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Introduction to the system-level roadmaps

This system-level roadmap responds to a changing automotive environment and provides 
a resource for the automotive industry to build synergies across the system interfaces 
with the wider transport eco-system. 

The roadmap aims to highlight the current and future mobility landscape and shows 
which key trends and drivers are expected to shape automotive road transport for the 
movement of people and goods. 

This roadmap details the role the automotive sector plays in delivering a sustainable, net 
zero transport system. 

The roadmaps have been informed by a series of wide-reaching stakeholder consultations 
to assess the current and future mobility landscape. In total eight technology themed 
roadmaps and two system-level roadmaps have been created. This document, The 
Mobility of Goods, is a systems-level roadmap.

The system-level roadmaps are split into these two focus areas to fully assess the needs 
and requirements for respective products and use-cases. The infrastructure and the 
regulatory landscape differ considerably between people and goods movement, requiring 
dedicated roadmaps along with the supporting narrative report.

The narrative report 
The narrative report supports the executive roadmap by providing the context behind the 
product adoption. The narrative considers regulatory and market drivers alongside the 
work required to develop individual technologies and their supply chain. 

System-Level roadmap

Narrative report 
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Introduction to the system-level roadmaps

This system-level roadmap represents a snapshot-in-time view of the  
global automotive industry propulsion technology and product forecast  
for mass-market adoption.

Lower level of certainty 

Pilot/trial/PoC

High level of certainty

Pilot / trial / PoC 
Indicates the technology / product is 
in a demonstration or testing phase, 
needs more technology and market 
maturity for market adoption.

Certainty levels are applied to individual bars within the roadmaps 
to classify their maturity and rate of mass-market adoption.

Low level of certainty 
Indicates there is uncertainty 
whether the technology / product 
will be adopted in the timeframe.

High level of certainty 
Indicates the technology / 
product is certain to be  
mass-adopted in the timeframe.
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Methodology System-Level Roadmap 2024
Mobility of People

Mobility of People Roadmap

Each category consists of the following key drivers

Energy vectors and  
vehicle propulsion type

Energy carriers used within 
the transport sector for 

different types of vehicles 
and powertrains. 

Drivers and regulations

Policy, environmental, social 
and economic drivers that 
exert influence on vehicle 
designs and powertrains.

Infrastructure enablers

Infrastructure enablers  
that exert influence  
on vehicle designs  
and powertrains.

Technology enablers

Engineering and technology 
enablers that exert  
influence on vehicle  

designs and powertrains.

Private mobility

Vehicles in private use, including passenger cars 
and small urban vehicles, high-performance 
and high-power cars, electric micromobility, 

low-power and high-power motorcycles.

Shared mobility

Vehicles in shared use, including car sharing 
and car rental, taxis and ride sharing, shared 

micromobility, shared mopeds, buses, coaches, 
and Digital Demand Responsive Transport (DDRT). 

Product categories 
The 2024 Mobility of People Roadmap has 
advanced the product classification from  
the previous version (2020).

The Mobility of People Roadmap acknowledges 
different vehicle applications and use-cases will 
require a range of powertrain solutions based 
on their energy and power demand.  
The roadmap is split into two parts:  

• private mobility

• shared mobility

There is a mass-adoption forecast for each of 
these product categories which focuses on 
propulsion technologies and energy vectors 
that are en-route to market maturity.

Key drivers

The forecast will be evidenced by four  
key drivers:

• energy vectors and vehicle propulsion type

• drivers and regulations

• infrastructure enablers

• technology enablers 
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Vehicle classification

Passenger cars
Passenger cars are mainstream vehicles that are common 
globally and include hatchbacks, family cars and Sports Utility 
Vehicles (SUVs). 

Small urban vehicles
Small urban vehicles include both small passenger cars and 
emerging dedicated urban BEVs. Zemo Partnership uses the 
term Powered Light Vehicles (PLVs) for a range of two, three 
and four-wheeled vehicles for either passenger or cargo use3. 
PLVs will fall under the EU regulation of L-category vehicles. 
For the purpose of this roadmap, small urban vehicles include 
micro-cars (L6e and L7e categories).

