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Disclaimer: 
This report has been prepared by UKPIA by its own assessment and does not represent the combined views of its members. All data shown in tables and charts are 
UKPIA’s own data, except where otherwise stated and cited in endnotes, and are copyright © of the UK Petroleum Industry Association. This report is the intellectual 
property of UKPIA and may not be published or distributed without prior written permission. The modelling and results presented are based on information provided 
by third parties, upon which UKPIA has relied in producing its report and forecasts in good faith. Any subsequent revision or update of those data will aff ect the 
assessments and projections shown.

This is an illustrative report for information only and is intended to indicate how the downstream oil sector might operate in a future scenario; there may also be other 
potential operations and many alternative scenarios. UKPIA disclaims all liability and responsibility for any decisions or investment which might be made on the basis of 
information provided in this report. There should be no implied commitment from UKPIA (or any of its member companies) to operate using the processes described; 
how businesses are developed and operated is a commercial matter for individual companies. 
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The UKPIA Report “Future of Mobility in the 
UK” provides a comprehensive assessment 
of transport decarbonisation to identify 
important issues, challenges and possible 
solutions on how the UK’s biggest emitting 
sector can transform to meet Net-Zero 
by 2050. The report expands on themes 
first raised in UKPIA’s 2020 Transition, 
Transformation, and Innovation Report (the 
“TTI Report”) and goes into more detail on 
transport-specific issues, offering technical 
findings that offer greater evidence in 
support of UKPIA’s policy suggestions in 
the TTI Report. The findings can help shape 
future transport decarbonisation decisions 
by policymakers, consumers, and those 
industries most closely involved in the UK’s 
transport energy system and makes clear 
the central role of the downstream sector as 
partner in transport decarbonisation.

•  By considering first today’s transport 
sector – which emits over a third of the 
UK’s GHG emissions – the report shows 
the many different ways that transport 
is used: from electric scooters making 
local deliveries to planes flying thousands 
of miles. Development of new and 
deployment of existing technologies can 
replace fossil fuel use over time, but given 
how transport is used, each technology 
will have challenges to overcome and 
some uses will be better suited for certain 
technologies.

•   Second, the transition itself is considered. 
While, to date, policies have been 
successful in reducing vehicle tailpipe 
emissions and increasing biofuel content in 
petrol and diesel fuels, a change of greater 
magnitude will be needed to decarbonise 
more comprehensively. The Energy 
Vector Transition looks at the importance 
of accounting for all GHG emissions in 
transport – from manufacture of vehicles and 
their energy vectors, and even the recycling 
of some materials used, to highlighting the 
importance of a systems-based approach 
to decarbonisation.

•   While technologies and how we introduce 
them will be absolutely vital to decarbonising 
the transport sector – as well as developing 
opportunities that could make the UK a 
world leader in new technologies – there 
are other trends that can play an important 
role too. Blockchain, the rise of mobility-
as-a-service, changes in where we work 
from, and autonomous vehicles may all 
contribute to reduced overall demand for 
transport energies and make the enormous 
task of decarbonisation more manageable 
while improving economic performance 
and consumer experience.

•   Drawing together the themes explored 
before, later chapters present snapshots 
of how each transport sector – roads, rail, 
aviation and shipping – might evolve as the 
UK strives to reach its Net-Zero by 2050 
target.

1. Executive Summary
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The UK’s downstream oil sector is already at 
the very heart of transport, both as a central 
part of product delivery but also in ensuring 
the mass delivery of energy vectors to the 
consumer. Changes are already being made 
to products and consumer offerings to 
develop new, low and zero-carbon energy 
solutions for transport. Companies – driven 
by strong competition, continuing demand 
for energy for transport in all its forms, 
and the need to operate sustainably - will 
continue to innovate and work across all 
transport modes to deliver fit for purpose 
products that improve logistics, reduce 
GHG emissions through the whole supply 
chain, and ultimately drive a transformed 
transport sector.

An overarching theme of 
this paper is the sheer 
scale of change needed 
and indeed expected in 
the Future of Mobility

The report’s final chapter brings together 
technical and practical findings from each 
chapter. While the findings are focussed, 
an overarching theme is the sheer scale of 
change needed. The following overall views 
have been reached:

1.  To meet Net-Zero, all stakeholders 
must work together in pursuing all 
technology options with low carbon 
fuels and hydrogen (both blue and green), 
along with battery electrification, having 
important roles to play across the UK’s 
transport modes.   

2.  A systems approach, lifecycle analysis 
of transport GHG emissions, and frank 
assessment of transport mode energy 
provision, storage, and conversion 
demands are essential ingredients in 
a transport decarbonisation strategy 
to ensure significant, achievable GHG 
emissions reductions at the lowest 
societal cost.

3.  A mobility paradigm shift is required, 
with new technologies and models 
disrupting existing mobility offers to 
improve transport energy efficiency. 
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As a focal point of manufacturing, energy 
provision, powertrain technology, information 
technology, consumer convenience, and 
regulation, the transport sector is one of 
the most complex and diverse sectors in 
the UK economy. In order to meet the UK’s 
ambitious Net-Zero by 2050 objective, all 
stakeholders must work together in pursuing 
all technology options to reduce today’s 
transport energy demand, which stands at 
over 600 TWh/year.1

Today, more than 96% of energy for transport 
is provided by the downstream sector, 
making it the primary energy provider for 
UK transport.1,2

In the TTI Report, the progress made to 
decarbonise the UK downstream oil sector 
itself was highlighted along with the potential 
means to meet Net-Zero. The sector has 
made great strides in recent years in the 
energy vectors it provides – including liquid 
fuels and electricity:

•  UKPIA member companies are developing 
their own EV charging brands such as bp 
pulse and Shell Recharge and members 
are seeking to expand their rapid charging 
networks in particular as well as creating 
dedicated EV charging hubs. The early 
adaptation of refuelling hubs is shown in 
that there were over 1000 public charging 

2. Introduction
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devices on UK forecourts and service 
stations at the end of 2020 according to 
figures from ZapMap.3  

•  Continuing renewable fuel blending in 
2019 saved a total of 5.37 Mt CO2e, which 
is equivalent to taking 2.5 million cars 
off the road for a full year, both of which 
demonstrate the sector’s commitment 
and ability to contribute to transport 
decarbonisation.4

With new technological developments, 
and government interventions – as set out 
in the Ten Point Plan for a Green Industrial 
Revolution –  the rate of change is only set 
to increase.

However, while changes are already being 
made, the pace of change needs to increase, 
delivering not just incremental improvements 
but changes in energy vectors, supply 
chains, infrastructure and consumer 
behaviours. A systems-based approach, 
lifecycle analysis of emissions, and a frank 
assessment of transport energy provision, 
storage, and conversion demands are all – in 
UKPIA’s view – essential ingredients in the 
decarbonisation of transport. 
What is clear at these early stages is that 
all transport energy vectors will need to be 
pursued, with no single technology able to 
meet our future mobility demands for every 
community, every industry, and ultimately 
every journey.



8

The Future of Mobility in the UK  |  March 2021

HEAVY 
DUTY

LIGHT
DUTY

HEAVY 
DUTY

LIGHT
DUTY

SH
O

R
T 

R
A

N
G

E

Hydrogen

Battery
electrification

Low-carbon
fuels

LO
N

G
 R

A
N

G
E

HEAVY 
DUTY

LIGHT
DUTY

HEAVY 
DUTY

LIGHT
DUTY

SH
O

R
T 

R
A

N
G

E
LO

N
G

 R
A

N
G

E

AIR SEA RAIL ROADAIR SEA RAIL ROAD

AIR SEA RAIL ROADAIR SEA RAIL ROAD

Notes
1.  Depending on 

Infrastructure
2.  With in-journey 

charging such as 
overhead cable

3.  Energy vector 
suitability depends 
on route / distance

4.  Hybrid fuel-battery 
approach effective

5.  For routes that 
cannot be electrified

6.  For existing ICE fleet

HEAVY 
DUTY

LIGHT
DUTY

HEAVY 
DUTY

LIGHT
DUTY

SH
O

R
T 

R
A

N
G

E
LO

N
G

 R
A

N
G

E

HEAVY 
DUTY

LIGHT
DUTY

HEAVY 
DUTY

LIGHT
DUTY

SH
O

R
T 

R
A

N
G

E
LO

N
G

 R
A

N
G

E

High viability

Low viability

Possible viability 
(see notes)

Fi gure 1: Potential energy vector suitability for transport modes 
– further detail on classifications can be found in the table which follows
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Road

Passenger 
Car

The primary consumer transport mode accounting for 77% 
of the distance covered by consumers in 2019.5 The majority 
of journeys are <10 miles with vehicles featuring lower 
utilisation and mass movement demands.

Urban and 
Sub-Urban Van

One of two key transport modes for movement of goods and 
services equipment in cities and towns. Energy demands 
are similar to that of passenger cars other than potentially 
greater levels of utilisation.

Powered Light 
Vehicle (PLV)

The other key transport mode for the movement of goods 
in cities and towns. Also used for personal transport. PLVs 
represent <0.5% of UK transport tailpipe GHG emissions 6

and are well-suited to battery electric propulsion due to their 
mass and range.

Bus

Primary urban and sub-urban public transport mode with 
some longer-range rural routes also deployed. Duty cycle is 
more energy demanding than other vehicles owing to greater 
vehicle mass and transient speed demands.

Large Van
and Rigid Axle 

Lorry

Vans and small lorries supporting higher payload and 
distance requirements. Energy demands greater than those 
of smaller vans and passenger cars with longer periods of 
utilisation.

High Mileage 
Car

Small proportion of passenger car segment – primarily 
utilised for commercial purposes. Greater average distances 
incorporating more highway use.

Coach Long-distance bus mode with reduced transient speed 
demands but greater range demands.

Heavy Goods 
Vehicle

Primary road freight mode with significant energy demands 
owing to payload and distance requirements.

Summary of the Ranges and Duty Cycles 
of the Main Transport Modes
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Off-
Road

Non-Road 
Mobile 

Machinery

Heavy duty transport for commercial activity such as 
tractors and construction vehicles. Significant energy 
demands owing to challenging surfaces and need to pull 
and/or power supplementary equipment. Generally feature 
shorter ranges than other heavy duty vehicles.

Rail

Commuter 
Rail

Fixed route transport for urban and suburban passenger 
transport. Efficiency gains compared to road transport 
due to removed tyre deformation resistance. High energy 
demands due to vehicle mass requirements.

Intercity and 
Freight Rail

Longer-range fixed route transport for intercity travel. 
High energy demands due to vehicle mass and distance 
requirements. 

Sea

Light and 
Leisure Boat

Small boats with low energy and range demands. Light 
and leisure boats represent <0.5% of UK transport GHG 
emissions7 and are not discussed in detail in this document.

Inland 
Waterway 

or Port Ship

Larger ships used for inland transport (such as river 
passenger ferries) or port activities (such as tugboats). 
Greater energy demand owing to vessel mass generally 
required over short distances.

International 
Shipping

Freight ships with high energy demand to meet significant 
mass movement requirements over long distances.

Air

Domestic 
Aviation

Aircraft meeting domestic/local aviation demand. Aircraft 
mass is lower (reduced passenger occupancy) and journeys 
are typically 350-500 miles.6 Greater energy demand per unit 
mass moved compared to surface transport modes.

International 
Aviation

Aircraft meeting international aviation demand. Aircraft 
are larger and heavier with greater passenger occupancy 
requiring significant energy demand for the smallest mass 
and volume of all modes.
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Transport: Energy 
Provision, Storage, 
and Conversion3
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Transport is at the heart of the greenhouse 
gas emission (GHG) reduction challenge.  
Even with improvements in effi  ciency, more 
electric vehicles on our roads, and a greater 
percentage of biofuels blended into the fuel –  
sector GHG emissions have remained steady 
since 1990.7

The downstream sector is experienced in 
the manufacture and provision of all energy 
vectors and has demonstrable expertise 
in the accounting of their net well-to-tank 
(WTT) GHG emissions. Furthermore, in 2019, 
the UK’s transport sector consumed 659 
TWh of energy, of which 96% was provided 
by the downstream sector.

