation of Transport8 
cites figures presented by Tesla for their electric truck, 
which sets out that for a range of 800km the vehicle 
would have an energy consumption of 1.25kWh/km 
requiring 1000kWh of energy; so in practice a 1300 kWh 
battery. Based on current lithium-ion battery costs of 
£107/kWh today, which are expected to fall to circa £70/
kWh by 2021, this suggests that in 2021 an HGV battery 
would cost £93,000 and a weigh between 5 and 13 
tonnes in weight, which would significantly reduce the 
available payload of a typical HGV. 

Manufacturers are looking into alternative technologies 
and adaptations to reduce the emissions of their 
vehicles. These technologies range from changes to 
the existing ICE powertrain to run on Hydrogen or 
a renewable fuel (E-Fuel) to FCEV variants or BEV 
variants. Though the latter is not currently suitable when 
considering longer distances as outlined above. 

When conducting a multi-criteria comparison of FCEV 
and Hydrogen Engine Drive technologies for these 
use cases, it would argue for the coexistence of both 
technologies in commercial vehicles of the future. This 
further demonstrates the need to maintain a technology 
neutral approach to technology development and makes 
it all the more important to rapidly establish hydrogen as 
an energy source for mobility in commercial vehicles.

ESTIMATED COST OF  
HGV BATTERY £93k

‘FOR URBAN BUSES AND DELIVERY VEHICLES, THE SIZE OF THE BATTERY CAN BE MATCHED 
TO THE MISSION, MEANING A BEV IS A COST EFFECTIVE SOLUTION FOR FLEET OPERATORS.’

DR ANDY PALMER CMG – CHAIRMAN, OPTARE
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POWERTRAIN COMPARISON

Internal Combustion Engine (ICE)
The Internal Combustion Engine has been around 
for over 100 years, with two distinct types, petrol 
and diesel based engines. Both have seen significant 
improvements over the past 20 years in terms of their 
efficiency and emissions produced from their use. 

Petrol
Continuous advances in vehicle technology have 
ensured the petrol cars we use today are unrecognisable 
compared with those we relied on even a decade ago. 
Massive investment has resulted in a revolution of the 
combustion engine and vastly reduced tailpipe emissions.

Petrol cars cost less upfront to buy than electric or hybrid 
vehicles on a like-for-like basis. All new petrol vehicles 
sold since 2005 are compliant for use in the London Ultra 
Low Emission Zone and the future Clean Air Zones.

Diesel
Modern diesels have, and will continue to have, a crucial 
role in providing mobility and helping improve air quality. 
Euro 6 diesel cars are the cleanest in history: Nitrogen 
Oxides (NOx) and Particulate Matter (PM) emissions 
have been cut significantly in recent years, thanks to 
sophisticated exhaust after-treatments and advanced 
engine design.

Diesel technology has already played a huge part in 
reducing CO2 emissions. Diesel cars emit, on average, 
15-20% less CO2 than equivalent petrol vehicles and 
over the past decade this has prevented more than 
3 million tonnes of CO2 from going into the atmosphere9.

Diesel cars can also cost less upfront to buy than 
electric or hybrid vehicles and are typically more fuel 
efficient than petrol cars. All new diesel vehicles sold 
since 2015 meet the emissions standards for use in the 
London Ultra Low Emission Zone and the future Clean 
Air Zones, and do not incur any restrictions or fines.

Battery Electric Vehicle (BEV)
Battery electric vehicles (BEVs) are powered solely by 
electricity stored in the vehicle’s batteries. They use 
an electric motor to turn the wheels and produce zero 
tailpipe emissions. Further adoption of this powertrain 
type requires a network of strategically placed charging 
infrastructure to support journeys. 

BEVs are zero emission at the tailpipe, but their overall 
emissions are dependent on how the electricity they use 
is generated. In the UK power generation emissions are 
set to fall significantly over the coming 20 years from 
today’s levels as more renewable energy is installed, 
though this is not estimated to be zero even by 2050 
according to latest BEIS estimates10. In addition to this, 
producing an electric car’s materials and its battery 
pack actually results in higher CO2 emissions than a 
conventional car. 