This emerging sector of micro-cars includes new models of small 
low-speed electric vehicles for one or two people with three or 
four wheels, typically weighing between 100 to 500 kg. These 
vehicles sit between micromobility and passenger cars.

High-performance and high-power cars
High-performance and high-power cars are specialist vehicles 
that are sold in smaller quantities when compared to passenger 
cars and include performance and super cars as well as luxury 
Sport Utility Vehicles (SUVs).

Electric micromobility
Electric micromobility includes a range of small, light,  
low-speed electric vehicles such as e-bikes, cargo bikes and 
e-scooters. They operate at speeds typically below 25 km/h 
(15.5 mph) with a mass typically no more than 500 kg. There are 
also higher speed vehicles available, e.g. higher speed e-bikes, 
which can be operated above 25 km/h and below 45 km/h. 

Motorcycles
A motorcycle is a powered two-wheeled motor vehicle. These 
two-wheeled motor vehicles include everything from high-
powered sport motorbikes to low-powered mopeds. 

Within the roadmap the motorcycle category is split into  
two parts:

• High-power motorcycles: engine power of more than  
50 kW and engine capacity of at least 595 cc; 

• Low-power motorcycles: engine power of below  
50 kW and engine capacity lower than 595 cc.

New vehicle types
It should be noted that a range of new types of  
two- and three-wheelers (L2e – L5e) are being developed  
by the market. 

System-Level Roadmap 2024
Mobility of People
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Vehicle classification System-Level Roadmap 2024
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Cars: car sharing and car rental
Car sharing, also known as car clubs in the UK, enables 
individuals or households to enjoy the benefits of access to a 
car but reduces the need for ownership and, therefore, ongoing 
vehicle maintenance.

These services provide members with access to vehicles on 
a pay-as-you -drive basis with cars sited at various locations. 
Service users can then access the vehicle via their mobile phone. 

There are different types of car sharing models available, 
including peer-to-peer (P2P), where people offer privately-
owned vehicles for rent to others via an online platform which 
also provides insurance.

Car rental differs in that the hirer has access to a vehicle for a 
longer period of time (days, weeks, months - all apply) and is 
typically operated via a rental company’s local branch.  These 
are often located near airports or in urban areas.

Cars: taxis, ride-hailing
Traditional taxis can typically be hailed on the street, at ranks  
or booked by phone or app. Taxi services have  
long-established regulations.

Ride-hailing is a service provided to users when a personal  
driver is booked via an online app / platform (an aggregator).  
The aggregator mediates the service between the driver and the 
passenger. Ride-hailing services are often subject to differing 
regulations depending on where they operate. In some cases, 
maximum taxi fares are set by local authorities while ride-hailing 
services set their own fares and often offer dynamic pricing, 
depending on demand.

Shared micromobility
Shared micromobility provides short-term access to vehicles 
including bikes, e-bikes, e-cargo bikes and e-scooters for  
one-way trips within a defined operating area, typically via an 
app. Users pay on a trip-by-trip or a subscription basis.

Shared mopeds
Shared moped schemes provide short-term access to mopeds 
within a defined operating area, typically via an app. Users pay 
on a trip-by-trip or subscription basis.

Digital Demand Responsive Transport (DDRT)
DDRT is a flexible service that provides shared transport to 
users who specify their desired location and time of pick- up 
and drop-off. It can complement fixed-route public transport 
services and improve mobility in low-density areas and during 
off-peak times.

There are many trials and pilots of DDRT around the world, 
including introducing these services as an alternative to fixed-route 
buses during off-peak hours, in remote neighbourhoods, or as a 
replacement for underperforming fixed bus routes.

Bus
Product types range from bus-rapid-transit (BRT) vehicles 
with dedicated lanes and routes, to medium-duty community 
vehicles and single-decker and double-decker buses. 

Coach
Product types include regional and intercity coaches. These are 
driven towards net zero emissions, since urban access for such 
vehicles is either limited, or net zero transport vehicles may be 
permissible under certain settings.