Decarbonisation of transport will be vital in 
reaching the UK’s Net-Zero target, however, 
transport has other environmental impacts 
that must be considered as part of this 
transition, e.g. air quality, UK supply chain 
resilience, and raw material demand.
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3.  Transport: Energy Provision, 
Storage, and Conversion

3.1  The Greenhouse Gas Emission 
Reduction Challenge

In May 2019, the Climate Change Committee 
(CCC) published their Net-Zero Report,8

and accompanying technical report,9

recommending to the UK Government a 
new emissions target for the UK: Net-Zero 
greenhouse gases (GHG) by 2050. This target 
– a response to increased concentration 
of GHG emissions from human activity 
– was subsequently adopted by the UK 
Government and enshrined in law.10

By 2019 the UK had, in fact, already initiated 
economy-wide decarbonisation, with most 
sectors reducing their GHG emissions vs 
1990 levels, but transport in-use emissions 
have remained broadly steady. There 
have been improvements – notably in the 
efficiency of internal combustion engine (ICE) 
technologies – that have improved average 
per-vehicle emissions. However, sector GHG 
emissions have remained level as overall 
distances travelled have increased.7

Not all emissions for the transport sector 
occur in-use and it is important to note 
the manufacture of a vehicle itself also has 
significant cradle-to-grave GHG emissions 
(see section 4.2.1)1 that must be accounted 
for, particularly when considering a Net-
Zero target. Currently, all motored transport 
modes have a lifecycle GHG emissions 
impact – even if their tailpipe GHG emissions 
are zero – and to meet Net-Zero, it is 
these emissions right across the lifecycle 
of all vehicles and their use that must be 
decarbonised. Climate scientists are clear 
that GHG reduction opportunities missed 
in the short-term will be more difficult and 
costly to abate in the long-term.

3.2 Transport Energy Provision in the UK
In 2019, the UK’s transport sector consumed 
659 TWh of energy, of which 96% was 
provided by the downstream sector,2 with the 
remainder electricity.11 To date, prioritisation 
of movement at the lowest cost has led to the 
proliferation of transport powered by fossil-
derived fuels, but this could change in future 
to take into account other important factors 
– environmental in particular. The additional 
and urgent priority to reduce net GHG 
emissions of transport highlights the need 
to reduce the use of fossil-derived fuels and 
embrace the range of technologies available 
to meet the scale of demand currently 
supplied by crude oil derived energy.
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There are three important facets to transport 
energy provision. In the UK, all motored 
transport – whether electric or combustion 
– is dependent on both energy transfer and 
energy conversion, with a third dependency 
for most transport operations (except where 
in-operation energy transfer can occur, such 
as rail) being the requirement for on-board 
energy storage.    
The primary energy vectors available for 
transport include liquid fuels, carbon-based 
gaseous fuels, hydrogen, and electricity. 
Bringing together the current needs (energy 
transfer, conversion, and storage) together 
with the drivers (cost and sustainability), 
there are five considerations that can shape 
our thinking about future transport energy 
provision. These considerations are simply 
captured for the main energy vectors on the 
next page.
Vitally, all energy vectors can reach very 
low or Net-Zero carbon emissions. It is also 
noteworthy that no energy vector works for 
every consideration highlighted in the table, 
and when considering current capacity 
there are some limitations in the lowest 
GHG emission options such as hydrogen, 
highlighting the need for all technologies. The 
International Energy Agency (IEA) recently 
reinforced this point stating that “a broad 
range of different technologies working 
across all sectors of the economy” would be 
required to have a chance of achieving Net-
Zero GHG emissions.15

The downstream sector is experienced in 
the manufacture and provision of all energy 
vectors and has demonstrable expertise 
in the accounting of their net WTT GHG 
emissions. Furthermore, the sector plays 
a crucial role in enabling the storage of 
electricity, with the UK being the largest 
producer of high-grade graphite coke for 
anodes in lithium-ion batteries in Europe.16

Similarly, new roles may emerge, as the 
wider energy systems transform, with the 
potential for use of existing downstream oil 
infrastructure for storage and distribution of 
renewably-sourced products like hydrogen or 
synthetic fuels. Surplus renewable electricity 
could also be converted via electrolysis of 
water into easier to store products, stored 
and distributed through these facilities.17

The downstream sector 
is experienced in the 
manufacture and provision 
of all energy vectors 
and has demonstrable 
expertise in the accounting 
of their net well-to-tank 
and greenhouse gas 
emissions.
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Liquid Fuels Gaseous Fuels Hydrogen Electricity

Manufacture 
Cost

Intermediate for 
low Well-to-Tank 
(WTT) emissions

Intermediate 
for low WTT 
emissions

Currently high 
for low WTT 
emissions

Intermediate to 
low for low WTT 

emissions

WTT GHG 
Emissions 
Reduction 
Potential

Up to 90% 
reduction for bio-
derived12 , up to 

100% reduction if 
renewable energy 

derived

Up to 90% 
reduction for bio-
derived12, up to 

100% reduction if 
renewable energy 

derived

Up to 100% 
reduction if 

renewable energy 
derived

Up to 100% 
reduction if 

renewable energy 
derived

Transfer/ 
Movement 
Complexity

Tankers and 
pipelines 

available, minimal 
input energy 

required

Energy required 
for compression, 
smaller unit size

Further energy 
required for 

compression 
and volatility 

considerations

Minimal at grid 
level other than 
intermittency 
management, 

some low voltage 
network challenges

Transfer / 
Infrastructure 

Readiness

Infrastructure and 
standards in place

Infrastructure 
development 
needed for 
transport, 

standards in place

Minimal 
infrastructure 

available 
but under 

development

Infrastructure 
development 

needed for scale, 
standards in place

On-Board 
Storage Energy 

Density

High by volume 
and mass High by mass High by mass

Limited by 
chemical battery 
energy density

Primary Energy 
Input and 

Availability

Finite biomass, 
highest renewable 
energy input for 

e-fuels

Finite biomass, 
highest renewable 
energy input for 

e-fuels

High renewable 
energy input 

for electrolysis-
derived

Unlimited - limited 
only by generator 

capacity

Current Use 
in Transport 

(2019)13,14

3.2% of energy 
used in transport

0.13% of energy 
used in transport

0% of energy 
used in transport

0.83% of energy 
used in transport

 Table 1:  
Summary of relative qualitative decarbonised 
transport energy vector considerations

= high potential or viability

= possible potential or viability

= low potential or viability
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3.3  Other Environmental and 
Socioeconomic Impacts

Decarbonisation of transport will be vital in 
reaching the UK’s Net-Zero target, however, 
transport has other environmental impacts. 
These are outlined here as they will also 
shape the future of mobility in the UK, but 
are not discussed in detail in this document.

3.3.1 Air Quality
Vehicles have faced increasingly stringent 
tailpipe regulations to address air quality with 
excess levels of air pollutants in urban areas 
due to be tackled via the implementation 
of emissions zones. Sulphur oxide (SOX) 
emissions have been reduced to near zero 
for UK road transport, with sulphur having 
been removed from road fuels, and 2020 
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saw  the mandated global reduction of 
sulphur emissions for ships – although strict 
limits have been in place for UK waters for 
some time. Nitrogen Oxide (NOX) emissions, 
while reduced from transport by 47% since 
2000, will remain of concern while pre-Euro 
6 and Euro VI vehicles remain a significant 
proportion of the vehicle fleet.18 Particulate 
Matter (PM) emissions have decreased by 
over 40% over the last two decades but will 
not be easily reduced further with a change 
to electric vehicles, as road transport PM 
emissions are not only from the tailpipe 
(where even the latest diesel ICEs have very 
low emissions)19 but also from road, tyre, 
and brake wear.
DEFRA have published a Clean Air Zone 
(CAZ) framework20 offering a template 
approach for local authorities to adopt. 
The idea is that there will be similar 
ICE-vehicle emissions standards in the 
strictest emissions zone class (D) across 
cities, although some cities have already 
implemented ultra-low emissions zones.21

The first in the UK applicable to passenger 
cars was the London Ultra Low Emissions 
Zone (ULEZ),22 and it is planned that 
Birmingham and Bath will implement Class 
D and Class C CAZs respectively in 2021.23,24

Some local authorities have opted to deviate 
from the DEFRA CAZ framework and plan to 

implement powertrain-specific restrictions – 
notably Bristol and Oxford.25,26

As the UK vehicle market is deeply 
intertwined with that of mainland Europe, 
it is expected that UK vehicle emissions 
standards moving forward will remain in 
line with those maintained by the European 
Union (EU).
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3.3.2 Raw Material Demand
Increased powertrain technology diversity 
in the UK – particularly the proliferation 
of battery electric and fuel cell electric 
powertrains – will require growth in raw 
material extraction. For example, the 
increased manufacture of battery electric 
vehicles (BEVs) has implications for demand 
of multiple metal elements, and the proton 
exchange membrane (PEM) of hydrogen fuel 
cells requires platinum. This can have an 
impact on product lifecycle considerations 
such as toxicity, water use,27 and social risks, 
where growing awareness will likely demand 
further supply chain transparency.28

Raw material availability, as well as 
extraction considerations, will play a part in 
shaping the future of UK transport. In 2019, 
many leading scientists in the UK sent a 
letter to the Committee on Climate Change 
highlighting that to achieve an entirely BEV 
car and van vehicle parc in the UK – even 
with the currently most resource-frugal 
NMC 811 batteries – would require double 
the current global production of cobalt, 
and three quarters of the world’s lithium 
production.29 Moving forward, the UK has 
the opportunity to become a world leader 
on the sustainable sourcing requirements 
for vehicles and energy vectors as well as 
ensuring that recycling of materials reduces 
the long-term need for virgin materials.

3.3.3 UK Supply Resilience
The shift to energy vectors based on 
renewable electricity and biomass will evolve 
the current UK energy supply dynamic – 
resulting in new benefits and risks. Increase 
in biomass demand will necessitate an 
improved domestic supply chain and is likely 
to also result in a reduction in the import 
of crude oil. Sustainable biomass with low 
indirect land use change (ILUC) emissions 
is a finite resource, with the likelihood 
that other countries will also be adopting 
competing transport decarbonisation 
policies. Encouragingly, an increase in 
domestically generated renewable energy 
could afford the UK some energy resilience 
benefits for EVs, as well as production of 
green hydrogen and e-fuels.
However, the increased demand for vehicles 
utilising these energy vectors is likely to 
result in a reduction in product supply 
resilience. There is currently limited battery 
manufacturing capacity in the UK, with 
demand due to be met predominantly by 
imports at least into the 2020s. Therefore, the 
UK’s future of mobility may be underpinned 
by a shift in energy dependency to product 
supply dependency that may ultimately shift 
price volatility – and resultant costs on the 
end-user – from the in-use phase to the 
upfront phase of vehicle ownership.
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The Energy Vector 
Transition4



21

A systems-based approach is crucial 
to reducing emissions, especially when 
considering emissions must be Net-Zero 
across the whole economy, with knock-on 
eff ects in one policy area having the potential 
to cause problems in others.

The concept of product lifecycle GHG 
emissions is the next frontier in emissions 
accounting. To truly account for the net GHG 
emissions impact of transport (and indeed 
any product), one must consider the GHG 
emissions impact over the full lifecycle – 
‘from cradle-to-grave’.

Off ering a quality end-user experience can 
help accelerate the transition to renewable 
based fuels and energy vectors. 

Other GHG reducing initiatives such as 
off setting and nature-based solutions or 
alternative fuel models can play an important 
role as part of the transition to Net-Zero in 
transport.
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4. The Energy Vector Transition

4.1  Systems Approach to Decarbonisation
The DfT’s Science Advisory Council 
(SAC) highlighted in their 2020 position – 
regarding transport research and innovation 
requirements to support the decarbonisation 
of transport – that the challenge of 
decarbonisation must be viewed through 
the lens of energy vectors and the net GHG 
emissions impact of these energy vectors.30

This principle is also highlighted by Energy 
Systems Catapult (ESC) who highlight in 
their ‘Innovating to Net Zero’ report 31 that a 
whole systems approach to energy uses and 
vectors must be adopted to understand and 
address the Net-Zero challenge.
The importance of a systems approach to 
transport decarbonisation is also recognised 
internationally. For example, The US National 
Renewable Energy Laboratory have recently 
published their vision for decarbonising 
transport highlighting the importance 
of considering interdependencies in the 
transport and buildings energy systems.32

The analysis also highlights the importance of 
assessing energy vector suitability based on 
duty cycle, reporting conclusions consistent 
with those of UKPIA’s in section 4.3.
Whilst a systems approach may not 
perfectly align with existing regulations that 
focus mainly on in-use or well-to-tank (WTT) 
emissions, it will be important to deliver 
net GHG emissions reductions across the 
whole economy. Thinking about the whole 
lifecycle emissions of both a vehicle and 
the energy it uses will enable a system wide 
decarbonisation of transport while flagging 

dependencies and knock-on effects in other 
parts of the economy to reach Net-Zero.

