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Introduction
This paper evaluates the impact of the net zero energy transition on transportation assets and what this might mean for investors.
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The drive to Net Zero is reshaping almost every sector of the
economy. Arguably the greatest changes are required within the
transportation sector, one that has been directly reliant on the
burning of fossil fuels for more than 100 years.
Government policy and public sentiment will redefine not only
the way we power transport modes but more broadly our entire
mobility needs. Covid-19 has already drastically changed our
desire and need for transport, Net Zero goals may reinforce these
changes.
Investors in transport infrastructure must understand how these
long term trends will adjust the risk profiles of assets as well as
the security of long term cashflows. However, climate resilient,
net zero linked assets will provide substantial growth
opportunities and robust financial returns.
This paper evaluates the impact of the net zero energy transition
on transportation assets and what this means for investors. First,
we assess government policy in the sector before considering four
key questions for each transport sub-sector:
• What is the future of the sub-sector?
• What infrastructure changes will be required?
• What are the anticipated changes in demand?
• What does this mean for investors?
Finally, we consider the opportunity in hydrogen which is likely
to power the transport transition and the challenges being placed
on electricity generation and distribution.

7,000
6,000
5,000
4,000
3,000
2,000
1,000
0

Two- and three-wheelers
Rail
Aviation

Light duty vehicles
Heavy truck

Bus and minibus
Shipping

Global CO2 emissions from transport by subsector, 2000-2030, IEA 2021
APS = Announced Pledges Scenario. NZE = Net zero emissions by 2050 scenario. Trucks include road freight vehicles with a gross vehicle weight of more than 3.5 tonnes.
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Government policy
Numerous governments have signed climate commitments to tackle emissions in the transport sector. These commitments will need to be translated into
national policy and legislation.
Climate policy around the world
Climate action is being addressed globally by the United Nations
Framework Convention on Climate Change (UNFCCC). This
organisation aims to support the implementation of the Kyoto and
Paris Agreements.
COP26, held in Glasgow in 2021, resulted in several further
commitments from national governments around the world to
limit climate change. These included:
• 110 countries signing up to a pledge to reduce methane
emissions by 30% by 2030.
• 140+ countries signing up to a pledge to end and reverse
deforestation by 2030.
• 40+ countries pledging to phase out coal between 2030 and
2040.
• 22 countries committing to creating at least six zero-emission
maritime routes by 2025.
• 24+ countries and a group of leading car manufacturers
committing to banning the sale of fossil fuel vehicles by 2040
or earlier.
The pledges and commitments will require national governments
to enact appropriate climate policy and legislation to meet the
goals set out. Several of the commitments will require legislation
to force the phase out of the use of fossil fuels in the transport
sector.

April 2022

The EU’s ‘Green New Deal’ and transport

Emissions trading and carbon taxes

The Green New Deal resets the EU Commission’s
commitment to tackling climate change. Within this, the
Commission sets out a number of goals for the transport
sector, including:
• By 2030, there will be at least 30m zero emission
cars and 80,000 zero emissions lorries in operation.
• By 2030, there will at least 100 climate neutral cities
in Europe. Scheduled collective travel under 500km
should be carbon neutral by 2030 within the EU.
• Zero emission large aircraft will become ready for
market by 2035. Zero emission marine vessels will
become ready for market by 2030.
• All large and medium sized cities shall put in place
sustainable urban mobility plans by 2030.
• Traffic on high speed rail will double by 2030. By
2050 rail freight traffic will double.
• Transport by inland waterways and short sea
shipping will increase by 25% by 2030.
• The internalisation of external costs of transport will
ensure that transport users bear the full costs of travel
by 2050.

45 countries and more than 30 cities, states and
provinces already utilise carbon pricing mechanisms. Of
these jurisdictions, carbon pricing schemes cover
approximately half of carbon emissions, around 22% of
annual greenhouse gas emissions.
Carbon pricing is used as a economic instrument to
encourage decarbonisation by firms. A price on carbon
shifts the cost burden of emissions onto the emitter.
Implemented carbon pricing mechanisms (national, regional and
subnational), source: The World Bank Group, 2022.

Key: blue indicates carbon tax, green indicates ETS scheme, stripped indicates carbon taxation and
ETS scheme.
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UK Government Transport Decarbonisation Plan
UK Government commitments and action require significant changes to underlying transport infrastructure.
UK Government Policy
In July 2021, the UK Government published its Transport
Decarbonisation Plan. This plan set out the government
commitments and actions to decarbonise the entire transport
system in the UK. A summary of key selected commitments by
sector is displayed opposite.
These commitments form part of the UK Government target to
achieve net zero carbon emissions by 2050. The commitments
require substantial changes to underlying transport infrastructure
assets such as highways, ports, airports and rail rolling stock and
track.