As an example, Polestar have recently conducted a 
study11 comparing their Polestar 2 vehicle against a 
Volvo XC40, with the former producing 24 tonnes of 
CO2 through its manufacture compared to 14 tonnes 
for the Volvo. This differential is off set over the lifetime 
of the vehicle with Polestar stating that you would 
have to drive 78,000km (EU power mix) in a Polestar 
2 before its carbon footprint becomes smaller than a 
Volvo XC40. Similar results have been shown by studies 
conducted by Volkswagen comparing the eGolf against 
the diesel Golf.

Over the past few years, the number of powertrain 
solutions has increased with greater emphasis on efficiency 
and CO2 reduction. Traditional fuels such as gasoline and 
diesel have either been supplemented or blended with 
Biofuel to further improve their environmental performance. 
New fuels such as Hydrogen, E-Fuels or Electricity offer 
greater future performance, but rely on an energy intensive 
production process using electricity, which to date is not 
carbon neutral.

This section analyses current technology and their uses.

DIESEL VEHICLES EMIT ON
AVERAGE 15-20% LESS CO2

THAN PETROL VEHICLES

THE AVERAGE COST 
DIFFERENCE BETWEEN  
ICE AND AN EV VEHICLE 
IS 44.4%

THE MANUFACTURE OF AN 
ELECTRIC VEHICLE GENERATES 

63% MORE CO2 COMPARED TO 
CONVENTIONAL ICE VEHICLE11

‘WHEN ASSESSING VARIOUS NEW  
TECHNOLOGIES, THE CO2 GENERATED  

IN THE VEHICLE MANUFACTURING  
PROCESS IS AN IMPORTANT  

FACTOR TO CONSIDER.’
ANDY EASTLAKE – MD, LowCVP
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Despite these challenges, improvements in technology 
and power generation mean that BEVs play an integral 
role in the decarbonisation of road transport. Today they 
are becoming increasingly viable for a growing number of 
people and currently represent 5.4%2 YTD of all new  
car registrations according to the Department for 
Transport, with the Nissan LEAF being built in the UK.

BEVs typically offer 80-250 miles driving range and are 
cheap to run when charged at home. They also benefit 
from a range of incentives from purchase incentives 
through to zero road tax (VED) and are exempt from 
the London Ultra Low Emission Zone and Congestion 
Charge tariffs as well as future Clean Air Zones.

Hybrid Electric Vehicle (HEV)
There are a number of different types of HEVs which are 
capable of zero emission driving; from the original HEV that 
uses electrical power generated during braking to improve 
fuel economy to the PHEV, which have longer ranges due 
to their battery size. They all use electric power combined 
with a petrol or diesel internal combustion engine.

Full Hybrid (Self Charging Hybrid)
A full hybrid or ‘Self Charging Hybrid’ uses both the 
combustion engine and electric motors to drive the car, 
either simultaneously or independently.

The most common type of hybrid vehicle, full hybrids can 
typically hold small amounts of electric charge. This can 
be used to provide extra power which is employed in 
conjunction with a combustion engine, thus improving its 
fuel economy.

As the electric motors are built into the drive-train, a 
full hybrid can determine how to use fuel and electrical 
energy in the most efficient way, which means there 
is no requirement for the driver to adjust between the 
three driving modes; Electric Drive, Hybrid Drive and 
Engine Drive. 

Self-charging hybrid products on the market now are 
already making a contribution to C02 reductions. The 
new Jazz Hybrid for instance emits 30% less C02 than 
its non-hybrid predecessor.

Mild Hybrid Electric Vehicle (MHEV)
MHEVs, sometimes known as ‘hybrid assist’ vehicles, 
have a petrol or diesel internal combustion engine 
equipped with an electric motor that can allow the engine 
to be turned off as the car is coasting or braking. The 
motor can also be used to provide assistance to the 
engine, reducing fuel consumption and CO2 emissions.