4.2 Product Lifecycle GHG Emissions

4.2.1 Constituent Analyses
In-use emissions are only part of the GHG 
emissions footprint of transport – to truly 
account for the net GHG emissions impact 
of transport (and indeed any product), one 
must consider the GHG emissions impact 
over the full lifecycle – ‘from cradle-to-
grave’ – in order to make effective decisions 
about where and how emissions can be 
most efficiently and effectively reduced. The 
constituent analyses of a cradle-to-grave 
lifecycle analysis (LCA) are:

•  Cradle-to-gate (manufacturing including 
raw material extraction) emissions

•  In-use (tailpipe and maintenance) 
emissions

• Energy vector well-to-tank emissions
•  End of life (re-purposing or disposal) 

emissions

4.2.2 Existing Approaches and Studies
Each constituent analysis identified in 4.2.1 
is well-understood in existing frameworks, 
with: 

•  Cradle-to-gate emissions analysis 
in widespread use by many Original 
Equipment Manufacturers (OEMs) for a 
number of years;33

•  In-use tailpipe CO2 emissions regulated in 
the UK since 2015,34
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•  Well-to-tank GHG emissions of fuels an 
essential consideration for fuel suppliers 
of greater than 450,000 l/year under the 
UK’s renewable fuels regulations , 35,36;

•  End of life of vehicles (ELVs) subject to 
minimum reuse and recovery targets 
since 200637 (although associated GHG 
emissions are not accounted for in the 
regulations).

The challenge to resolve in the short-term is 
to combine existing lifecycle GHG emissions 
assessments and assigning pragmatic and 
consistent boundary conditions.
Extensive studies have been conducted 
on the lifecycle GHG emissions of road 

transport,38-41 with studies also conducted 
on bunker fuel WTW GHG emissions38

and sustainable aviation fuel (SAF) GHG 
emissions,42 highlighting that this is an area of 
increasing focus for transport policymakers 
for all modes. Given the importance of 
such an approach in meeting the target of 
Net-Zero GHG emissions by 2050, and the 
complexity in combining partial lifecycle 
analyses, a move to frameworks that 
consider transport lifecycle GHG emissions 
is gaining increasing support amongst 
industries that view a holistic approach as 
essential for the cost-effective, technology 
neutral decarbonisation of products.43-45

F igure 2:  Schematic of cradle-to-grave lifecycle analysis and constituent analyses

Vehicle Production
The environmental impact of

vehicle production including raw
material extraction, processing,

parts manufacture, logistics, and 
assembly

Energy Vector Production

Use

The environmental impact of
producing the transport energy 

vector(s) from the primary energy 
source to the point of distribution

The environmental impact of
driving/vehicle use

&
The environmental impact of
servicing and maintenance

End-of-Life

The environmental impact at the
end of product life including the re-

use of components, recycling
materials, energy recovery, and 

disposal

Cradle-to-Grave

Well-to-Wheel (WTW)

Embedded Emissions

Cradle-to-Gate

Well-to-Tank (WTT)



24

The Future of Mobility in the UK  |  March 2021

4.2.3  L ifecycle GHG Emissions by 
Powertrain and Energy Vector

Whilst there is a degree of variation in lifecycle 
studies of passenger cars – predominantly 
due to variations in boundary conditions – 
the extent and refinement of studies has 
resulted in conclusions coalescing around 
several key themes:

•  The cradle-to-gate GHG emissions of BEVs 
are greater than for ICE and hybrid vehicles 
(a range of 1.3-2x higher)46, resulting in an 
‘emissions debt’ at the point of sale.

•  With the UK grid, which has significant 
renewable generation, and a road fleet that 
is principally powered by fossil-derived 
fuels at present, the ‘emissions debt’ is 
surpassed under common ownership 
mileages (<50,000 miles47).

•  The lowest lifecycle CO2 emissions for cars 
combine the lower cradle-to-gate emissions 
of a diesel ICE vehicle with the low WTT 
emissions of biomass derived diesel. 

•  Hydrogen fuel cell vehicles (FCEVs) are 
generally assessed to result in cradle-
to-gate emissions somewhere between 
ICEs and BEVs making use of low-carbon 
hydrogen vital to realise GHG savings.

A move to frameworks 
that consider transport 
lifecycle GHG emissions is 
gaining increasing support 
amongst industries that 
view a holistic approach 
is essential for the cost-
eff ective, technology 
neutral decarbonisation 
of products

Finding 1: 
Considering full cradle to grave product 
lifecycle GHG emissions and regulation 
for primary transport modes is likely to 
contribute to the most efficient delivery of 
Net-Zero
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These conclusions can be used to identify 
significant areas enabling GHG emissions 
reduction – for example, the importance of 
lowering the cradle-to-gate emissions of 
vehicle manufacture. Companies are taking 
the lead, for example with Volkswagen’s 
new ID.3, where VW claim carbon neutrality 
for several aspects of the vehicle lifecycle 
including the use of ‘green energy’ in the 
battery manufacture and vehicle assembly.49

Another conclusion is of the importance of 
domestic manufacture of vehicles, which 
offers demonstrable benefits in terms of grid 

intensity, reduced logistics and, therefore, 
GHG emissions, although domestic supply 
routes may not always be the most carbon 
efficient. Nonetheless, investment from 
OEMs in growing UK manufacture needs to 
be attracted or such benefits risk remaining 
‘on-paper’. In 2019, the UK manufactured 
1.38 million vehicles of which 1.056 million 
were exported, so while the UK is the fifth 
largest car manufacturer in Europe, carbon 
emissions would be lower if more of the 
vehicles produced stayed in the UK market.50

Figure 3: Lifecycle CO2 emissions of mid-size vehicles propelled by liquid fuel, 
battery-electric, and fuel cell-electric powertrains.48
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Finding 2: Placing the downstream and 
automotive sectors at the forefront of COVID 
recovery and long-term UK trade strategies 
can grow domestic supply chains early while 
decarbonising long-term.

4.3  Transport Fuels: from Fossil-derived 
to Renewable

The energy production (well-to-tank) and use 
(tank to wheel) phases of GHG emissions 
can be combined to account for the well-
to-wheel (WTW) emissions of a vehicle. 
The previous sections have discussed the 
current and potential GHG emissions of 
various energy vectors, however, thus far 
have not explored a critical component: 
availability to the end-user. This section 
considers the future development and likely 
experience of nation-wide provision for the 
primary energy vectors with conclusions 
outlined in this section consistent with the 
roadmaps highlighted in the latest Advanced 
Propulsion Centre (APC) Transport Energy 
Network report.51

4.3.1 Electricity
For light duty road vehicles, consumers 
are now offered a choice of powertrain 
technologies, as EVs gain far greater market 
share. Such choice is possible not only 
due to the vehicle availability for purchase, 
but also the availability of battery charging 
infrastructure. The downstream sector is at 
the forefront of charging provision, as well 
as battery material manufacture, with UKPIA 
members offering the largest public EV 
charger networks in the UK (also powered by 
certified renewable energy).52,53 The sector’s 
8,390 retail forecourts54 - which together 
with motorway service stations in 2020 had 
1,066 available EV charging devices3 - will 
continue to be the vehicle re-energising 
hubs for the consumer with new offers such 
as EV charging (see 5.5).
Across all transport modes, a shift to 
electrification may be limited by a number of 
challenges:

 1. Suitable infrastructure deployment.
 2. Battery energy storage density.
 3.  Availability of required materials and 

complexities involved in recycling 
(as considered in 2.3.2.)

Infrastructure deployment is predominantly 
an economic and practical challenge. The 
adoption of EVs has in part been slowed by 
consumer concerns over charger availability, 
reliability, payment convenience and upfront 
cost.55 However, as the portion of EVs in 
the UK vehicle parc grows, confidence in 
investing in EV charger infrastructure will 
increase.

Finding 2: 
Placing the downstream and automotive 
sectors at the forefront of COVID recovery 
and long-term UK trade strategies can 
grow domestic supply chains early while 
decarbonising long-term.
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The UK government has already made 
important steps to address some of these 
concerns, such as mandating that new 
‘rapid+’ chargers must offer a pay as you 
go option for payment, and financially 
supporting EV charger installation.56,57

However, significant strides must still be 
made in expanding the EV charger network, 
and ensuring similar levels of service and 
reliability to the consumer experience 
of liquid fuel dispensing, to support the 
adoption of this energy vector. Finding 4: 

Publication of thorough, dedicated 
guidance for the safe installation of EV 
chargers at dedicated sites or existing 
retail forecourts may reduce local planning 
consent issues.

Finding 3: 
Reducing or removing the regulatory 
burdens for Distribution Network Operators 
(DNOs) can enable local networks to be 
upgraded and support the installation of 
substations for EV charging e.g. allowing 
DNOs to invest ahead of need with regards 
to EV charging infrastructure.
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Even the most optimistic energy density 
predictions for batteries indicate future 
energy content an order of magnitude 
below liquid fuels – including accounting 
for ICE’s lower conversion efficiency.58 This 
will present particular challenges for long-
range, heavy duty transport unless there 
is energy transfer during the journey such 
as via overhead catenary (OHC). Electric 
vehicles of the future could be split into (at 
least) two categories of on-board chemical 
battery storage for shorter range, light 
duty applications and OHC supply for 
fixed route applications (such as trains and 
guided busways where the infrastructure is 
practically implementable). 
It should also be noted that the rapid 
electrification of UK and European vehicles 
will stretch the battery supply chain – even 
with its rapid rate of growth – with lithium 
demand currently forecast to outstrip all 
projects that are operational, planned, 
unfinanced and recycling initiatives.59 Similar 
concerns could also emerge for other battery 
component materials like cobalt or nickel, 
although new battery chemistry is being 
developed which may change the resource 
demand to more abundant materials.60

Recycling of battery materials also has 
significant potential to contribute alongside 
or ultimately instead of virgin materials – 
something that is already being considered 
by the Faraday Institution.61

In terms of supply, increased electricity 
required to meet increased demand for 
vehicle charging must continue to be 
renewable (in addition to that required 
to further decarbonise existing supply), 
ensuring low (and eventually zero) WTW 
GHG emissions for this energy vector. 
This renewable energy will also need to be 
balanced at the local network level, with 
smart charging utilised to both support the 
consumer’s residential vehicle re-energising 
needs whilst smoothing electricity demand.

Finding 5:
It is important that the finite pool of battery 
materials and batteries themselves are 
utilised in the most appropriate transport 
modes – short range and light duty – and 
in a sustainable framework where battery 
lifecycle planning pays more attention 
to responsible sourcing and end-of-life 
concepts than is currently the case.62

Fi nding 6: 
Supporting the market-led introduction 
of smart-charging could boost cost-
effective and innovative approaches for 
the consumer in the EV space.
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4.3.2 Hydrogen
The last section explored the challenges 
for electrification highlighting why other 
technologies are likely to be needed 
alongside mass electrification of transport. 
Hydrogen is one such technology and 
offers greater energy density than batteries 
and more rapid energy transfer whilst still 
producing zero TTW GHG emissions.63

Hydrogen must be produced either from 
renewable electricity or via captured CO2 to 
have low WTT GHG emissions (necessitating 
additional energy input versus direct 
electricity transfer), and requires dedicated 

infrastructure additional to that of electricity 
and liquid fuels. Therefore, on the road, 
hydrogen is most suitable for long range 
and/or heavier duty applications where there 
is a captive fleet returning to depots (such as 
suburban buses) or re-energising hubs may 
support long-range travel (such as heavy 
goods vehicles). Light duty vehicles with 
high levels of utilisation may also be better 
suited to hydrogen-based propulsion owing 
to the shorter re-energising periods offered 
(with Green Tomato Cars’ use of the Toyota 
Mirai an early example).64

Figu re 5: Transport modes suitable for 
hydrogen-based propulsion based on range and duty cycle
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For now, a significant drawback of 
hydrogen use in road transport is the lack 
of infrastructure. The European Automobile 
Manufacturers Association (ACEA) have 
identified that at least 500 hydrogen refuelling 
stations are required across Europe by 2030 
to satisfy hydrogen heavy goods vehicle 
(HGV) energy demands.65 Recognising 
that whilst electric drive (motors) should 
be widely adopted for their conversion 
efficiency, multiple complementary input 
energy vectors can be pursued to power 
them – including hydrogen.  

For non-road transport, hydrogen is attractive 
for rail that is challenging to electrify via OHC, 
with the UK first trial of a hydrogen fuel cell 
train taking place in the Midlands.66

Arguably, the largest off-road future 
application for hydrogen lies with the 

difficult-to-decarbonise maritime sector 
where larger vessels, with high utilisation 
and minimal stationary or manoeuvring time, 
will be attracted to energy dense, quickly 
energised hydrogen powertrains. However, 
for the scale required the hydrogen may be 
supplied via an intermediate vector such as 
ammonia. The current limited availability of 
green and blue hydrogen means this must 
currently be considered a medium-to-
long-term option as addressed in Chapter 
8. However, allowing for development of 
hydrogen from all sources (at least low 
carbon intensity production technologies) 
should lead to earlier deployment at scale of 
hydrogen as an option.
Finally, considering air travel, Airbus have 
confirmed their ambition to develop the 
world’s first hydrogen propelled commercial 
aircraft by 2035.67 The same aforementioned 
energy density, transfer, and zero WTT 
GHG emissions potential are drivers behind 
Airbus’ pursuit of the concept. It is likely 
that hydrogen use in aircraft in the coming 
decades will be limited to short-range flights 
where battery electrification is not viable. 
A summary of the suitability of hydrogen for 
transport modes can be found in Figure 5.