Increasing
walking and
cycling

Zero Emission
Buses and
Coaches

Decarbonising
Railways

A zero emission
fleet of cars, vans,
motorcycles, and
scooters

Accelerating
maritime
decarbonisation

Accelerating
aviation
decarbonisation

• Half of all
journeys in
towns and cities
will be cycled or
walked by 2030
• ‘World-class’
cycling and
walking network
in England by
2040

• A transformed
bus industry and
a green bus
revolution
• Support delivery
of 4,000 new
zero emission
buses and the
infrastructure
needed to
support them
• Deliver the first
All Electric Bus
Town or City
• Consult on a
phase out date
for the sale of
new non-zero
emission buses

• Net zero railway
network by 2050
• Remove all
diesel-only
trains from
network by 2040
• Support
development of
battery and
hydrogen trains
• Deliver
programme of
electrification.
• Improve rail
intermodal
connectivity
• Build capacity to
allow mode shift
from roads

• Consult on
regulatory
options for ZEC
mandates
• 100% of
government car
fleet zero
emission by
2027
• Ensure the UK’s
charging
infrastructure
network meets
the demands of
its users
• Support
innovation in the
UK automotive
sector

• Consult on phase
out date for sale
of new non-zero
emission vessels
• Consult on
mandating the
uptake of shore
power
• Extend the
RTFO to support
renewable fuels
for shipping
• Assess economic
methods for
decarbonisation
of shipping

• Consult on Jet
Zero strategy
• Consult on a
target for UK
domestic
aviation to reach
net zero by 2040
• Fund zero
emission flight
infrastructure
R&D at UK
airports
• Consult on a UK
sustainable
aviation fuels
mandate
• Commercialise
UK sustainable
fuels (SAF)

UK Government selected commitments and actions, July 2021
Source: Decarbonising Transport – A better, greener Britain, 2021

April 2022
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Highways
Long term demand for highways infrastructure is uncertain with video conferencing technologies reducing business travel and government policies
disincentivising private vehicle use.

April 2022

12.0

Million Vehicles

Vehicles of the future
• Vehicles will be fuelled differently in the future with sustainable fuels, hydrogen and battery
electric power becoming commonplace.
• Larger vehicles such as HGVs may become primarily hydrogen powered given the technological
challenges in electrification.
• Lighter cars, vans and motorcycles are all expected to be largely battery-electric.
Infrastructure changes
• Rapid growth in EVs requires an acceleration in the provision of public charge points. These
charge points in turn require upgrades to electricity transmission infrastructure in addition to
increased renewable generation capacity. There is significant government support behind the roll
out of charge points and grid upgrades.
• Hydrogen powered vehicles will require a comprehensive hydrogen production and distribution
network, with appropriately located refuelling stations.
• Changes to physical highway infrastructure may be limited to enabling the new fuelling/charging
methods as well as adjustments for new technologies such as Connected and Autonomous
Vehicles (CAVs).
• Road user pricing may become a greater feature of future road based transport as fossil fuel duties
are replaced by other forms of taxation. Some roadside physical infrastructure will be required to
support this change.
Demand for highways
• Long term demand for highways infrastructure is uncertain. Government policies to disincentivise
private car use may compete with growing, wealthier populations with a desire to travel by private
means.
• New video conferencing and collaboration technologies are likely to have a lasting downward
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0.0
China

Europe

United States

Other

Global electric vehicle stock by region, 2010-2020
IEA, 2021

impact on road-based business travel.
• An increasing trend toward e-commerce may reduce journeys made in and out of town centres for
retail purposes. However, with increasing home goods deliveries, significant growth is expected in
urban delivery fleets.
What does this mean for investors?
• Personal and business travel on highways may increase at lower than historic growth rates, though
are unlikely to fall.
• Toll roads with investor demand risk should remain stable investments, with local factors more
important than net zero considerations. Upside cases may be more limited as technology reduces
travel requirements and some amount of mode shift to rail occurs.
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Rail
Rail decarbonisation will come largely from electrifying railways. This will result in a significant pipeline of electrification projects and considerable
public investment.
Rail of the future
• Rail decarbonisation will be achieved
through the continued roll out of electrified
lines (drawing from renewable sources) as
well as locomotive adaptations to replace
diesel with hydrogen. Hybrid hydrogen and
electric trains may become the norm on
partially electrified routes.
Infrastructure changes
• Electrification of the railway is likely to be
the main route to decarbonisation. In the
UK, only 38% of the network is currently
electrified. In developed nations, rail
electrification is likely to provide a
significant pipeline of construction work.
• New trains, either hybrid, fully electric or
fully hydrogen-powered will be required in
significant numbers. Battery or hydrogen
trains are expected to provide better value
for money on less intensively used routes
than full line electrification.
Demand for rail / rolling stock
• Demand for both freight and passenger rail
services is expected to experience strong
growth.
April 2022