MHEVs cannot be driven on electric only mode although 
continued investment in this technology could enable up to 
10 miles electric driving distance under city conditions.

Plug in Hybrid Electric Vehicle (PHEV)
Plug-in hybrids are capable of zero emission driving, 
typically between 25 to 40 miles (as shown in Figure 2), 
and can run on an internal combustion engine for longer 
trips. As the name suggests, they need to be plugged-in 
to an electricity supply in order to maximise their zero-
emission capability. They have a reduced road tax (VED). 

This technology is seen as a key bridging technology 
between that of conventional ICE vehicles and fully 
BEV vehicles as they provide sufficient zero emission 
range for most trips, but have an Internal combustion 
engine for longer journeys. As technology develops, the 
connectivity of vehicles will enable greater efficiency in 
the use of hybrid vehicles through the use of geofencing, 
ensuring vehicles run on their battery power only when 
in urban or pre-determined areas and when coupled 
with 100% renewable fuel, PHEVs can rival the lifecycle 
environmental performance of BEVs and FCEVs.

Fuel Cell Electric Vehicle (FCEV)
Fuel Cell Electric Vehicles are zero tailpipe emission electric 
vehicles, which use hydrogen fuel cells to generate power. 
Hydrogen – stored in an on-board fuel tank – is combined 
with oxygen in the fuel cell and the only outputs are 
electricity, heat and water.

A number of manufacturers are investing heavily in this 
technology, and in 2015 the first full-production hydrogen 
fuel cell vehicle went on sale in the UK. Further uptake will 
require support in developing the refuelling infrastructure 
as set out in the Committee on Climate Change report, 
‘Hydrogen in a low carbon economy’12. This will be further 
supported by the needs of the Commercial Vehicle sector.

DECARBONISING ROAD TRANSPORT

PHEVS TYPICALLY  
HAVE AN E RANGE  
OF 25-40 MILES

‘ ADVANCED HYBRID TECHNOLOGIES HAVE A KEY ROLE TO PLAY IN DELIVERING 
SIGNIFICANT CO2 REDUCTIONS OUT TO 2035 AND BEYOND, WHILE ENSURING 
MOBILITY REMAINS AFFORDABLE AND ACCESSIBLE FOR ALL.’
IAN HOWELLS – SVP, HONDA MOTOR EUROPE
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Renewable Fuels
Renewable Fuels are zero and low carbon fuels 
designed for the internal combustion engine. They can 
be made from biomass (biofuels) or from low carbon 
electricity (E-fuels). They can substitute for fossil fuels 
and significantly reduce the carbon emissions from a 
vehicle (figure 6). They can be categorised as follows;

•  Electrofuels (E-Fuels): these are synthetic fuels 
manufactured using captured carbon dioxide or 
carbon monoxide together with hydrogen, see figure 
6 below. They are termed electro or E-Fuels because 
they are made from electricity, which can be zero or 
low carbon e.g. wind, solar or nuclear power.

•  Biofuels are fuels produced from sustainable biomass 
or waste using chemical or thermal processes.

Renewable fuels use existing infrastructure (filling 
stations), so reduce the need for large scale 
infrastructure investment and provide an opportunity 
to support the wider decarbonisation of transport 
alongside hybrid electric vehicles.

The German Energy Agency (Dena) conducted a 
detailed study13 into the role of E-Fuels and determined 
that E-Fuels are necessary to meet the EU climate 
targets within the transport sector, with over 70% of the 
final energy demand of all transport modes being met 
by E-fuels in 2050. Though the primary areas of use 
will be aviation, shipping and freight transport there is 
nonetheless a role for E-Fuels in the decarbonisation of 
hybrid technology and the legacy fleet.