Fin ding 7: 
Providing public funding support for a 
hydrogen HGV commercial demonstration 
project in the UK could help overcome early 
concerns over a lack of infrastructure.
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4.3.3 Low Carbon Fuels
The potential for both electrification and 
hydrogen shows that – with increasing 
levels of renewable electricity production 
– widespread use of zero carbon energy 
vectors can become a reality for UK transport 
in the future. However, the climate challenge 
demands immediate action, and low 
carbon fuels offer the most readily available 
displacement of the currently predominant, 
fossil-derived, carbon-based fuels/chemical 
energy vector. Low carbon fuels for transport 
in the UK are defined by the sustainability 
criteria set-out in the Renewable Transport 
Fuel Obligations Order 2007 (as amended).35

Over time, low carbon fuels can be replaced 
by a wide range of climate neutral fuels 
(and fuelling models – see 4.4.2) to power 
UK transport with Net-Zero emissions. 
Their deployment can continue as needed 
depending on climate neutrality, other 
environmental factors and supply – for 
example in the case of limited feedstocks 
they can be diverted to aviation and 
marine as light duty vehicles are 
electrified. It is for these reasons that one 
of the recommendations by the IMechE 
in its ‘Accelerating Road Transport 
Decarbonisation’ report was for “substantial 
investment (similar to that provided for 

Figur e 6: Transport modes most suitable for low carbon fuel propulsion based on range and 
duty cycle (assuming limitations to renewable fuel feedstocks/primary energy)
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battery electric vehicles and charging 
infrastructure) in sustainable and low-carbon 
fuel development and associated internal 
combustion engine technology.”44

E-fuels may also play a role in the 
decarbonisation of high energy density 
demand sectors such as aviation. Losses 
incurred via the energy input phase may 
be offset by the efficiencies gained in 
infrastructure and fuel quality. E-fuels 
manufactured in markets with greater 
renewable energy resources – such as solar 
in North Africa – could be readily imported 
using existing UK import infrastructure.68

As explored in depth in the TTI Report, 
multiple options exist to produce low carbon 
fuels; from hydrogenated vegetable oil (HVO), 
to lignocellulosic residues as feedstocks, 
to the production of e-fuels for hard-to-
decarbonise sectors such as aviation.
While vehicle and supply infrastructure could 

make use of low carbon liquid fuel options, 
the economic incentive to shift away from 
fossil-derived fuels to towards renewable 
options is currently limited. A product lifecycle 
emissions based regulatory framework, 
embedding WTT GHG emissions into UK 
fuels policies can accelerate the deployment 
of renewable fuels in the UK by making low-
carbon options preferable to more carbon 
intensive equivalents. In Germany, a WTT 
GHG reduction target for fuels with a carbon 
cost for under-delivery of the target has 
proven to be an effective means of driving 
WTT GHG emissions reductions.69

The downstream sector has demonstrated 
its support for increased deployment of 
low carbon fuels in the UK in the immediate 
term by fully supporting the mandated 
introduction of E10 petrol and increasing the 
buy-out price of the Renewable Transport 
Fuel Obligation (RTFO). 

A product lifecycle 
emissions based regulatory
framework, embedding 
well-to-tank GHG emissions 
into UK fuels policies can 
accelerate the deployment 
of renewable fuels in the UK

Finding 8: 
Accelerating the transition of liquid 
fuels from fossil-derived to biomass- 
or renewable energy-derived is a no-
regret option for the UK as almost 
all transport modes could be at least 
incrementally decarbonised in the short 
term with such a change (aviation may 
be challenged due to strict fuel quality 
and supply requirements). 
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Longer-term, it is likely that low carbon 
fuels will then meet demand for applications 
technically or economically unviable via 
electricity or hydrogen. Figure 6 summarises 
these possible longer-term low carbon fuel 
deployment options in the coming decades:

4.4 Other  GHG Reducing Initiatives
In order to meet the challenge of Net-Zero 
by 2050, significant GHG reductions may 
also need to be made via other routes if 
total carbon-neutrality is not possible with 
the options explored so far. The many 
technologies available to reduce the carbon 
intensity of fuels have been explored in 
detail in other UKPIA reports (Future Vision, 
2019, and TTI Report, 2020) but two other 
considerations that are relevant to the 
provision of transport energy vectors are 
outlined in this section - offsetting and 
nature-based solutions and alternative 
fuelling models.

4.4.1  Offsetting and Nature Based 
Solutions

Offsetting schemes are growing in popularity 
with new consumer offerings being 
developed. In recent years, downstream 
retailers such as bp and Shell have integrated 
carbon offsetting optionality into their fleet 
fuel card and consumer loyalty schemes,70,71

enabling drivers to support initiatives 
offsetting the CO2 emissions produced from 
their fuel use.
There are also products seeking to offer 
offsetting directly to the consumer, with 
apps such as VYVE providing the means 
for consumers to input their journeys by 
different transport types and offset their 
transport GHG emissions accordingly.72

Offsetting schemes are not limited to road 
transport. In order to reduce its net GHG 
emissions impact, the aviation sector has 
established the Carbon Offsetting and 
Reduction Scheme for International Aviation 

Findi ng 10: 
Fuel duty offers a primary government 
lever to influence consumer behaviour 
towards low-carbon liquid fuels if scaled 
according to a fuel’s carbon intensity, 
(captive fleets seeking to adopt higher 
blend biofuels may be an early adopter).

Finding 9: 
The UK renewable transport fuel 
regulations review in 2021 offers the 
opportunity to consolidate  and develop 
a new UK GHG emissions reduction 
target. Opportunities to incentivise new 
technologies should include support 
for blue or green hydrogen used in 
manufacture of fuels as is already allowed 
in some other countries.
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(CORSIA). The scheme is currently voluntary, 
with the pilot phase due to commence in 2021 
and with a view to establishing a pan-industry 
approach via the International Civil Aviation 
Organisation (ICAO).73 Similarly, it may be 
that offsetting of emissions can be achieved 
through use of technical solutions such as 
Direct Air Capture and Storage (DACCS) 
and other carbon capture techniques that 
permanently sequester carbon (industrial 
applications have been explored further in 
UKPIA’s Future Vision report).74

4.4.2 Alter native Fuelling Models
A current limitation in terms of low carbon 
fuels development has been finding sufficient 
scale to improve their commercial viability. A 
potential solution to this is the implementation 
of an investment framework operating in 
parallel with an emissions regulation (e.g. 
tailpipe emissions standard) that can enable 
suitable levels of investment for low carbon 
energy scale-up. In turn, the investor (likely a 
vehicle manufacturer or fleet operator) may 
then claim GHG emissions savings towards 
their GHG obligation through fulfilment of 
the ‘contract’ – an approach that has been 
explored in depth by Cerulogy.75 The wider 
policy frameworks that could incentivise 
investment in low carbon solutions are 
identified in the FuelsEurope “Clean Fuels 
For All” report.75,76

Such an approach does not require 
restructuring of existing GHG regulatory 
frameworks, but would complement them, 
and provide much needed upfront fiscal 
support for more difficult to decarbonise 
transport modes such as heavy goods 

vehicles, and could also be developed for 
adoption in passenger cars with some form 
of upfront fuel purchase providing suitable 
investment certainty.

Findi ng 11: 
Developing a viable framework for low 
carbon energy vector investment contracts 
linked to existing emissions obligations 
could promote early adoption of low-carbon 
solutions in a technology neutral way. 
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Mobility Paradigm Shift

5
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In addition to energy vectors transitioning 
to renewable sources (see Chapter 4), 
consumers’ lifestyles and their associated 
approach to transport must also transform 
to meet Net-Zero.

 The eff ect of COVID-19 has meant the 
UK population has changed its transport 
patterns signifi cantly but the long-term 
continuation of these changes is uncertain.

Hyper-proximity of townsites and the 
development of mobility-as-a-service, 
such as ride-sharing companies can off er 
effi  ciencies in transport demand. 

Technological advances such as block-
chain, autonomous vehicles, consumer 
convenience technology and micro-mobility 
like electric scooters will all be critical to 
off ering a more sustainable way of travelling. 
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5. Mobility Paradigm Shift

The UK faces a significant challenge in 
displacing and reducing its transport energy 
demand with low and eventually Net-Zero 
carbon energy vectors. Technologies explored 
in Chapter 3 will go a considerable way to 
displacing current emissions but reducing 
overall demand offers an efficient means 
to reduce GHGs too. Minimising transport 
requirements (such as reduced commuting), 
integrating transport systems (such as multi-
modal routing), and aggregating journeys 
(such as by pooling and consolidation centres) 
will all play their part in ensuring UK transport 
is decarbonised as rapidly as possible whilst 
maintaining options for the consumer and 
economic growth.
In their Innovating to Net-Zero report, the 
ESC highlight that in addition to energy 
vectors transitioning to renewable sources, 
consumers’ lifestyles and their associated 
approach to transport must also transform 
to meet Net-Zero.31 This chapter will 
explore some non-energy variables that will 
influence consumer behaviour and provide 
more efficient energy vector use.

5.1 COVID -19 Movement 
Restrictions
National movement restrictions 
implemented to prevent the spread 

of COVID-19 have forced the UK 
population into practising new means of 
working and adopting new demand patterns 
on mobility. Demand for commuting into 
urban centres – and therefore public 
transport – has significantly decreased and 

 it is unclear whether demand will recover to 
pre-COVID levels as remote working patterns 
are embedded into company operations.77

Social distancing requirements will further 
reduce demand on shared transport such 
as public transport and pooled/ride-sharing 
schemes. As these requirements are relaxed 
in the years ahead there may be some 
return in demand, however it is unlikely to 
return to pre-COVID levels as consumers 
increasingly adopt remote working and 
socially-distanced mobility offerings such 
as private car ownership or mobility-as-a-
service (MaaS – see 5.3).78

While many societal changes seen during 
COVID might improve transport sector 
efficiency and decarbonisation (WFH, 
MaaS, micromobility), the potential shift to 
use of private cars could create a number of 
challenges. After significant improvements 
in air quality following the introduction of 
movement restrictions, NO2 levels in London 
appear to be returning back to pre-COVID 
levels.79 This supports the shift to private 
car use given overall passenger km travelled 
are still reduced compared to pre-COVID.77

Other less desirable impacts are highlighted 
in Table 2.
Micromobility, a planned consideration for 
the government in 2020, has been given 
priority by COVID-19 with the government 
publishing and concluding an e-scooter 
rental consultation and Middlesbrough 
implementing a trial to enable urban mobility 
whilst discouraging consumers returning 
to passenger car use.80,81 2020 has also 
seen expansion of cycle lanes and a cycle 
repair scheme to encourage consumers to 
transition to cycling.82
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5.2 Hyper-Proximity
COVID-19 movement restrictions 
have highlighted the need 
for consumers to have local 

accessibility to essential services. 
In fact, a shift to such an approach in 
urban areas is likely to be needed to meet 
decarbonisation objectives as well. Also 
known as the ‘15 minute city’, this describes 
when “citizens can have all their needs 
met – be they for work, shopping, health, 
or culture – within 15 minutes of their 
own doorstep.”83

Several cities globally – including Paris, 
Ottawa, Melbourne, and Detroit – have 
committed to seeking reduced carbon 
footprints and improved quality of life via 
this concept.84 Another observed benefit 
has been reducing urban habitant short-

term/weekend travel to rural areas, further 
reducing transport energy demand.85

5.3 Mobility as a Service
MaaS is increasingly familiar 
to the consumer in the UK via 
4 increasingly used offerings:

•		On-demand	journeys	including	ride-
sharing schemes (e.g. Uber).

•		Car	club/shared	ownership	schemes	
(e.g. Zipcar).

•	Vehicle	subscription	schemes	(e.g.	Pivotal).
•		Multi-modal	routing	schemes	

(e.g. Citymapper).

All of these options, whilst providing different 
mobility offers to the consumer, also improve 
vehicle utilisation and/or routing efficiency 

GHG Emissions Benefit/Decrease GHG Emissions Detriment/Increase
Reduction in overall passenger km travelled Increased private car use

Increased use of micromobility options 
(reduction in passenger km travelled by car)

Social distancing requirements 
necessitating more public transport 
vehicles to meet equivalent demand

Flatter distribution curve of travel
 during the day

Consumer vehicle purchasing power 
weakened – hampering fleet renewal

Increased use of MaaS = higher modern 
vehicle utilisation

Reduced use of rail for 
long-distance journeys

Reduced aviation activity
Potential for increased congestion if revised 

traffic flows to give pedestrians/cyclists 
increased space are not managed properly

Table 2: Summary of likely GHG emissions benefits and detriments due to COVID-19
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with minimal burden on the consumer 
(e.g. maintenance). In the coming years, it 
is expected that more consumers will shift 
from mobility-as-an-asset (MaaA), such 
as ‘traditional’ car ownership, to utilising 
mobility as a service.
This is expected to decrease the number of 
vehicles on the UK’s roads as each vehicle’s 
utilisation increases and will place an 
increased importance on vehicle downtime – 
periods of maintenance and re-energising.86

Innovative approaches to data analytics 
and integration are enabling efficiencies in 
transport routing via multi-modal offerings. 
For example, the Citymapper app offers a 
mobility subscription and single payment 
platform enabling use on public transport, 
cycles, and taxis in London. 87 Such 
approaches are likely to grow in the 2020s 
and 2030s, integrating across greater 
distances and more transport modes.