Typically, coaches are medium-power vehicles and have 
medium -to high-energy requirements to serve long- range 
travel including national and international routes.
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Energy sources

This roadmap provides a list of relevant energy vectors that 
support vehicle propulsion technologies. The colour codes  
are shown against each vehicle application, some propulsion 
types can be supported by more than one energy vector. 
Within each roadmap the height of the bar does not necessarily 
represent the importance of the energy source.

Projected demand for zero emission vehicles in major car 
markets will have significant implications on energy markets.  
Oil demand from road transport is expected to peak around 
2025 and then gradually decrease due to uptake of electric  
and hydrogen vehicles.2

ICE / hybrid energy sources

In addition to petrol and diesel, this energy vector covers lower 
carbon ICE fuels, electricity (in terms of hybrid assistance) 
and hydrogen ICE (ICE that uses hydrogen as fuel). There 
is expected to be a growing need for very low carbon liquid 
and gaseous fuels derived from biomass, waste or renewable 
electricity sources (and combinations of these). Sales of plug-in 
hybrids featuring net zero fuelled ICE and sustainably sourced 
electricity, may be possible beyond 2035. 

Here is a summary of the lower carbon ICE fuel types:

• Natural gas fuels – there are alternative fuels using compressed 
natural gas (CNG) or liquefied natural gas (LNG).

• Biofuels – typically derived from vegetable or animal fats 
and alcohol. It is often considered a net zero emission 
fuel because the CO₂ released during the combustion 
is previously absorbed by the plants from the air. 
Biofuel has a minimal impact on CO₂ emissions.

• Advanced biofuels – these use waste rather than crops 
and can be used in place of diesel offering reduced CO₂ 
emissions. Bio-LNG is a sub-type of this fuel, which is 
made by processing organic waste flows, such as organic 
household and industrial waste, manure and sewage sludge.

• Synthetic fuels, e-fuels – these are produced using a 
combination of hydrogen and carbon dioxide. The renewable 
energy required to produce these fuels is greater than that 
needed to produce green hydrogen. They are a potentially 
carbon-neutral fuel type that can be used in an ICE.

BEVs energy sources

In addition to electrification of passenger cars, the expanding 
product range of urban battery electric vehicles (BEVs), 
including small urban vehicles, require a sustainable electricity 
source. The demand for clean grid electricity will rise based on 
the electrification of passenger cars and growing demand for 
smaller electric vehicles,  
e.g. e-bikes, e-cargo bikes, etc.

Fuel cell energy sources

This category includes fuel cell electric vehicles (FCEVs) and 
hydrogen fuel cell (HFC), where vehicles make use of a fuel cell 
to generate electricity to power their onboard electric motor. 
Hydrogen can be produced through steam methane reformation 
(SMR), which requires carbon capture and storage to be 
considered emissions free or electrolysis.

The hydrogen is then stored cryogenically (liquid hydrogen) or 
at high pressure (gas), and then released through a fuel cell to 
generate electricity to drive one or more electric motors.

To meet net zero targets, hydrogen fuel cells require low carbon 
sources of hydrogen, e.g. blue hydrogen (from natural gas with 
carbon capture and storage technologies) or green hydrogen  
(from renewable electricity). Solid oxide fuel cells can operate on 
existing commercial fuels, e.g. blended biofuels

ICE led
Battery led 
Fuel cell led

System-Level Roadmap 2024
Mobility of People

2 Executive summary – Global EV Outlook 2023 – Analysis – IEA



Private mobility

Vehicles in private use, including passenger cars 
and small urban vehicles, high-performance and 
high-power cars, electric micromobility, low-power 
and high-power motorcycles.