• Net zero policy and legislation will act to
incentivise rail over road. Limited road
capacity will add a further push factor for
people and business to switch to rail
transport.
• Demand for rolling stock will align with this
expected growth in rail traffic. This,
combined with the need to replace or adapt
carbon intensive incumbent trains will place
pressure on train manufacturers to meet
demand.
What does this mean for investors?
• A significant pipeline of rail projects,
including track electrification is expected.
• Considerable public investment in new train
technology such as hydrogen and battery
trains is expected.
• Investors in green rolling stock may see
significant growth opportunities, as huge
quantities of incumbent stock require
replacement or adaptation.
• Investors holding diesel-powered fleets may
experience stranded assets, though this
process is likely to take longer than current
asset lifetimes.

Recommended technology deployment to decarbonise the unelectrified UK railway (end state)
Traction Decarbonisation Network Strategy - Interim Programme Business Case, 2020
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Aviation
Trends introduced during Covid-19 such as video conferencing may limit long term airborne passenger growth. Full decarbonisation of the sector relies
on rapidly maturing alternative technology including hydrogen power aircraft.
Aviation of the future
• Aviation is one of the hardest to abate
sectors of the economy. Full
decarbonisation, probably through
hydrogen powered aircraft, is not
expected until beyond 2050.
• In the short to medium term, aviation
will need to increase the use of
sustainable fuels. Such fuels can be
produced in myriad ways, though
perhaps the most promising at large
scale is PtL (Power to Liquid) using
hydrogen. Sustainable fuels require
little to no changes to existing aircraft
stock.
Infrastructure changes
• In the short and medium term, airports
will continue to operate largely as they
do today without the need for new fuel
supply equipment.
• On-airport vehicles and equipment
though will transition to battery
electric or hydrogen power. Much of
this transition is well underway at
many airports.
April 2022

• Over the longer term, airports may
need to adjust to allow hydrogen
refuelling and even, where
appropriate, may construct hydrogen
production and liquefaction facilities
on-site.
• Battery-Electric planes are not
expected to be widely used but may
prove viable for small planes travelling
small distances. Charging
infrastructure will be required to
support this.
Demand for airports
• Demand for aviation remains uncertain
in a post covid-19 world. Business
travel appears unlikely to return to
previous levels with VC technology
reducing travel requirements and
businesses becoming more climate
conscious. Airborne leisure travel is
however expected to rebound quickly
and remain resilient.
• Demand for shorter haul flights may
reduce as consumers look for greener
alternatives such as rail, where
available.

• However, residual demand is expected
to be significant with markets in Asia
growing as populations increase in size
and wealth.
What does this mean for investors?
• The short to medium term passenger
demand at airports is particularly
uncertain. Public sentiment against
flying due to its environmental impacts
is developing though it is not clear
what, if any, impact this will have on
long term demand.
• Careful attention needs to be given to
passenger characteristics at particular
airports and the nature of routes flown.
Domestically focussed airports in
nations with good rail connections are
vulnerable to competition.
• Longer term airport development plans
may need to include capex for liquified
hydrogen refuelling. Opportunities
also exist for on-site hydrogen
production.

Fuel-producing companies
bringing large scale, costcompetitive sustainable
aviation fuels (SAF) to the
market

Governments and air
navigation service providers
(ANSPs) eliminating
inefficiencies in air traffic
management and airspace
infrastructure

Aircraft and engine
manufacturers producing
radically more efficient
airframe and propulsion
technologies

Airport operators providing
the needed infrastructure to
supply SAF, at cost, and in
a cost-effective manner