5.4 Blockchain
Blockchain, or distributed ledger 
technology, is likely to offer three 
main benefits in the evolution of 

mobility: 

1.  Supporting decentralisation of 
electricity markets

2. CO2 accounting/traceability
3. Logistics efficiencies

As the UK electricity market evolves to 
an increasingly decentralised model for 
efficiencies and resilience, there will be 
increased transactions between players, 
necessitating rapid trading recorded via 
tamper-proof, openly accessible digital 

ledgers – blockchain. 88 Such an approach is 
currently in its infancy, with distributed ledger 
technology currently utilised in restricted, 
private capacities but it could become an 
enabler to supporting cost-effective, flexible 
electricity provision to BEVs.
Further to facilitating the trading of renewable 
energy, blockchain may offer the means 
of rapidly and securely accounting for the 
WTT GHG emissions of renewable energy. 
Iberdrola S.A. are currently operating a pilot 
utilising blockchain to guarantee, in real 
time, that electricity at the point of use can 
be traced back to renewable generation.89

This approach could be extended to 
hydrogen and liquid fuels. Renewable fuels 
are currently assessed and certificated via 
voluntary schemes such as the ISCC, with 
fuel suppliers then using this to evidence 
renewability when claiming renewable 
transport fuel certificates (RTFCs) under 
the Renewable Transport Fuel Obligation 
(RTFO). Blockchain offers the opportunity to 
accurately and securely track a fuel’s carbon 
footprint from feedstock to finished product 
– thus enabling more precise, transparent, 
and less onerous renewable fuel claims 
than in the current RTFO system. Such an 
approach – albeit even more complex – 
could one day be applied across a vehicle’s 
lifecycle from production to end-of-life.88

Finally, blockchain is already being used 
for logistics, with TradeLens, a blockchain 
platform co-developed by Maersk and IBM 
for shipping, now hosting records for more 
than half of the world’s ocean container 
cargo and similar uses expected to grow 
rapidly.90
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 5.5  Consumer Convenience 
Technology

Unlocking vehicles via smartphone 
or wearable kit91 and interacting 

with vehicle features remotely are already 
practical realities, with similar evolutions in 
the vehicle re-energising phase such as app 
payments for fuel.92

The rapid growth of online shopping, 
consumer preference for ‘on-demand’ 
delivery, and need to optimise ‘the 
last mile’ has spurred efforts to align 
efficient, consolidated goods deliveries 
with consumer activities to maximise 
convenience. One such offer is the option 
to collect from delivery lockers – such as 
Amazon Locker93 – at transport hubs such 
as train stations and forecourts. Going a 
step further, Amazon also offer Amazon Key 
in the US, which offers delivery of goods to 
the home or boot of a car while not in use.94 

This grants more flexibility for delivery timing 
to optimise routing. 
Consolidation centres are also likely to 
increase in use as part of further efforts to 
consolidate delivery journeys in urban areas 
to minimise congestion and improve air 
quality. The primary challenge to overcome 
is in establishing the most suitable 
organisational model and ideally multiple 
companies using a single centre.95

5.6 Micromobility
As further explored in section 5.1, 
COVID-19 movement restrictions 

may have accelerated the growth 
of micromobility, with weak economic 

conditions in the early 2020s also offering 

the potential to increase demand for more 
affordable urban travel options such as 
bicycles and scooters versus cars.
This is an area featuring significant
technology activity with offerings from 
established platforms such as TfL’s cycle 
scheme, large technology platforms such as 
Uber, and innovative start-ups such as Bird 
all available in the UK. Micromobility is likely 
to provide important urban transport for 
restricted access cities (such as medieval 
cities) or filling ‘gaps’ in established public 
transport routes – Beryl in Norwich is one 
example of such a technology.93 Given 
likely growth, we will see the UK regulatory 
framework evolve to accommodate 
micromobility options and possibly better 
integrate PLVs into urban and sub-urban 
personal transport (see 6.1).97

5.7 Connected and 
Autonomous Vehicle 
Technology

A disruptive technology to mobility, 
connected and autonomous vehicle (CAV) 
technology will play a potentially large role in 
the decarbonisation of transport by reducing 
energy demand per km travelled. The main 
means by which this is achieved includes:

•  Deploying more efficient operational 
patterns

• Enabling vehicle ‘right-sizing’
• Minimising vehicle downtime
• Improving (air)port operational efficiency

On the road, vehicle to vehicle connected 
technology can enable the execution of more 
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efficient driving patterns to reduce energy 
consumption. The European Commission 
Horizon 2020 ‘ENSEMBLE’ project aims to 
demonstrate a functioning HGV platooning 
programme in the early 2020s that will 
minimise the aerodynamic drag, synchronise 
acceleration and braking and, ultimately, 
improve efficiency and reduce energy 
demand.98

This same concept can be made applicable 
to cars and vans as they adopt increasing 
levels of autonomation. This concept was 
demonstrated by the EC’s Safe Road Trains 
for the Environment (SARTRE) project back 
in 2012.99 On-board CAV technology offers 
further potential in-use energy reductions, 
however, this must be carefully balanced 
with the increased energy demand of the 
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New user groups

Travel cost reduction

Increased features
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Improved crash avoidance

Lower performance

Congestion mitigation

Eco-driving

Platooning

F igure 7:
Impacts of vehicle automation on energy use.99, 100
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technology (see Figure 7).100 Whilst the 
advent of 5G may enable the most energy-
intense processing to take place off-board 
the vehicle, this then increases reliance 
of the system on telecommunications 
infrastructure. It is likely that the most 
energy efficient option with respect to CAV 
technology adoption in passenger cars 
is a degree of automation,  where lower 
processing demand connected technology 
is put to best effect.101

As can be seen in Figure 7, independent 
of the computational processing energy 
consumption, the benefits of CAVs are offset 
to some extent by other sources of energy 
demand – most notably the likely increase 
in demand (passenger km travelled may 
increase as travel cost reduces) owing to 
reduced cost and improved convenience. 

There is still a high degree of uncertainty 
regarding when significant CAV technology 
deployment may feasibly occur, although 
potential vehicle efficiency gains 
through connected vehicle initiatives are 
significant ‘low hanging fruit’ for transport 
decarbonisation.102 It is expected that 
improvements in safety may also be an 
important policy driver. The Connected 
Places Catapult’s Multi User Scenario 
Catalogue for Connected Autonomous 
Vehicles (MUSICC) offers a foundation for 
CAV scenario planning and simulation.103

Connected technologies offer benefits for 
maritime and aviation fleets too – improving 
airspace and port operations both offer 
opportunities to further reduce energy vector 
demand. They may therefore be popular with 
these sectors, where energy costs represent 
a significant proportion of operational 
expenditure.39, 104
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Changes on the Road

6
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This Chapter and those which follow explore 
what changes explored in the report so far 
will feel like ‘on the ground’.

The modes of transport that we see on the 
roads: scooters and electric bikes; cars and 
vans; HGVs; and buses and coaches are 
all set to see changes in their powertrain 
technology but will vary according to 
technical and usage needs.

The role of the UK’s forecourts in acting as 
hubs of road transport re-energising will 
remain as UK transport evolves, however, the 
consumer will be presented with a diff erent 
experience and diff erent energy products to 
today to meet local demand.
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6.Changes on the Road

6.1 P owered Light Vehicles
Whilst accounting for less than 0.5% of UK 
transport GHG emissions,6 PLVs – which 
include mopeds and electric scooters – 
already feature in some urban goods delivery 
models – particularly as part of the ‘gig 
economy.’ As society progresses to active 
travel such as cycling and walking, PLVs 
may offer the most energy efficient solution 
to intermediate distances in urban and sub-
urban areas. 105

On-demand PLVs could offer home-to-
transport hub travel such as a rail station 
rather than a privately-owned car. For freight, 
PLVs might increase the energy efficiency of 

‘the last mile’ from distribution hubs – at 
least until consolidation centre models are 
developed and adopted.105

6.2 C ars & Vans
As the most prevalent vehicle type in the 
UK, and most significant source of transport 
energy demand, a range of technologies 
and initiatives will be needed to decarbonise 
cars and vans at the lowest societal cost. 
In the coming decade, the UK will see an 
unprecedented diversification of powertrain 
type in its vehicle parc. However, with the 
average age of a vehicle in the UK being 8.3 
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years,106  it will take time to significantly reduce 
GHG emissions given the small base the 
hybrid and EV market is growing from in the 
UK. A legacy fleet in need of decarbonising 
will exist well beyond the 2035 milestone.

BEVs offer opportunity to lower the 
lifecycle GHG emissions of passenger cars 
provided they are utilised beyond the GHG 
emissions debt (see 3.2.3), and will continue 
to track rapid growth in sales. Even with 
unprecedented levels of new EVs being 
purchased, and ICE vehicles scrapped, 
decarbonisation only by changing to EVs 
may only be one part of the solution. The 
reason for this, is that consumers continue 
to have significant concerns55 around range, 
charging options and upfront cost107 let 
alone further issues relating to uptake with 
supply chain bottleneck58,108 of limited end 
use products a possible additional barrier. 
Given the huge amount of energy required to 
power cars and vans, pursuing all low carbon 
energy vectors and powertrain technologies 
offers the best and most efficient means 
to change at scale.51 Whilst policy will stop 
the sale of new petrol and diesel vehicles 
by 2030, the UK will also need to accelerate 
a range of other transport decarbonisation 

measures before that date as well.
In the 2020s, the RTFO will continue 
increasing renewable fuel content of road 
fuels reducing the lifecycle emissions of 
today’s ICEs.34,35 In 2019, renewable fuel 
blending under the RTFO saved a total of 
5.37 Mt CO2e – this is equivalent to taking 
2.5 million cars off the road for a full year 
and is expected to increase as the RTFO 
mandate continues to rise until 2032.4

With the average age of a vehicle in the UK being 
8.3 years, it will take time to signifi cantly reduce 
GHG emissions given the small base the hybrid 
and EV market is growing from in the UK

Whilst policy will stop 
the sale of new petrol 
and diesel vehicles by 
2030, the UK will also 
need to accelerate a 
range of other transport 
decarbonisation 
measures before 
that date
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The Future Vehicle Supply Chain

Electric vehicles (EVs) are only able to be manufactured thanks to numerous components 
that comprise materials derived from petroleum products.

The Downstream Sector 
in the EV Supply Chain

While the downstream sector can contribute 
to decarbonising the transport energy vector 
supply chain, the sector has an equally important 
role in supporting future vehicle manufacturing. 
Petrochemicals, lubricants, and graphite 
are essential feedstocks – provided by the 
downstream sector – that will continue to be 
required in vehicles as they evolve to provide the 
mobility demands of a Net-Zero UK. 

Bumpers & Covers – polypropylene 
(incl. glass fibre embedded), polycarbonate, 
acrylonitrile butadiene styrene, polyamide, 

polyurethane

Fixtures and fittings – polyurethane

Battery assemblies – polyamide 
and polyurethane

Rubbers – synthetic rubber 
such as styrene butadiene rubbers

Adhesives and sealants – crude- and 
bio-derived base oil, stearates, additives

Flame retardants – polypropylene

Lightweight panels 
– carbon fibre reinforced plastic

Battery – graphite anode

Coatings – additives

Fixtures and fittings – polyurethane

Interior plastics and foams – polypropylene, 
polyvinyl chloride, polyurethane
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Petrochemicals
A modern light vehicle is currently 50% plastic 
by volume but less than 10% by mass111, with 
automotive sector demand accounting for 
over 10% of petrochemicals industry sales. 
The proportion of plastics in road vehicles is 
likely to increase in the coming decades – not 
only supporting battery assemblies, but also 
vehicle lightweighting as energy efficiency 
becomes as cost-effective (or necessary) as 
battery capacity increases.112-114

Petrochemical-derived materials play 
an essential role throughout a car – fire 
retardants, fittings, comfort, and more are all 
provided by plastics and will continue to be 
in electric vehicles. Petrochemical-derived 
materials may also play an increasing role in 
the generation of renewable energy – such 
as lightweight plastics in future generations 
of wind turbine blades.115

Lubricants
Lubricants and greases also provide an 
essential role in mobility by protecting, 
cooling, sealing, and reducing friction 
in mechanical systems. Whilst there 
will continue to be a role for lubricants 
improving ICE efficiency, lubricants and 
greases will also play an essential role 
as the transmission, coolant, and motor 
fluids of EVs.116 The downstream sector not 
only provides the raw materials for these 
sophisticated formulated products, but 
also stands at the cutting edge of research 
and development for the next generation of 
e-fluids.117-119

Battery Materials
Increased demand for EVs will increase 
demand for graphite for lithium-ion battery 
anodes – another specialist raw material 
provided by the downstream sector. The UK 
is well-placed to support regional demand 
as the largest producer of high purity 
graphite in Europe.16

Therefore, the UK downstream sector is 
well-placed to be integrated into a domestic 
EV supply chain and, in fact, can act as an 
enabler to supporting domestic employment 
and lowering the cradle-to-gate GHG 
emissions of EVs.