System-Level Roadmap 2024
Mobility of People
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Energy vectors and vehicle propulsion type
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Passenger 
cars and 
small urban 
vehicles

High-performance 
and high-power  
cars

Energy source 
mature for 
widespread 
adoption

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

High level of certainty
Lower level of certainty
Pilot / trials / PoCs

Energy source mature 
for widespread adoption 

System-Level Roadmap 2024
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ICE led
Battery led 
Fuel cell led

Fuel cells competitive with BEV: SUVs, pick ups, sports and luxury segments

ICE and hybrids: high-efficiency for urban and long-range for long distance travel
A niche role for ICE and hybrids potentially using e-fuels

Move to mass-electrification – UK Transport Vision: electricity will be 
the most prevalent form of energy for light vehicles by 2050 with 99% of 

cars and vans expected to be battery-powered by this time

Early commercialisation and growth in models of fuel cell cars: medium and large cars

BEV: mainstream performance with high-performance battery chemistries, ultra-fast charging

Small BEVs (L6, L7) are commonplace in urban areas

A niche role for ICE and hybrids potentially using e-fuelsICE and hybrids: augmenting ICE performance

BEV: use of technology to increase vehicle efficiency and charging 
rates , 800 V systems are being adopted in passenger BEVs

Growth in models of fuel cell cars: SUVs and large cars

Uptake of BEV, proliferation of BEV models with second-hand market growing

BEV trends: cost reduction, improvement of overall range, improved charging efficiency and speed

Small BEV (L6,L7): increased number of models of customised vehicles 
designed for urban living; meaning low voltage and low speed

ICE and hybrids: number of ICE vehicles sold decreasing

Blended fuels moving to low carbon fuels (including gaseous fuels)

Increasing sustainable electricity supply

Net zero compliant fuels, sufficient supply at low cost

Ubiquitous sustainable green electricity supply

Development of hydrogen supply for automotive applications 
and a transition from grey to blue / green hydrogen Green hydrogen, sufficient supply at low cost

Fuel cell: cost competitive with BEVs, 
facilitating greater range
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Motorcycles 
(low-power)

Motorcycles 
(high-power)

Energy source 
mature for 
widespread 
adoption

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

High level of certainty
Lower level of certainty
Pilot / trials / PoCs

System-Level Roadmap 2024
Mobility of People

Electric 
micromobility

Energy source mature 
for widespread adoption 

ICE led
Battery led 
Fuel cell led

Blended fuels moving to low carbon fuels (including gaseous fuels)

Increasing sustainable electricity supply

Net zero compliant fuels, sufficient supply at low cost

Ubiquitous sustainable green electricity supply

Development of hydrogen supply for automotive applications 
and a transition from grey to blue / green hydrogen Green hydrogen, sufficient supply at low cost

Gradual uptake of hydrogen fuel cell motorcycles
New BEV models

Increasing battery range, durability and safety

In Europe, number of e-bikes sold each year is 
expected to triple between 2019 and 2030

Number of ICE motorcycles sold decreasing

Increase in battery range, lighter vehicles, stable vehicles

Emerging new forms of vehicles

Number of ICE motorcycles sold decreasing

Trials of hydrogen cell motorcycles, prototype development

Increasing battery range, mainstreaming of e-mopeds
UK Transport Vision 2050, motorcycle stock:

>80% of motorcycles are electric by 2040
100% of motorcycles are electric by 2050
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Emissions 
standards and  
life cycle impact

CO2 emissions

Light vehicle 
classification 
and regulation

High level of certainty
Lower level of certainty
Pilot / trials / PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Euro 5+

Trials of new forms of micromobility and L2e-L5e category vehicles

New modes for e-scooters forcing new legislation to be drafted and implemented, 
e.g. a new category of LZEV – low speed zero emission vehicles for L1

-15% (WLTP)

Development of regulation for safety of the electric batteries and battery standards

Euro 6

-55% (WLTP)

Regulation for new vehicle types commonly established

UK ZEV Mandate: 80% of new cars sold should 
be zero emission by 2030 and 100% by 2035

Development of a common EU methodology for 
assessing the full life cycle of CO2 emissions of cars

Euro 7
Holistic environmental impact legislation (volatile organic compounds (VOC),

resource use, land use) and net zero LCA compliance 
Focus on reduction of manufacturing emissions

Fit for 55: 100% reduction for the EU fleet-wide CO2 emission

EU considering to permit sales and registration of new ICE models after 2035 
provided those vehicles operate only on carbon-neutral fuels (e-fuels)

95g CO2/km (NEDC)

Super credits system (EU) ZLEV crediting  
system (EU)

Reducing manufacturers’ 
emission credit cap:   

for innovations reducing  
on-road CO2 emissions,  

by upto 4g / km per year 
from 2030 until 2034 

(currently 7g / km per year)