Key actions, IATA resolution for net zero carbon emissions by 2050, 2021
Approved at 77th AGM of IATA
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Maritime
A lack of consensus on net zero fuels for shipping has limited investment across the sector. As a dominant fuel emerges, ports will need to invest
significant sums in related infrastructure.
Shipping of the future
• The decarbonisation of shipping will focus
on alternative fuels. Potential options include
hydrogen, ammonia, methanol and biofuels
all of which have certain limitations
including high current cost and lower energy
density. LNG may become the dominant
transitional fuel for the next decade.
• Electric vessels may become a viable option
for inland and short sea journeys, including
many passenger ferry routes.
Infrastructure changes
• Transitioning the world’s shipping fleet to a
new source of energy will require significant
effort to build fuel production and bunkering
infrastructure. A lack of consensus on the
most appropriate net zero fuel for shipping
has limited investment given the fear of
‘backing the wrong horse’.
• This is particularly apparent in ships
operating without schedule (‘tramp trade’)
who need access to a near-ubiquitous supply
of fuel.
• It has been estimated that up to 87%1 of the
1

costs of decarbonising shipping are
dedicated to creating supply and bunkering
infrastructure. Much of this will be spent on
or near maritime ports.
• As consensus on fuel types are eventually
reached, huge investments will be required
in ports to facilitate bunkering.
Demand for ports
• Global seaborne trade is expected to grow
strongly in the post Covid-19 recovery.
• Certain trends and technologies including
3D printing & automation (allowing
nearshoring), shifting consumer preferences
and trade protectionism may however cause
some depression on long term demand.
What does this mean for investors?
• Long term trade volumes are likely to
remain robust, though shipping of oil and
gas will decline.
• Significant investment in alternative fuel
bunkering will need to be included in port
development plans to remain competitive.
• Electric charge points for short sea trips will
also require installation in the medium term.

Notes:
1. Shipping volume indicates tonmiles (how many tons of cargo
were shipped over how many
miles)
2. World GDP in constant 2010 $, to
eliminate effect of inflation
3. International shipping shown,
accounting for over 80% of global
shipping

Shipping Volume, Emissions and GDP Growth
Source: UNCTAD; World Bank; IEA; Deloitte analysis

Port Coalitions
• 20 of the worlds largest ports handle
45% of global shipping throughput.
• Some believe that large ports can
play a significant role in
decarbonising the sector by aligning
on common goals. This may include
reduced port charges for lower
emission vessels or complete bans
on certain vessel types.

Throughput of the Largest Global Ports
Source: Deloitte analysis based, on UNCTAD (2019), Review of Maritime Traffic; Shanghai International Shipping Institute (2019), Global Port
Development 2018, April

Study by the University Maritime Advisory Services

April 2022

8

How Net Zero is changing transport investment
Arup Perspective

Hydrogen
Expected cost reductions in hydrogen production and distribution are expected to improve the viability of hydrogen fuelled transport. Opportunity lies in
heavy transport applications such as shipping, rail, HGVs and aviation.
Hydrogen in transport

April 2022

wheel’ cost stack for transport. These include hydrogen
production, distribution and end-use equipment costs. The
degree to which each of these impact the total cost of
ownership (TCO) differs by the transport application. For
heavy transport uses, the costs of producing and distributing
hydrogen form the majority of the TCO.
• Significant technological improvements expected in the next
decade, notably in green and blue hydrogen production,
should drive the TCO down and make hydrogen transport
viable in many more applications.
What does this mean for investors?
• Rolling stock and buses are likely to provide the first real
investment potential, either FCEV or retrofitting for direct
hydrogen combustion for the interim.
• The market for dedicated H2 supply, transportation and
distribution will inevitably grow alongside other hydrogen
transport developments.
• Return-to-base H2 fleet is a good option to reduce emissions
for deliverers, transport operators and service providers that
are constrained in expansion for environmental reasons. They
have full discretion over the timing and investments in H2
infrastructure.
• Co-locating hydrogen production to renewable energy
generation sources and a return-to-base fleet depot and offers a
potentially attractive investment opportunity.

10,000

Battery Electric
Vehicles

1000
Weight (tons)

• Hydrogen power, either by direct combustion or use in fuel
cells, is likely to become the predominant fuel for several
transport applications in a decarbonised world.
• As mentioned in previous pages, in certain transport
subsectors (such as shipping and aviation), electrification may
not be technologically feasible. This is principally due to the
particularly low energy density of existing battery technology.
The diagram right (top) illustrates an indicative relationship
between vehicle weight, mileage and potential future fuel
options.
• This diagram indicates that the most appropriate transport
applications of hydrogen will be in aviation, shipping, rail and
potentially heavy goods vehicles and buses. In the case of
aviation and shipping, hydrogen demand may be indirect with
hydrogen used to produce synthetic fuels (Power-to-Liquid) in
the medium term.
• While battery-electric power is currently the predominant
zero-tail pipe emissions solution for light vehicles, FCEVs
may be complementary with the choice being driven by range,
mass-compounding, fuelling times and grid capacity.
• Cost competitiveness is the most significant barrier to
widespread hydrogen adoption in transport. For some subsectors of the transport sector, cost parity with conventional
fuels is closer than others (see chart opposite, bottom).
• There are a range of components to the hydrogen ‘well to