Reutilising Plastics
The provenance and end of life (EOL) fate of 
utilised plastics are crucial considerations in 
the lifecycle of a product and reusing and 
repurposing plastics an important part of 
a circular economy. Some vehicles already 
use many recycled plastics120 whilst, moving 
forward, more sophisticated plastics such 
as carbon fibre reinforced plastic (CFRP) 
may be increasingly utilised - although this 
will need more reuse to see a lifecycle GHG 
emissions benefit.121

Harder to reuse plastics may be most 
suitably repurposed via a refinery122 – 
further demonstration of the support the 
downstream sector can provide in an 
efficient automotive product lifecycle.
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EV and hydrogen infrastructure 
developments will progress in the 2020s 
and 2030s, ensuring these energy vectors 
are both increasingly renewable and 
reliably available to the consumer. Battery 
technology improvements, increased 
charging infrastructure and use of second-
life batteries will all decrease existing 
consumer concerns regarding BEVs. 
Reducing the unnecessary proliferation of 
oversized vehicles offers a big opportunity 
to reduce emissions through vehicle 
efficiency.109 The implementation of policies 
that scale vehicle taxation and licensing 
costs based on efficiency variables such 
as weight, drag coefficient, and tailpipe 
emissions will deliver efficiencies for all 
vehicles.
The implementation of a lifecycle CO2-
focused vehicle policy measure can be 
expected to result in new light duty vehicles 
that are mostly electrified with ICE-containing 
(Plug-in Hybrid Electric Vehicles or range-
extender) vehicles operating on very low 
carbon fuels for longer range applications 
that will prevent stretching renewable 
resources for electricity or low carbon fuel 
production.95

Whilst vans have a wider range of loads and 
duty cycles compared to passenger cars, 
they will see a similar progression. Urban-
only vans are likely to be well placed to 
transition to BEVs sooner due to advantages 
in fleet operating costs, charger proximity, 
and consistent low range demand.110

However, larger vans will have to balance 
space for energy on board with load space 
and distances travelled. Some will move to 

full BEV, while a low carbon fuel – and longer 
term hydrogen fuel cell electric – powertrain 
may be the only viable options for some 
applications.

6.3 Buses & Coaches
Urban and sub-urban bus routes are likely 
to be well-placed to transition to electric or 
hydrogen fuel cells – contingent on suitable 
infrastructure being rolled-out – owing 
to their shorter-range requirements and 
return to localised depots.  This is already 
happening with London offering the largest – 
and growing – electric bus fleet in Europe123 

as well as a hydrogen fuel cell bus route.124 

Electric buses are also forming increasing 
parts of bus fleets in other UK cities such as 
Manchester and Birmingham. 125,126 

Longer routes with existing bus fleets are 
likely to be best served by a combination 
of low carbon fuels, hybridisation and 
hydrogen (depending on local energy vector 
availability) owing to increased energy 
density requirements:

•  The Cambridgeshire Guided Busway, 
the longest guided busway in the world 
connecting Cambridge with satellite towns 
up to 16 miles away, is currently served 
by a Euro V and VI fleet propelled by ICE 
utilising 30% renewable diesel.127 

•  Utilising geofencing technology  some 
hybrid buses will operate in electric-only 
mode in urban centres, such as in Bristol 
and Brighton while replacing the liquids 
with higher renewable blends.128,129
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•  Hydrogen fuel cell buses will grow with 
deployment of the first hydrogen fuel cell 
bus in Northern Ireland planned by the end 
of the year.130 Hydrogen from electrolysis 
utilising electricity from an onshore wind 
farm in North Antrim is embedded into the 
project.131

Buses are also likely to embrace automation. 
The CAVForth programme in Scotland is 
Europe’s first full-size autonomous bus 
service with a 30 mile stretch being served 
by five 42-seat buses operating level 4 
autonomation.132 Increased deployment 
of autonomous buses is likely for routes 
featuring dedicated bus lanes and guided 
busways where integration with non-
autonomous vehicles is reduced.
Coaches, which generally operate intercity 
routes with more significant range demand, 
are likely to be reliant on liquid fuels for 
the longer-term – at least until sufficient 
hydrogen refuelling infrastructure and low 
carbon supply become available, with 
some early support for hydrogen in the 
Government’s Ten Point Plan importantly 
envisaging development of both blue (CCUS) 
and green (renewable) hydrogen solutions.133

These powertrains are likely to coexist for 
some considerable time. 

6.4 He  avy Goods Vehicles
HGV engines are typically the most efficient 
available in road vehicles (up to 47% thermal 
efficiency) with efficiencies expected to 
continue to improve through the 2020s and 
2030s.134 Heavy duty cycles and competition 
between cargo and fuel or energy storage 
space have and continue to drive these 

efficiency improvements, but the volumetric 
efficiency of high energy density liquid fuels 
and their conversion into power makes this a 
difficult-to-decarbonise sector.
Given energy densities for batteries are 
unlikely to come close to liquids (even 
accounting for ICE’s conversion efficiency)58

electricity is only likely to become a suitable 
energy vector option for most HGVs if in-
journey charging, such as via OHC systems, 
is possible. Such an approach would be 
a significant infrastructure undertaking – 
costing at least £20 billion a s well as the 
disruption to highly used motorways.135

There are some applications where e-HGVs 
will emerge with Volvo currently making two 
rigid axle trucks136  whilst Daimler’s rigid axle 
e-Actros has completed field testing and 
is due to commence production in 2021.137 

These trucks may prove particularly suited 
to urban goods movements from local hubs 
as increasingly stringent air quality measures 
are implemented.
Hydrogen, if the current infrastructure barrier 
can be overcome through strategic hydrogen 
fuelling networks, offers a well-suited means 
to decarbonise HGVs.135 The Hyundai Xcient 
Fuel Cell can travel 400 km with Hyundai 
already developing a truck with a 1000 km 
range.138,139 Other vehicle manufacturers like 
Daimler and Toyota are bringing to market 
hydrogen fuel cell heavy duty trucks too.140,141 

Low carbon fuels also offer a highly cost-
effective means of decarbonising HGVs, 
including the existing vehicle fleet. There are 
proven renewable fuels such as fatty acid 
methyl ester (FAME) and HVO that can be 
increasingly utilised. In addition, ownership 
and regulatory models of HGV fleets present 
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opportunities to introduce policies that 
stimulate low carbon fuels development (see 
4.3.3).
Regardless of powertrains, connected 
vehicle developments such as platooning 
(see 5.7) can offer further energy efficiency 
benefits. The European Commission 
Horizon 2020 ‘ENSEMBLE’ project aims 
to demonstrate a functioning platooning 
programme in the early 2020s.98 

Logistics improvement technologies such as 
warehouse digital (and potentially physical) 
clustering, blockchain, and automation 
of HGVs are likely to bring significant 
improvements in road freight efficiency in 
terms of carbon emitted per kilogram of 
freight moved but with expected growth in 
demand for freight shifts to other routes like 
marine may also need focus.142 

6.5 Fo recourts of the Future
The role of the UK’s forecourts in acting as 
hubs for road transport re-energising will 
remain as the UK transport sector evolves, 
with changes in the consumer experience 
and supply of different energy products to 
today to meet demand.
Early examples of a forecourt energy 
‘pivot’  are emerging like Shell’s forecourt 
in Fulham, London, which has ceased the 
retail of liquid fuels and is undergoing refit 
to become an EV charging site.143 Similarly, 
a new, purpose-built site is the Gridserve 
‘electric forecourt’ offering 30 chargers 
alongside a supporting retail experience.144 It 
is likely that in the coming decades the UK 
will see further dedicated EV sites (Gridserve 
are planning 100 such sites in total) whilst 
existing forecourts seek to evolve their offers 

to serve a broader range of customers.
In the longer-term, it is likely that urban 
areas – particularly where tailpipe emissions 
limits are in place – will feature community-
serving mobility hubs, that combine 
vehicle recharging with MaaS offers (such 
as car club parking) with other transport 
links (such as bicycles and buses). Whilst 
certainly resembling the retail forecourts 
of today, these may offer more locally-
tailored conveniences such as community 
information, parcel lockers, and fresh 
groceries (see 5.5). Figure 9 is a picture of 
the new bp mobility hub, which is London’s 
first multi-transport hub and brings multiple 
mobility offers together in one place. EV 
charging, car clubs and bicycles can be 
accessed through a digital platform and the 
same site has a café and parcel delivery 
location for users’ convenience.

The role of the UK’s 
forecourts in acting as 
hubs for road transport 
re-energising will remain 
as the UK transport 
sector evolves
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Fi gure 9: 
bp’s multi-transport hub located on the Greenwich Peninsula, which opened in 2020.

Source: bp



54

The Future of Mobility in the UK  |  March 2021

6.5.1 Energy Vector Provision
Colocation of ultra-rapid EV charging 
points for the growing BEV vehicle parc 
may be the most visible change to the 
consumer in coming years. These chargers 
are particularly important for users without 
home charging available (such as on-street 
parking) and high utilisation vehicles such 
as ride-hailing services with charging times 
likely to be around 10 minutes. Charger 
availability will be flagged to the driver either 
upon approach to the forecourt or when set 
as a destination in mobile navigation. 
Given ICEs will be prevalent well into the 2030s 
and likely beyond, liquid fuel dispensers will 
continue to feature at the vast majority of 
UK forecourts. In line with the RTFO and 
other incentives to decarbonise that may 
emerge, liquid fuels offered are likely to be 
increasingly renewable in content such as 
bio-oxygenates, biodiesel, and HVO with 
updated EN 228 and EN 590 standards likely 
to be needed in future. In the short-term, 
increased blending of renewable fuels will 
be needed within the existing standards, or 
utilising current higher blend fuel standards 
such as the B10 and B20+B30 standards. 
The UK downstream sector has already 
made efforts to ensure it has an active role 
in UK biofuel provision but from a consumer 
perspective, little has changed or will need 
to change at the pump.145

In the medium term, dedicated hydrogen 
refuelling forecourts are likely to increase 
in number – especially on the critical road 
network to accommodate fuel cell HGVs. 
Larger forecourts may install hydrogen 
provision as a second or third energy vector. 

6.5.2 Co nsumer Convenience
The increased adoption of MaaS (see 5.3), 
and resultant increase in vehicle utilisation, 
may result in greater throughput demands 
on the forecourt of the future – with practical 
and technological innovations implemented 
to accommodate it. 

•  Drivers will know in advance the offering 
of the forecourt from improved onboard 
satnavs and any wait required will be 
managed digitally – ensuring no ‘traditional’ 
queuing takes place. 

•  Drivers can enjoy in-vehicle and site 
conveniences whilst waiting; for example, 
a coffee pre-ordered and brought to the 
vehicle by customer support staff to be 
enjoyed whilst safely watching a media 
streaming service in-vehicle. 

•  Payment will likely be managed digitally 
either via the vehicle or via smartphone/
wearable. 

•  Forecourts’ retail offerings may grow with 
scan and go services increasingly offered, 
freeing forecourt staff to provide more 
dedicated customer support and oversee 
site operations.146

•  Forecourts are also well-placed to support 
the continuing increase of e-commerce 
with parcel lockers consolidating goods 
delivery journeys and offering convenient, 
simultaneous top-up re-energising or 
‘grazing’ for goods vehicles as they unload 
to locker banks. 
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The recently launched Aral ‘mobility hub’ in 
Berlin is an example of this combination of 
services we are likely to see proliferate in 
the UK in the coming years.147

6.5.3 Motorway Service Areas
Motorway service areas (MSAs) will continue 
to play an essential role for road transport in 
the coming decades and are likely to grow 
into destinations in their own right as work 
operations ‘decentralise’ (see 5.1). Many 
sites already feature EV chargers, liquid 
fuels, and dedicated dispensing for HGVs 
and will likely expand these offers as the 

vehicle parc evolves.
The sites will be integrated with the local 
environment – offering breaks with nature, 
strategically located to re-energise the UK’s 
long-distance travel needs, and possible 
entry points to developing commercial zones 
and industrial clusters. An early example of 
such a site is the recently opened Leeds 
Skelton Lake services, offering standard 
facilities and refreshments, but also a 
business centre and workspace, access 
to a nature reserve, ultra-rapid 350 kW 
chargers, and a hotel.149

Figure 10: 
Aral mobility hub, Berlin.148

Source: Aral

Figure 11: 
Aerial photo of Leeds Skelton Lake services150

Source: Extra Motorway Services
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Changes	off		the	Road
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Rail is a popular form of transport across 
the United Kingdom, with much of the 
network electrifi ed already, especially for 
metropolitan services. However, many 
intercity rail units still use diesel fuels 
off ering an opportunity for low carbon fuels, 
hydrogen or further expansion of electrifi ed 
routes to decarbonise.