Introduction of specialised user training for light vehicles
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Active travel 
policy

Zone regulation

Safety regulation

Congestion charging zones

Ultra-low Emission Zones, Zero-emission Zones

By 2050 Vision Zero achieved in  
certain European countries

Holistic approach to RUC, including congestion charges, 
localised Ultra-low Emission Zones and road user fees

Focus on cybersecurity and data sharing safety

Inclusion of ADAS and ARAS capabilities in existing regulations, 
laying the groundwork for automated driving

Anticipatory regulation allowing autonomous trials

Increasing number of cities are committing to Vision Zero 

Policies favouring non-car modes in urban areas

Development of Sustainable Urban Mobility Plans (SUMPs)

Increased parking restrictions and alternative uses of parking spaces in urban areas

Standards developed around battery safety, infrastructure and operational use

Improvement of rural connectivity, rural mobility strategies and plans

Reduced use of private vehicles in urban areas

Increasing pedestrianisation and vehicle entry restrictions, car-free zones. Focus 
on shifting private car journeys to public transport and active travel

Pilots of local Road User Charging (RUC) schemes
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Adoption 
incentives

Total cost of 
ownership

New business 
models

High level of certainty
Lower level of certainty
Pilot / trials / PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Potential for lower insurance costs driven by ADAS development. New insurance 
models: developing market for liabilities on system and service reliability

In countries leading the ZEV uptake in Europe, the number of incentives will decrease over time

Certain countries introducing incentives for buying electric micromobility vehicles; scrappage schemes

Gradual decrease in operating costs of ZEVs

Cost of driving increasing due to RUC / congestion charging

Growth of subscription-based business model 

Use of technologies to improve customer experience for longer term private car rental
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Automation

Digitalisation 
(including  
digital twins)

Vehicle platforms

Changes to vehicle designs 
where a driver is not required Urban transport 

system in the UK to 
be fully autonomous 

by 2050

Road vehicles are 
capable of fully  

co-operative drivingValet parking as an optional feature in private vehicles

Cost-effective technology / product solutions, 
e.g. for sensors, HD mapping

Valet parking implemented more widely

Pilots of digital kerb

Mainstream product solutions for CAV

Manufacturing of vehicles ready for NUiCs at scale

Deployment of personal mobility 
vehicles for private ownership 

AI-enabled predictive analytics for city planning, route task planning for CAVs

Shift away from SAE levels of automation to  
User-In-Charge / No User-In-Charge principle

Supply chain efficiencies associated with deployment of AI and digitalisation

Establishment of digital twins for manufacturing and operations

Mass-manufacture of platforms that are modular and scalable

Increased efficiency of assembly: modular assemble, unboxed assemble process

Digitalisation of 
kerb space

Embedded digitalisation across product and infrastructure

Development of data sharing standards

Digitally and AI-enhanced supply chains



Private mobility

Infrastructure and technology enablers

16

System-Level Roadmap 2024
Mobility of People

High level of certainty
Lower level of certainty
Pilot / trials / PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Charging 
infrastructure

Hydrogen 
refuelling

Growth in provision of charging infrastructure (including all charging speeds)

Adoption of bi-directional charging: Vehicle to Grid (V2G), Vehicle to Home (V2H) and Vehicle 
to Load (V2L), smart charging to manage peak and off-peak charging, load balancing

Growth of standardised and interoperable infrastructure; normalised use of terminology
Extensive coverage of standardised and interoperable charging networks

Mainstream adoption of bi-directional charging: V2G, V2H and V2L

EU regulation stipulates that the hydrogen refuelling infrastructure must be deployed from 2030 in 
all ‘urban nodes’ and every 200km along the TEN-T core network, which links these urban nodes

Reduced hydrogen distribution costs

Growth in number of  
refuelling stations.  