DECARBONISING ROAD TRANSPORT

E FUELS WOULD USE EXISTING 
INFRASTRUCTURE, REDUCING THE 

NEED FOR ADDITIONAL INVESTMENT

Electrofuel Production Process

Figure 6 – E-Fuel production process and overview13

‘ DIFFERENT TYPES OF VEHICLES ARE USED FOR DIFFERENT TYPES OF JOURNEYS – AND 
THEREFORE REQUIRE DIFFERENT POWERTRAINS. E-FUELS SHOULD BE CONSIDERED AS 
PART OF THE SOLUTION AND AS A FUEL THAT EXISTS TODAY COULD PLAY AN IMMEDIATE 
ROLE ON THE JOURNEY TOWARDS DE-CARBONISATION.’
DR UWE GACKSTATTER – PRESIDENT, BOSCH POWERTRAIN SOLUTIONS

‘ THE ROLE OF FUELS IN REDUCING GREENHOUSE GAS EMISSIONS IS OFTEN OVERLOOKED. SWITCHING 
FUELS IS ONE OF THE MOST COST-EFFECTIVE AND QUICKEST WAYS TO DECARBONISE ROAD TRANSPORT, 
COMPLEMENTING DEVELOPMENTS IN THE VEHICLES THEMSELVES.’
GAYNOR HARTNELL – CHIEF EXECUTIVE, RENEWABLE TRANSPORT FUEL ASSOCIATION
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CO2 EMISSIONS
Current Average CO2 Figures
Overall CO2 emissions from road transport have reduced over the past decade in all segments with the greatest 
improvements being made in the S segment (Specialist Sports), which has dropped by 31.3%1 over the past 10 years 
according to the SMMT. Manufacturers continue to make improvements to these figures through the hybridisation and 
overall downsizing of powertrains.

SEGMENT DESCRIPTION 2019 CO2  
(AVERAGE G/KM)

% CHANGE CO2  
(AVERAGE G/KM)

’19 V ’10

A Mini 109.8 -3.8

B Small 116.6 -8.6

C Medium 119.6 -14.9

D Large 127.0 -12.7

E Executive 134.7 -20.5

F Luxury 184.3 -21.3

S Specialist Sports 131.2 -31.3

J Dual Purpose SUV 148.9 -24.2

M Multi Purpose Vehicle 139.1 -12.8

LCV Light Commercial Vehicle* 165.8 -16.4

Total 137.7 -16.6

Figure 7 – CO2 Improvement by vehicle segment1

* LCV data compared 2019 vs 2011

S SEGMENT HAS SEEN 
THE LARGEST CO2 

REDUCTION AT

 31.3%

AVERAGE CAR  
CO2 REDUCTION  

SINCE 2010 

 16.3%
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Holistic ‘Well to Wheel’ CO2 Analysis
Modelling the carbon intensity of various fuel types provides an opportunity to 
estimate the CO2 g/km for different technologies (Figure 8). This modelling is 
based on the BEIS electricity grid trajectory10 and the Well to Wheel analysis 
compiled by the European Commission in the JEC WTW report14. 
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Figure 8 – Well to Wheel CO2 Emissions by Fuel Type 8, 12, 13

Improvements in traditional liquid fuels are likely to have little or no CO2 
improvement in the coming decades, except where they can be blended at 
higher levels. Hydrogen and E-Fuels are reliant on a greater greening of the 
electrical grid, meaning as the overall grid CO2 improves so do, they.

When comparing these CO2 figures, we should also compare the relative 
investment costs in each new technology type. Both BEV and Hydrogen 
vehicles will require significant infrastructure investment, for charging/refuelling. 
The SMMT conducted some analysis15 earlier this year looking at some of 
these costs and estimated that a further £16.7bn investment was needed in 
home and on street charging infrastructure, in addition to that already planned 
to support the transition from ICE to BEV. An earlier phase out of ICE and 
Hybrid vehicles would require this investment to be made over a shorter time 
frame. A similar study has been conducted by UK H2 Mobility16 whereby they 
look at Hydrogen infrastructure investment, which would be circa £19.1bn, 
based on upgrading all the current UK service stations. Neither figures include 
the investment required in network distribution upgrades, additional power 
generation or Hydrogen manufacture. 