The stations of the future will be deeply 
integrated into other transport systems, 
becoming a community hub with technology 
enabling a universal ‘digital ticket’ and use of 
‘big-data’ as part of a multi-modal mobility as 
a service platform.

Non-Road Mobile Machinery predominantly 
serves the agriculture and construction 
sectors. Their decarbonisation potential will 
be shaped by limited range requirements but 
high energy intensity operation.
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7. Changes off the Road

7.1 Rail

7.1.1 Metropolitan and Suburban Rail
The combination of fixed, shorter routes in 
urban areas means short range rail such as 
trams, subway/metros, and commuter rail 
are well-placed to be electrified with this 
largely already having taken place. Overhead 
cabling means there are no energy storage 
issues and decarbonising the electricity for 
these short journeys is possible and efficient.
The main evolution for light rail – beyond 
Net-Zero carbon electricity supply – will be 
seamless integration into other transport 
systems with unified ticketing/travel pass 
offers. There are already applications to 
this end, such as Citymapper in London, 
however, longer-term it is expected that 
more demand responsive services serve 
consumers.87

7.1.2 Intercity Rail
Intercity and freight trains can also electrify 
with OHCs and as they are heavy duty this 
will have large efficiency benefits. For now 
28% of the UK passenger rail fleet remains 
diesel operated (on 58% of the physical 
rail network), so  infrastructure will be the 
principal challenge for decarbonisation 
especially in rural locations.151

Low carbon fuels could replace the 
1.7 billion litres currently used per year for 
rail, with return-to-depot refuelling meaning 
rail is well-suited to dedicated, high blend 
biofuel supply utilising existing (or slightly 
modified) infrastructure while OHC is built.152 

Electrified intercity rail featuring hydrogen 
fuel cells may also be a suitable long-term 
solution. The HydroFLEX hydrogen fuel cell 
train is an example of such technology and 
is currently being trialled in the Midlands and 
can be powered up to 75 miles by 20 kg of 
compressed hydrogen via a hydrogen fuel 
cell system.66,153 Th e electrified powertrain is 
also compatible with existing infrastructure 
for an easy and flexible option. Other 
hydrogen powered trains are in service with 
a range of up to 600 miles meaning such 
trains may prove the long-term solution to 
the UK’s ‘unelectrifiable’ rail.153

Rail freight may pose the biggest challenge, 
with only 16% of the UK’s freight locomotives 
currently electric.151 The operational needs 
for unrestricted overhead access means this 
mode may prove challenging to fully electrify 
– a third rail likely to be the only practical 
option. Low carbon fuels may prove the 
most viable short- and medium-term means 
of decarbonising rail freight.
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7.1.3 The Station of the Future
The stations of the future will be deeply 
integrated into other transport systems 
becoming a community hub, with technology 
enabling a universal ‘digital ticket’ and use 
of ‘big-data’ as part of a multi-modal MaaS 
platform creating a more flexible, demand 
responsive rail offering.154

Stations are also likely to play an increasingly 
important community role. In urban areas, 
the station of the future could be the core 
of a ‘15-minute’ neighbourhood, supporting 
local services and businesses. In rural 
areas, the station of the future is likely to 
focus on ‘transient’ convenience offerings, 
such as parcel lockers, offering consumers 
convenient collection as part of their return 
journeys whilst improving efficiency of 
goods movement for a rural community. For 
all locations, accessibility will continue to 
improve to ensure stations offer an inclusive 
means of transport for all passengers, 
including those with a disability or the elderly.

7.2 Non-Road Mobile Machinery
Non-Road Mobile Machinery (NRMM) 
predominantly serves the agriculture and 
construction sectors and may be broadly 
grouped by limited range requirements but 
high energy intensity operation. This is due 
to their significant mass and need to power 
ancillary equipment such as hydraulic pumps 
and attached or towed equipment. 

There is potential to make NRMM early 
adopters of renewable liquid fuels as they 
tend to have their supply for fuels from 
tanks brought to sites. Longer term, some 
machines could use batteries but for many 
farms, the ICE is likely to remain – even if 
acting as an on-board generator – powered 
by low carbon distillate fuels. Hydrogen 
seems an option only through fuel cells given 
lack of storage infrastructure on construction 
sites.
UK agriculture may look to automation 
of vehicles to reduce costs with some 
autonomous tractor concepts already being 
developed.155,156

Given NRMM tends to create rather than 
move goods, different regulatory approaches 
to other transport could work e.g. regulating 
the lifecycle emissions impact of a building 
will account for the GHG emissions impact 
of the construction phase, and therefore can 
encourage technology neutral low carbon 
solutions for NRMM.157,158

Finding 12:
Broadening lifecycle analysis and 
regulation of construction to include 
energy intensive processes used in 
their production may incentivise the 
decarbonisation of some Non-Road 
Mobile Machinery.
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Decarbonising the marine sector off ers 
unique challenges. For the lightest crafts 
like dinghies, liquid fuels are likely to remain 
as their long-term energy storage stability 
are well-suited to intermittent operation 
but battery-electric propulsion is likely to 
prove most suitable for other light boats with 
marinas off ering charging points for docked 
vessels.

 International shipping currently produces 
2.9% of global GHG emissions and 
technology such as LNG, methanol, batteries 
and hydrogen will most likely be required to 
decarbonise it.

 The port of the future will integrate 
developments in vessel automation, low 
carbon energy provision, and intelligent port 
operations to improve logistics effi  ciency and 
throughput. It will also likely host new energy 
vector fi lling stations and be supported by 
smaller Net-Zero craft.
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8. Changes at Sea
8.1 Inland Shipping and Leisure Craft
Light and leisure craft account for <0.5% of 
UK transport GHG emissions6 and typically 
operate light-duty ICEs. For the lightest crafts 
like dinghies, liquid fuels are likely to remain 
as their long-term energy storage stability 
are well-suited to intermittent operation but 
battery-electric propulsion is likely to prove 
most suitable for other light boats with 
marinas offering charging points for docked 
vessels.
Short range vessels used for activity in 
domestic waterways or port operations have 
more demanding duty cycles, however these 
vessels typically ‘return to base’ within one 
day so will see an increasingly ‘hybridised’ 
approach matching the range and duty cycle. 
In Norway, the Yara Birkeland is a battery 
electric small container ship currently being 
trialled to do short range goods movement 
tasks along the Norwegian coast, albeit with 
a 30 nautical mile range and limited routes.159

However, the Yara Birkeland’s most notable 
feature is that it is the world’s first commercial 
autonomous ship,159 with plans to displace 
40,000 HGV journeys. This approach could 
also be adapted for the UK – by establishing a 
zero carbon coastal highway to displace road 
freight demand.160

Also in Norway, the Havyard Group are 
currently developing the largest ever maritime 
hydrogen fuel cell system to retrofit existing 
coastal passenger ferries161 d emonstrating 
the feasibility of hydrogen as an energy vector 
in all but the largest ship applications. 
Low carbon fuels will act as both a transitional 
and long-term solution for operations that 

cannot feasibly operate solely on batteries 
nor deploy hydrogen infrastructure.51 A switch 
back to renewables such as via the use of 
sails162 could also reduce storage demand for 
certain applications. 

8.2 Inte rnational Shipping 
International shipping currently carries 
around 90% of world trade by volume and 
has integrated itself as an essential route 
for trade.163 The sector produces 2.9% of 
global GHG emissions164 and the International 
Maritime Organisation (IMO) have set GHG 
emissions targets for international shipping 
by 2030 (40% reduction in carbon intensity) 
and 2050 (70% reduction in carbon intensity 
and 50% absolute reduction).165 Given the 
scale of this sector and its importance in 
supporting other economic activity, there 
are many technologies being considered to 
reduce GHG emissions, although each has 
its limitations:

LNG 
LNG may offer lower lifecycle emissions than 
some heavy fuel oil ships – although the 
degree to which this is the case will depend on 
variables such as operational utilisation and 
methane slip control as considered in recent 
studies.166 In any case, methane of fossil origin 
will serve principally as a transitional energy 
vector for the decarbonisation of maritime. 
Increased use of biomethane, or liquid 
biogas (LBG) may offer more significant GHG 
emissions reductions and a route to further 
decarbonisation of existing fleets – it remains 
to be seen to what extent maritime could be 
supplied with LBG as other sectors compete 
for limited biomass availability.167
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Battery
The GHG reduction potential for battery 
powered vessels is offset by energy density 
limitations. Using current technologies, 
a battery mass of 130,000 tonnes would 
be needed to store enough energy for an 
established route such as Felixstowe to 
Xiamen in China; this is more than twenty 
times the current fuel oil storage mass and 
would drastically reduce cargo space.58,168–170

Hydrogen
The potential for use of hydrogen for longer 
international shipping routes may also be 
limited, although it has been proposed that 
hydrogen could be a viable energy source 
for 43% of current China-USA trade.171

The HySTRA hydrogen transport project 
(of which Shell is a partner) transporting 
liquefied hydrogen from Australia to 
Japan,172 may demonstrate the viability of 
low carbon (blue) hydrogen supply via long-
distance tanker.
Current infrastructure for hydrogen supply at 
ports is currently limited and needs to be in 
place at both departure and arrival locations 
before long distance use can be considered. 
Hydrogen production and supply would 
also need to increase, but the proposed 
hydrogen port in Teesside referenced in 
the Ten Point Plan is an encouraging early 
move in the right direction.133 Designs are 
emerging for liquefied hydrogen bunkering 
vessels; however, none have yet commenced 
construction.173

Ammonia
The volumetric challenge presented by 
hydrogen may be surmountable by using 

ammonia as either a hydrogen carrier for 
PEMFC applications or a fuel in its own right 
for combustion or solid oxide fuel cells.174

Whilst such applications may require complex 
NOx management/after-treatment systems, 
these may be more than compensated 
for economically by the volumetric energy 
density improvements.
Ammonia production currently accounts 
for approximately 1.8% of global CO2
emissions,174 highlighting the importance 
of decarbonising its manufacture if it is to 
meet any maritime energy demand, but as 
with e-fuels the additional energy and GHG 
emissions required to produce ammonia will 
need to be offset against its benefits.
The maritime industry itself is taking action 
to support low carbon ammonia: Maersk 
are working with a consortium to establish 
Europe’s largest production facility of green 
ammonia, with energy from wind turbines.175

Ammonia production of this kind could 
significantly decarbonise fertiliser feedstocks 
and transport energy, however whether 
sufficient renewable energy can be provided 
to ultimately meet a significant proportion of 
maritime energy demand remains to be seen.
Liquid organic hydrogen carriers may also 
present a route to carry larger volumes 
of hydrogen, however, many of these 
technologies require further development to 
be economically scalable.176

Methanol
The most economically promising energy 
vector in this regard is methanol.176 Whilst 
a methanol fuel cell produces CO2, 100% 
renewable-derived methanol may present 
a Net-Zero energy vector for shipping 
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with benefits to energy density, bunkering 
(supply of fuel for ships), and supply logistics 
compared to hydrogen and ammonia. 
It is unclear at this stage if ship operators 
see a long-term role for renewable methanol 
and there is little evidence of this technology 
being developed at scale.

Given the above, shipping will probably follow 
a trend of increasing the renewable content 

of liquid fuels until supply and infrastructure 
enable economic deployment of hydrogen 
propelled ships. Two-stroke shipping engines 
are well placed to utilise low carbon fuels to 
decarbonise and, as with HGVs, could offer 
suitable application for distillate fuel-type 
components manufactured by sustainable 
aviation fuel (SAF) plants unsuitable for SAF 
deployment. 

Figur e 12: Architect’s impression of the East of England Energy Park at Shell Quay, 
Lowestoft including quayside frontage suitable for offshore wind support vessel berthing.180

Source: Chetwoods Architects and Associated British Ports
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The UK’s unique position as an island 
with an ambitious decarbonisation target, 
significant renewable energy potential, 
and well-established, coastal hydrogen 
manufacturing presence (the UK’s petroleum 
refineries), means it could be well-placed 
support the ships and ports of the future 
with appropriate policy frameworks and 
investment incentives.