2025 to 2030 stations will 
more than triple in leading 

European countries

Implementation of charging infrastructure for private micromobility

Testing of Battery-as-a-Service model for cars (dominated by China, first stations in Europe)

Battery lease model deployed by some OEMs

Growth of Battery-as-a-Service model for low-power motorcycle
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

C-ITS

Active travel 
infrastructure

Deployment of 6G, large scale commercial 
deployments expected from 2030 in the UK Deployment of 7G, widespread 7G coverage by 2050

Connected corridors and highways, cross-border connectivity

Significant increase in cycling infrastructure provision funded by governments

Development of Mobility Hubs

Increase in provision of micromobility parking, compact infrastructure, parking for cargo bikes

Large scale testing sites for CAVs

Deployment of 5G infrastructure, by 2030  
two-thirds of the global workforce will use 5G

Adoption of 5G-V2X in passenger cars



Shared mobility

Vehicles in shared use, includes car sharing and 
rental, taxis and ride-sharing, shared micromobility, 
shared mopeds, buses, coaches and Digital Demand 
Responsive Transport (DDRT). 
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Car-sharing 
and car 
rental

Taxis,  
ride-hailing

Energy source 
mature for 
widespread 
adoption

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

High level of certainty
Lower level of certainty
Pilot/trials/ PoCs
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Energy source mature 
for widespread adoption 

ICE led
Battery led 
Fuel cell led

Blended fuels moving to low carbon fuels (including gaseous fuels)

Increasing sustainable electricity supply

Net zero compliant fuels, sufficient supply at low cost

Ubiquitous sustainable green electricity supply

Development of hydrogen supply for automotive applications 
and a transition from grey to blue / green hydrogen Green hydrogen, sufficient supply at low cost

ICE and hybrids: high efficiency for short distance and long range for long-distance travel

ICE and hybrids: augmenting ICE performance

BEV: all electric fleets in leading 
ride-hailing companies

Small BEV (L6,7): increased number of models of customised vehicles design, low voltage, low speed use

BEV trends: cost-reduction, improvement of range, 800 V systems are being adopted

Uptake of BEV, number of available BEV models is increasing

Number of ICE vehicles sold rapidly decreasing 

A niche role for ICE and hybrids using e-fuels

Small BEVs (L6,7): commonplace in urban areas for car-sharing

Early commercialisation and growth in models of fuel cell cars: medium and large cars Fuel cell: cost competitive with BEVs, facilitating longer distance trips

BEV: use of technology to increase vehicle efficiency and 
charging rates, 800 V systems are being adopted

14% of taxi share to be FCEV by 2030 in EU (Hydrogen Roadmap Europe)

Uptake of BEVs

A niche role for ICE and hybrids potentially using e-fuels

Move to mass-electrification – car stock
UK Transport Vision: electricity will be the most prevalent form  
of energy for light vehicles by 2050 with 99% of cars and vans 

expected to be battery-powered by this time

BEV: mainstream adoption with high-performance and increased range, ultra-fast charging
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Shared 
micromobility

Shared 
mopeds

DDRT

Energy source 
mature for 
widespread 
adoption

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

High level of certainty
Lower level of certainty
Pilot/trials/ PoCs
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Energy source mature 
for widespread adoption 

ICE led
Battery led 
Fuel cell led

Blended fuels moving to low carbon fuels (including gaseous fuels)

Increasing sustainable electricity supply

Net zero compliant fuels, sufficient supply at low cost

Ubiquitous sustainable green electricity supply

Development of hydrogen supply for automotive applications 
and a transition from grey to blue / green hydrogen Green hydrogen, sufficient supply at low cost

Increasing battery range of e-mopeds

New models of two and three wheelers, quads

DDRT services are being implemented using ICE vehicles Remaining ICE vehicles use e-fuels and non-fossil fuels

Gradual increase of BEV fleets

Emerging new forms of micromobility vehicles

Increase in battery range, lighter, safer and stable vehicles
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Bus

Coach

Energy source 
mature for 
widespread 
adoption

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

High level of certainty
Lower level of certainty
Pilot/trials/ PoCs
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Energy source mature 
for widespread adoption 

ICE led
Battery led 
Fuel cell led

Blended fuels moving to low carbon fuels (including gaseous fuels)