Bio Fuels and E Fuels are less reliant on large scale infrastructure investment, 
with the latter today being more expensive than regular liquid fuels at an 
average cost of £5 per litre, this will likely change as demand increases would 
bring costs in line with standard liquid fuels.

£16.7bn  
IN EV CHARGING 
INFRASTRUCTURE 
REQUIRED

£19.1bn  
IN H2 

INFRASTRUCTURE 
REQUIRED 

* Hydrogen from grid electricity electrolysis compressed to 350bar for fuelling.
** E-Fuel from Grid electricity with Direct Air capture, electrolysis and FT process.

‘WE NEED TO DECARBONISE THE FUEL AND 
FOCUS ON THE EFFICIENCY OF THE VEHICLE.’

ANDY EASTLAKE – MD, LowCVP
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THE COST DIFFERENTIAL BETWEEN ICE 
AND BEV IN THE A SEGMENT IS 

91.7%*  

WHERE IN THE F SEGMENT IT IS ONLY 

4.5%*  
 

* Comparison based on vehicles assessed in Figure 2

DECARBONISING ROAD TRANSPORT

POWERTRAIN  
TECHNOLOGY  
ANALYSIS
In the long term with a 100% renewable or zero carbon energy grid BEV/FCEV are the most logical technology for 
cars and light commercial vehicles, though with current limitations in both technologies a broader technology approach 
needs to be considered. For example, a BEV currently works well for small city cars (A&B segments) as they travel 
short distances and therefore only need a small battery pack that is charged less frequently. The same can be said 
of a large executive saloon (E&J Segment) as some of the cost of a larger battery pack can be absorbed by the 
higher cost of the vehicle. This is more challenging in the smaller vehicle types as the upfront cost differential can be 
a barrier. Figure 9 below assesses some of the vehicles on the market today in each segment and the cost differential 
between them.

Cost comparison between technologies
£120,000

£90,000

£60,000

£30,000

0
A C E J S LCV 

Large
Segment*

ICE PHEV BEV FCEV

LCV 
Small

B D F M

Figure 9 – Cost Comparison Between Technologies1 & 4
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This works less well in the S Segment (Specialist Sports) due to the relatively short time a BEV vehicle can sustain 
full capacity before losing power due to de-rating. It is also an issue for vehicles that need to tow or carry weight as 
these activities would require greater amounts of electrical current and therefore the battery capacity would need to be 
higher, adding further weight to the vehicle. 

Battery and battery management technology has improved significantly over the past few years when assessing  
de-rating compared to a conventionally (ICE) powered vehicle. However, this improvement is still some way from being 
comparable to an ICE vehicle in terms of endurance, as the ICE vehicle can refuel quickly whereas the BEV would 
need to cool sufficiently before being able to recharge. A BEV sports/super car does however outperform an ICE 
vehicle in terms of power and acceleration. 

Whilst BEV technology continues to mature, sports/super car companies have adopted hybrid technology along 
with light weighting and improved aerodynamics to both improve the overall efficiency of their powertrains and their 
performance. This, combined with the use of E-Fuels, is seen as a logical step to maintain their sporting credentials  
whilst also meeting the societal targets of emissions reduction.

The commercial vehicle sector has a range of options, 
from BEV through to FCEV and E-Fuel solutions. The 
technology type will vary depending on the vehicle type 
and usage profile and this mix will likely continue to evolve 
as technology develops. However, electrification is likely 
to be the most suitable application for shorter journeys or 
those with a predetermined mission/cycle, whilst Hydrogen 
fuelled derivatives for longer journeys or those with an 
unpredictable/varied cycle.