8.3 The   Port of the Future
Previous UKPIA publications have 
highlighted work at the port of Rotterdam, 
which is currently integrating developments 
in vessel automation, low carbon energy 
provision, and intelligent port operations 
to improve logistics efficiency and 
throughput.177 The port is also integrating 
into a broader industrial cluster – providing 
valuable learnings the UK could emulate at 
strategic ports.
The UK’s port of the future can implement 
all of the above and will have implemented a 
range of other innovative solutions to support 
a decarbonised shipping fleet:

•  Port support vessels such as tugboats and 
tenders are likely to be principally electric 
or running on low carbon fuels and fully 

autonomous with inputs from the harbour 
as needed.178

•  The port’s tanks are likely to be filled with 
low carbon liquid fuels for re-energising 
large, long-distance ships with some ports 
featuring liquefied hydrogen storage either 
on-shore or via hydrogen bunker vessels 
with hydrogen supplied from the UK’s low 
carbon industrial clusters.

•  Ports may be linked by a fleet of battery 
electric/hybridised small container ships, 
reducing pressure on roads and loading 
and unloading efficiency will be increased 
with sophisticated logistics operations 
guiding autonomous cranes and other 
NRMM on-shore. 

•  Some ports may offer a dedicated 
maintenance service for the UK’s 
significant off-shore wind farm capacity 
(see Figure 12)179

Finding 13:
Early assessment of hydrogen bunkering 
opportunities at strategic UK ports could 
be key to encouraging hydrogen uptake 
for shipping. 
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The aviation sector presents the most 
signifi cant energy demand per km travelled. 
With no viable alternative to jet engines 
identifi ed,181 and strict fuel quality control 
measures for safety,182 aviation is the most 
challenging mode to decarbonise with few 
alternatives to kerosene-type fuel as an 
energy carrier. 

Fortunately, such fuels can be made with 
lower lifecycle GHG emissions with SAFs 
already utilised in some markets183 and their 
use expected to rapidly grow as the aviation 
sector seeks to further decarbonise.184

The airport of the future will allow technology 
to further streamline the airport experience 
for users, with reduced queues, increasingly 
tailored retail experiences, and possibly 
the use of digital passports underpinned by 
blockchain technology.
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9. Changes in the Air

9.1 Domestic Aviation
Domestic aviation demand in the UK is 
likely to continue reducing into the coming 
decades as services such as high speed 
rail improve in speed and personnel 
capacity.185,186 However, some demand will 
remain, with more efficient aircraft deployed 
utilising a blend of SAFs for propulsion. 
Longer-term, (2035+) short flights may be 
served by hydrogen propelled aircraft, such 
as those recently announced by Airbus.67 The 
growth of hydrogen for short-haul flights will 
be highly contingent on the implementation 
of hydrogen refuelling infrastructure at UK 
and European airports as well as the ability 
to deal with the challenge of safe storage 
and safe carriage.187

Very short-range flights (<20minutes), may 
be well-served by battery electric aircraft, 
such as the Loganair commercial flights for 
the Orkney islands.188 However, it is likely 
that opportunities for such aircraft will be 
limited, exemplified by Airbus and Rolls-
Royce deciding to discontinue their joint 
hybrid-electric demonstrator programme.189

Overall, given the UK’s leading role in 
international aviation, it is likely that domestic 
aviation will be powered, and organised, 
by the same energy vectors and efficiency 
technologies utilised for long-distance travel.

9.2 International Aviation
For long-distance aviation, there are no 
current alternatives to kerosene-type fuels 
and even in the long-term, hydrogen as an 
option is unlikely to meet this challenge. 
Rather, hydrogen as an energy vector may 
prove a viable alternative for short and 
intermediate range flights.67 For flights 
greater than 2,000 nautical miles, SAFs are 
likely to be the only option even beyond 
the year 2050, meaning the recent positive 
announcements in the UK Government’s Ten 
Point Plan for a Green Industrial Revolution 
on SAFs should be considered a no regret 
investment for the UK.133

An advantage of there being only one viable 
energy vector solution for international 
aviation, and it being essentially a 
decarbonised equivalent of today’s jet fuels, 
is that minimal supply infrastructure changes 
will be needed (Figure 13).  
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Achieving large scale SAF production in the 
UK is not without its challenges – significant 
government support and collaboration 
amongst a range of industries and sectors 
will be required to achieve meaningful 
volumes of fuel. These volumes must then 
be deployable and resilient, with novel 
plants requiring financial support through 
their early production phases to understand 
their full range of failure modes whilst 
providing dedicated airport supply (e.g. 
road tankers). Other challenges to consider 
will be in making sure SAFs have necessary 
approvals for use. The US government has 
provided precedent for championing SAF 
production – supporting the establishment 
of a US Clearing House and testing novel 
SAFs in military hardware – and it is notable 
that the UK has already announced its own 
SAFs Clearing House in the Ten Point Plan.133

Once technical and supply readiness has 
been proven, SAFs may be deployed via 
established supply routes. 
There are early, encouraging signs of SAF 
manufacture in the UK, with the Altalto 
waste-to-fuels plant – a joint venture 
between British Airways and Velocys – being 
granted planning permission to construct a 
plant in Immingham, North Lincolnshire.192

The plant plans to utilise 500,000 tonnes 
of non-recyclable waste when production 
commences in the mid-2020s.193 In 2021 
Fulcrum BioEnergy and Essar announced 
plans for a new £600m waste-to-fuel plant in 
the North West of England, which could be 
operational in 2025, and will convert several 
hundred thousand tonnes of pre-processed 
household waste into approximately 100 
million litres of low carbon SAF every year.194

Figure 13: 
UK refineries, entry points, terminal 
hubs, and fuel product pipelines. 
A. privately owned pipeline systems 
B. Exolum pipeline system190,191

A

B
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Even when considering generous Fischer-
Tropsch yields, and assuming 100% SAF 
of such yields, a plant such as Altalto 
Immingham at full operation would supply 
only ~3% of current aviation turbine fuel 
demand.195 Given aviation demand is 
forecast to grow to 2050 (even taking into 
account the impacts of COVID on short and 
long-term demand), a future UK will require 
more such SAF manufacturing operations to 
be built.196,197 

While SAFs offer major decarbonisation 
potential, aviation may need to consider other 
non-technology options. The International 
Civil Aviation Authority’s Carbon Offsetting 
and Reduction Scheme for International 
Aviation (CORSIA) programme is currently 
undergoing a pilot period with likely 
deployment in the mid-2020s.198 The future 
UK aviation industry is likely to participate in 
such schemes to offset the most challenging 
to decarbonise aspects of its operations to 
achieve Net-Zero.

9.3 The Air port of the Future
From a consumer perspective, the airport of 
the future is likely to bear many similarities 
to that of today.199 Technology will further 
streamline the airport experience, with 
reduced queues, increasingly tailored retail 
experiences, and possibly the use of digital 
passports underpinned by blockchain 
technology.88

Technology will have an even greater 
impact on aviation operations, with 
improved efficiency of ground activities200

and increasingly electrified ground support 
equipment (GSE) such as pushback 
tractors.201,202 Due to the exceptionally 
high operational standards required at 
airports, autonomous vehicles are unlikely 
to see widespread adoption until proven in 
other port applications (see 8.3), however, 
connected and remotely controlled GSE is 
likely to grow in the coming years.
Changes will take place above the 
airport as well, with efficiencies gained via 
improved use of airspace and in creased 
achievement of continuous descent 
operations.203,204 The former will present 
efficiencies in both passenger/freight 
movement and energy vector demand 
reduction, with the latter reducing local 
environment noise and further reducing 
energy demand.

Finding 14:
Encouraging close industry-local 
government partnerships when planning 
and constructing renewable fuel plants 
can reduce barriers and increase UK SAFs 
production capability.
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Figure 14: 
Swedavia’s Vision image year 2070. Future plans for Stockholm’s Arlanda airport include 
integrated connected technology for operational and passenger experience improvements.

Source: Swedavia, Architect: BAU
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10. Summary of Report Findings

Overall Findings

To meet Net-Zero, all stakeholders must work together in pursuing all technology options with 
low carbon fuels and hydrogen (both blue and green), along with battery electrification with 
important roles to play across the UK’s transport modes.   

A systems approach, lifecycle analysis of transport GHG emissions, and frank assessment 
of transport mode energy provision, storage, and conversion demands should be essential 
ingredients in a transport decarbonisation strategy to ensure significant, achievable GHG 
emissions reductions at the lowest societal cost. 

A mobility paradigm shift is required with new technologies and models disrupting existing 
mobility offers and improving transport energy efficiency. 

Practical Findings

Finding 1: Considering full cradle-to-grave product lifecycle GHG emissions and regulation 
for primary transport modes likely to contribute to the most efficient delivery of Net-Zero.

Finding 2: Placing the downstream and automotive sectors at the forefront of COVID recovery 
and long-term UK trade strategies can grow domestic supply chains early while decarbonising 
long-term.

Finding 3: Reducing or removing the regulatory burdens for Distribution Network Operators 
(DNOs) can enable local networks to be upgraded and support the installation of substations 
for EV charging.

Finding 4: Publication of thorough, dedicated guidance for the safe installation of EV chargers 
at dedicated sites or existing retail forecourts may reduce local planning consent issues.

Finding 5: It is important that the finite pool of battery materials and batteries themselves 
are utilised in the most appropriate transport modes – short range and light duty – and in a 
sustainable framework where battery lifecycle planning pays more attention to second life and 
recycling concepts than is currently the case. 



73

Finding 6: Supporting the market-led introduction of smart-charging could boost cost-
effective and innovative approaches for the consumer in the EV space.

Finding 7: Providing public funding support for a hydrogen HGV commercial demonstration 
project in the UK could help overcome early concerns over a lack of infrastructure.

Finding 8: Accelerating the transition of liquid fuels from fossil-derived to biomass- or 
renewable energy-derived is a no-regret option for the UK as almost all transport modes could 
be at least incrementally decarbonised in the short term with such a change (aviation may be 
challenged due to strict fuel quality limits). 

Finding 9: The UK renewable transport fuel regulations review in 2021 offers opportunity 
to consolidate  and develop a new UK GHG emissions reduction target. Opportunities to 
incentivise new technologies should include support for blue or green hydrogen used in 
manufacture of fuels as is already allowed in some other countries.

Finding 10: Fuel duty offers a primary government lever to influence consumer behaviour 
towards low-carbon liquid fuels if scaled according to a fuel’s carbon intensity, (captive fleets 
seeking to adopt higher blend biofuels may be an early adopter).

Finding 11: Developing a viable framework for low carbon energy vector investment contracts 
linked to existing emissions obligations could promote early adoption of low-carbon solutions 
in a technology neutral way. 

Finding 12: Broadening lifecycle analysis and regulation to energy intensive products such as 
buildings and food could promote transport decarbonisation.

Finding 13: Early assessment of hydrogen bunkering opportunities at strategic UK ports could 
be key to encouraging hydrogen uptake for shipping.

Finding 14: Encouraging close industry-local government partnerships when planning 
and constructing renewable fuel plants can reduce barriers and increase UK SAFs 
production capability.
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Glossary

APC Advanced Propulsion Centre
BEV Battery Electric Vehicle
Blue H2  Hydrogen produced from a fossil-derived feedstock where the resultant CO2 emissions 

are captured and stored, or reused.
CAZ Clean Air Zone
CCUS Carbon Capture Utilisation and Storage
CDO Continuous Descent Operations
CORSIA Carbon Offsetting and Reduction Scheme for International Aviation
DAC Direct Air Capture (for CCUS)
DNO Distribution Network Operator
ESC Energy Systems Catapult
FAME Fatty Acid Methyl Ester (also known as biodiesel)
FCEV Fuel Cell Electric Vehicle
GHG Greenhouse Gas
Green H2  Hydrogen generated from renewable energy sources via the electrolysis of water.  

No CO2 emissions are produced by the electrolysis reaction.
GSE Ground Support Equipment
HGV Heavy Goods Vehicle
HVO Hydrogenated Vegetable Oil
ICE Internal Combustion Engine
LCA Lifecycle Analysis
LNG Liquefied Natural Gas
MaaS Mobility-as-a-Service
MSA Motorway Service Area
NRMM Non-Road Mobile Machinery
OHC Overhead Catenary / Cable
OEM Original Equipment Manufacturer
PEM(FC) Proton Exchange Membrane (Fuel Cell)
PHEV Plug-in Hybrid Electric Vehicle
PLV Powered Light Vehicle
RTFO Renewable Transport Fuel Obligation
SAF Sustainable Aviation Fuel
TEU Twenty-foot Equivalent Unit
TTW Tank-To-Wheel (Tailpipe)
ULEZ Ultra Low Emissions Zone
WTT Well-To-Tank
WTW Well-To-Wheel (or Wake in Aviation and Maritime)
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