Increasing sustainable electricity supply

Net zero compliant fuels, sufficient supply at low cost

Ubiquitous sustainable green electricity supply

Development of hydrogen supply for automotive applications 
and a transition from grey to blue / green hydrogen Green hydrogen, sufficient supply at low cost

TCO parity with diesel 
buses by 2030

BEV: potential for flash-charging

Remaining ICE vehicles use e-fuels and non-fossil fuels

Fuel cell: range 
parity with ICE

ICE: blended and low-carbon fuels (especially for rural areas), emission zones compliance in urban areas

Fuel cell: growth of hydrogen coaches
Fuel cell: TCO parity with BEV, trading lower well-to-wheel efficiency for higher range

Remaining ICE vehicles use e-fuels and non-fossil fuels

Fuel cell: TCO competitive with large battery EV, trading lower well-to-wheel efficiency for higher range

Range extension, geofencing for operations within designated zones in urban areas

Large battery EV: more suited for inter-urban applications

Small battery EV: more suited for urban areas

Uptake of BEV buses

Fuel cell: uptake of hydrogen buses

BEV: energy-efficient and multiple-charging options
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Emissions 
standards and 
life cycle impact

CO2 emissions

High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Fit for 55: 100% reduction for the EU fleet-wide CO2 emissions

EU permits sales and registration of new ICE models after 2035 
provided vehicles operate only on carbon-neutral fuels (e-fuels)

Euro 6

Super credits system (EU) ZLEV crediting  
system (EU)

Reducing manufacturers’ 
emission credit cap:   

for innovations reducing  
on-road CO2 emissions,  

by upto 4g / km per year 
from 2030 until 2034 

(currently 7g / km per year)

Vecto uptake

Euro VI

A common EU methodology for assessing 
the full life cycle of CO2 emissions of cars

95g CO2 / km (NEDC)

Euro 7

CO2 – 15% CO2 – 45% CO2 – 60% CO2 – 90%

-15% (MLTP) -55% (MLTP)

Euro 5+

UK ZEV Mandate: 80% of new cars sold should 
be zero emission by 2030 and 100% by 2035

Holistic environmental impact legislation (VOC, resource 
use, land use) and net zero LCA compliance
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Light vehicle 
classification 
and regulation

Active travel 
policy

Zone regulation

Increasing pedestrianisation and vehicle entry restrictions, car-free zones in urban areas 
Focus on shifting private car journeys to public transport and active travel

Regulation for new vehicle types commonly established

Holistic approach to road-user charging, including congestion charges,  
localised Ultra-low Emissions Zones / Zero-emission Zones and  

road-user fees (including pay-as-you-go road-user charging)

Reduction in the use of private vehicles in urban areas and increased use of shared modes

Policies favouring sustainable transport modes in urban areas 

Pilots of local RUC schemes

Development of SUMPs

Cities tightening shared micromobility operations with some 
cities banning shared e-scooters, e.g. Paris

New modes such as shared e-scooters forcing new legislation to be drafted and 
implemented, trials of new forms of micromobility and L2e-L5e category vehicles

Congestion-charging zones

Development of regulation and standards for battery safety

Increased parking restrictions and alternative uses of parking spaces in urban areas

Ultra-low Emissions Zones, Zero-emission Zones

Improvement of rural connectivity, rural mobility strategies and plans

Introduction of specialised user training for light vehicles
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Safety regulation

Adoption 
incentives

Total cost of 
ownership

High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Inclusion of ADAS and ARAS capabilities in existing regulations, 
laying the groundwork for automated driving

Anticipatory regulation allowing trials

Incentives to shared electric mobility,
e.g. road-user charging discounts

Potential for lower insurance costs driven by ADAS development

Standards develop around battery safety, infrastructure and operational use

Increasing safety of shared micromobility vehicles

Cost of driving in urban areas increasing due to RUC / congestion-charging

Increasing number of cities and countries committing to Vision Zero

Focus on cybersecurity and data-sharing safety

Support of ZEV buses by governments through funding and grants

Local and transport authorities mandating procurement of zero tailpipe emission buses