Fuel Cell Electric
Vehicles
Bio- and (H2 based)
synthetic fuels

100

10
1

0.1

10

100

1000+

Average mileage per day/trip (Km)

Indication of application range in transport
Source: Toyota, Hyundai, Daimler
Key:
Hydrogen is
competitive in average
conditions and regions
Hydrogen is
competitive in optimal
conditions and regions

Current expectation of cost competitiveness of hydrogen in transport
Source: Hydrogen Council
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Powering electrification
Electrification across all sectors of the economy will require increases in renewable generation capacity. However, smart charging and new balancing
approaches such as V2G and V2X should reduce peak loads on electricity networks.
Impacts of electrification
• This paper has highlighted the significant
expected shift towards electrically powered
transport modes. With perhaps the exception
of shipping, aviation and heavy goods (at
least in the medium term), electricity will
power a growing share of mobility.
• Such growth in demand for electricity will
require a corresponding increase in net zero
electricity supply (i.e. renewable sources).
• While transport will form a growing portion
of electricity demand, loads from other
decarbonising sectors (for example, electric
heat pumps in heating) will increase
competition for power. In the IEA’s World
Energy Outlook, aggregate electricity
demand increased by c. 50% in just 20 years
under all scenarios.
• However, this demand will not be evenly
spread across the day or year. Battery
powered vehicles for example, if charged
outside of peak demand times, may not
require significant additional generation
capacity. Charge point operators and
suppliers are increasingly offering ‘smart’
charging systems that seek to charge EV
batteries at low cost (off peak) times where
April 2022

•

•

•

•

usage of the vehicle allows. Smart charging
will be an essential first step to minimising
the grid impact of EVs.
National Grid, the UK’s transmission
network owner, estimates that even if every
vehicle became an EV overnight, demand
would only increase by 10%, which is well
within the manageable load fluctuation.
Electricity balancing, rather than capacity, is
likely to pose the largest supply challenge.
Transport modes using batteries may
actually help solve this problem by
becoming integral to the electricity market
balancing system using cutting edge V2G
systems (see box). Most countries are
examining and planning for such a
decentralisation of electricity grids.
V2G enabled charging infrastructure is
expected to grow as the technology matures
and costs reduce. Investors in charging
infrastructure, particularly slower charging
at-home or on street may improve returns
using V2G systems.
Functional V2G systems for the mass market
however remain a considerable time from
reaching maturity.

•
•

•
•

Vehicle-To-Grid (V2G) and V2X
Vehicle to grid technology allows electric vehicle (EV) batteries to store energy and
discharge it back to the electricity network at peak times of the day when energy demand is
at it’s highest.
V2G chargers are optimised to import energy when energy is in abundance and then export
it back to the grid based on the live-needs of the energy system. This system is complex,
often based on AI which draws on data from weather, wholesale electricity prices and other
sources.
Through arbitrage, EV owners connected to a V2G system may earn revenue. Of course this
needs to be balanced against the need to use the EV for its primary purpose.
Currently, V2G chargers are prohibitively expensive and grid challenges remain
considerable. However as the technology matures, payback periods for chargers and grid
connections may reduce to under 5 years.

• In the shorter term V2X systems,
where EVs are integrated as
storage within micro grids or
within houses with renewable
generation, may provide
significant localised benefits.
• Smart Charging could generate
GB energy system net savings of
£180m/annum, and V2G could
save an additional £40-90M
annually in GB by 2030[1].
Source: ignitisinnovation.com
[1] Energy Systems Catapult 2022.
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Net Zero Investment
The climate for low carbon investment is improving. Technology cost reductions, state support and resilient demand should improve returns.

Demand for transport infrastructure

Cost competitiveness of low carbon

Investments of vast scale will be

Governments will be under

is expected to remain resilient as global
wealth increases although mode shifting
to more sustainable options may rise.

required to construct the infrastructure
for zero carbon mobility. Charging
networks, hydrogen production and
distribution and sustainable fuel
production may attract commercial
returns as costs reduce.

April 2022

transport alternatives will increase
rapidly. Battery and hydrogen
production technology improvements
will accelerate uptake across modes.

increasing public pressure to invest in
low carbon mobility and ensure it is
affordable for the masses. Grants and
subsidies may become significant while
increasing carbon emissions costs will
provide a push factor for transport
operators to overhaul operations.
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