‘ A MULTI PATHWAY APPROACH, MAKING USE OF A RANGE OF TECHNOLOGIES AND 
ENERGY SOURCES, WILL DELIVER CO2 REDUCTIONS MORE QUICKLY AND MORE 
EFFECTIVELY THAN AN APPROACH THAT RELIES SOLELY ON ONE TECHNOLOGY.’
IAN HOWELLS – SVP, HONDA MOTOR EUROPE

‘ PERFORMANCE AND POWER CANNOT 
SIMPLY BE INCREASED BY INSTALLING 
BIGGER BATTERIES, AS THESE VEHICLES 
WOULD INCUR WEIGHT AND COST 
PENALTIES.’
JAMES M STEPHENS – DIRECTOR OF 
GOVERNMENT & CORPORATE AFFAIRS, 
ASTON MARTIN LAGONDA

‘WEIGHT MINIMISATION AND AERODYNAMIC 
OPTIMISATION ARE CENTRAL TO McLAREN’S 

EXPERTISE AND HELP IMPROVE DRIVING 
PERFORMANCE AND ENERGY EFFICIENCY 

WHILE REDUCING THE VEHICLE’S OVERALL 
ENVIRONMENTAL IMPACT.’

JAMIE CORSTORPHINE – PRODUCT DIRECTOR, 
McLAREN AUTOMOTIVE

DECARBONISING ROAD TRANSPORT
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DECARBONISING 
THE LEGACY FLEET
With over 40 million vehicles on the roads today the UK car parc is significant and these vehicles need to be 
considered when looking at how to decarbonise road transport. In 2019 the average age of a passenger car when it 
was scrapped was 14 years old16 (figure 12). Light commercial vehicles, which have a different usage profile, were over 
12 years old and Heavy Commercial Vehicles was 11.5 years, in the same time period. 
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Light Commercial Vehicles  
Heavy Commercial Vehicles  

Figure 11 – Average Age of Vehicles at Scrappage16

In 2019 over 10% of the cars on the road were over 
20 years old16. With this in mind it is important that we 
also try and address the decarbonisation of the legacy 
fleet, by making it easier for people to transition to a 
new cleaner technology.

As outlined in this report, increasing the renewable 
content of petrol and diesel is one approach whilst 
E-Fuel is another way to address the legacy fleet and 
represents a significant opportunity for the UK in not 

only reducing its overall fleet emissions, but also in 
terms of industrial development for the UK in a new 
technology/process.

The UK continues to build its expertise in E-Fuels with 
research efforts being focused at the UK Catalysis Hub 
on developing new technologies to improve and scale 
up the use of renewable energy to electrolyse water and 
to improve the direct conversion of carbon dioxide.

DECARBONISING ROAD TRANSPORT

40 
MILLION 

VEHICLES ON  
UK ROADS

2.3 
MILLION 
VEHICLES REGISTERED  
IN THE UK IN 2019

10% 
OF CARS ON THE 
ROAD IN THE UK  
ARE OVER 20  
YEARS OLD

‘DECARBONISING THE LEGACY FLEET WITH LOWER CARBON 
FUELS IS ESSENTIAL TO MEETING OUR CLIMATE AMBITIONS.‘

ANDY EASTLAKE, MD LowCVP
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The UK has made significant progress in reducing its 
carbon emissions, but more needs to be done, and 
road transportation is a key area where improvements 
are required if decarbonisation targets are to be met. 
The number of Ultra Low Emission Vehicles (ULEVs) 
is increasing, but there remain a number of significant 
barriers to uptake. These range from cost, to availability 
and practicality for the user.

As outlined in this report, the needs of the varying 
segments of the road transport sector vary depending 
on the attributes of that particular vehicle and its use. 
The type of powertrain is best matched to its usage 
cycle. We therefore need to consider the usage of the 
vehicle when assessing the correct powertrain solution 
for a given vehicle. 

It is therefore important to consider the principle 
that the cars define how much energy is used (fuel 
consumption), but it is the fuel that defines how much 
carbon is produced (carbon intensity). Any policy 
changes should therefore focus on both aspects in 
a holistic Well to Wheel approach in assessing the 
emissions of a vehicle. 

Making all new vehicles zero emission at the tailpipe 
(FCEV/BEV) only works if the energy grid is zero 
emission, it also only addresses those new vehicles 
sold each year circa 2m per annum (2019), whereas 
introducing a low-carbon fuel impacts on all vehicles in 
the car parc, circa 40m. 

Therefore the Government should adopt a technology 
neutral approach, allowing industry to continue to 

innovate. In doing so, the UK would be well placed to 
lead in the development and manufacture of these new 
technologies. We have a diverse automotive industry, 
centres of excellence in materials (NCC), the new 
battery research centre technology (UKBIC), a growing 
Hydrogen generation industry and a highly innovative 
supply chain.

However, government ambition needs to recognise the 
differing technology needs of the various vehicles on the 
market. We can research the best technology and build 
the best vehicles to be powered by this technology, 
but currently we have to import this technology from 
abroad. Given the fragility of supply networks halfway 
across the globe and the polluting effect of transporting 
components such as batteries, this is not a long-term 
solution for a UK automotive industry that wants to be a 
global leader. 

The diversity of the UK automotive industry is also 
unique with a large number of small and niche 
manufacturers. These manufacturers often act as the 
route to market for new technology, so the UK has 
a distinct advantage and should ensure this route to 
market is supported. 

There is a golden opportunity in a post-Brexit, post-
corona virus world for the UK to become the global 
leader in state of the art zero emission technology, but 
we must find a way to support both the technology 
development and the industrial development 
that follows.

RECOMMENDATIONS

1. THE UK SHOULD SEIZE THE OPPORTUNITIES 
THAT THE VARIOUS TECHNOLOGIES OFFER 
FOR UK INDUSTRIAL DEVELOPMENT.

2. ’ THE FOCUS SHOULD BE ON THE 
DECARBONISATION OF THE FUEL NOT 
THE VEHICLE, IN ORDER TO MEET THE 
COUNTRY’S CLIMATE CHANGE AMBITIONS.

3. THE DECARBONISATION OF THE LEGACY 
FLEET IS AS MUCH OF A PROBLEM AS NEW 
VEHICLES, WE NEED TO ADDRESS BOTH.

4. WE NEED TO RECOGNISE THE DIFFERING 
TECHNOLOGY NEEDS OF DIFFERENT 
VEHICLE TYPES.

5. ENCOURAGE GREATER TRANSPARENCY 
FROM AUTOMOTIVE OEMs ON THE 
WHOLE VEHICLE CO2 FOOTPRINT OF 
THEIR PRODUCTS.

6. ENSURE A CLEAR LINK BETWEEN 
RENEWABLE ENERGY GENERATION 
AND TRANSPORT DECARBONISATION.

7. TAKING A TECHNOLOGY NEUTRAL APPROACH 
TO DECARBONISATION, ALLOWS INDUSTRY 
TO CONTINUE TO INNOVATE, OFFERING 
CUSTOMERS A RANGE OF SOLUTIONS TO 
MEET THEIR NEEDS. 

CONCLUSION
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Well to Wheel CO2 Data^

POWER 
SOURCE 

ENERGY 
CO2G/MJ  

– 2020 ENERGY 

ENERGY 
CO2G/MJ  
– 2030

ENERGY
CO2G/MJ  
– 2040

ENERGY
CO2G/MJ  
– 2050

Well to  
Tank

Tank to 
Wheel

Total 
(WTW)

Total 
(WTW)

Total 
(WTW)

Total 
(WTW)

Diesel 17 71 88 88 88 88

Gasoline 18 67 85 85 85 85

Bio Diesel 11 5 16 16 16 16

Bio Ethanol 25 1 25 25 25 25

LPG 8 64 72 72 72 72

E-Fuel** 226 1 227 100 32 22

Hydrogen* 150 0 150 66 21 14

Electricity ^ 80 N/A 80.0 35 11 8
 
Figure 13 – Well to Wheel CO2 Data by Fuel Type 8, 14, 18 

* Hydrogen from grid electricity electrolysis compressed to 350bar for fuelling

** E-Fuel from Grid electricity with Direct Air capture, electrolysis and FT process

^ Data based on BEIS Grid estimated future figures

APPENDIX
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