New fleet logistics and operator models

Support for ride-hailing and taxi drivers to switch to ZEVs

Funding provided to DDRT schemes to cover operational costs

Gradual decrease in operating costs of ZEVs

Gradual decrease in operating costs with introduction of AV / CAV fleets

By 2050 Vision Zero achieved in 
certain European countries

Transition to new funding models for public transport
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

New business 
models Growth of shared mobility subscription models, e.g. shared e-bikes and e-mopeds

Increasing move to franchising and devolution for public transport in the UK

Use of technologies to improve customer experience for longer-term car rental
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Automation Cost-effective technology / product 
solutions, e.g. for sensors, HD mapping

Partnerships between operators and vehicle providers

Automated ride-hailing trials

Changes to vehicle designs where a driver is not required

Automated bus and DDRT trials, geofencing

Shift away from SAE levels of automation to  
User-In-Charge / No User-In-Charge principle

Mainstream product solutions for CAV

Automated buses deployed in cities on a wider scale

Automated ride-hailing services / car-sharing models emerge, specific vehicle designs

New insurance models: developing market for 
liabilities on system and service reliability

Integrated business 
case enabling efficient 
transport of people

Urban transport system 
in the UK to be fully 
autonomous by 2050

Road vehicles are  
capable of fully  

co-operative driving

Manufacturing of vehicles ready for NUiCs at scale

Deployment of personal mobility vehicles for shared use
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Digitalisation 
(including  
digital twins)

MaaS

Vehicle platforms

Implementation of transport subscriptions in some MaaS platforms

MaaS pilots and increased digital ticketing
MaaS adopted more widely by 2030 with digital planning  (booking and payment for transport) the norm

Mass-manufacturing of platforms that are modular and scalable

Modular bus design and platforms

Increased efficiency of assembly: modular assemble, unboxed assemble process

Pilots of digital kerb

Embedded digitalisation across product and infrastructure

AI-enabled predictive analytics for city planning, route task planning for CAVs

Development of data-sharing standards

Digitally and AI-enhanced supply chains

Digitalisation of 
kerb space

Supply chain efficiencies associated with deployment of AI and digitalisation

Establishment of digital twins to manage city infrastructure
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Fleet 
management 
and system 
efficiency

Timetable balancing for increasing EV fleet (charge and range)

More efficient configuration of routes for shared mobility services

Optimised heating and cooling to reduce energy demand

Information-enabled control systems, V2X communication, telemetry, location management, geofencing applied to shared mobility markets

Optimise energy usage for enhanced features such as CAV and infotainment
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

Charging 
infrastructure

Hydrogen 
refuelling

EU regulation stipulates that the hydrogen refuelling infrastructure must be deployed from 2030 in 
all ‘urban nodes’ and every 200km along the TEN-T core network, which links these urban nodes

Growth in number of  
refuelling stations.  

2025 to 2030 stations  
will more than triple 

in leading European 
countries

Growth in provision of shared micromobility charging

Mainstream adoption of bi-directional: V2G, V2H and V2L

Extensive coverage of standardised and interoperable charging networks

Growth in provision of depot charging

Growth in provision of charging infrastructure (including all charging speeds)

Growth of Battery-as-a-Service model for shared micromobility and mopeds

Adoption of bi-directional charging: V2G, V2H and V2L.  
Smart charging to manage peak and off-peak charging, load balancing

Growth of standardised and interoperable infrastructure; normalised use of terminology

Wireless and robotic charging pilots

Testing of Battery-as-a-Service model for cars (dominated by China, first stations in Europe) 

Wireless and robotic charging

Reduced hydrogen distribution costs

Flash-charging pilot schemes
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High level of certainty
Lower level of certainty
Pilot/trials/ PoCs

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

C-ITS

Active travel 
infrastructure

Adoption of 5G-V2X in passenger cars

Deployment of 5G infrastructure by 2030 
two-thirds of the global workforce will use 5G

Large-scale testing sites for CAVs Connected corridors and highways, cross border connectivity

Deployment of 6G, large-scale commercial 
deployments expected from 2030 in the UK Deployment of 7G, widespread 7G coverage by 2050

Significant increase in active travel infrastructure provision funded by governments

Development of Mobility Hubs

Increase in provision of shared micromobility parking, compact infrastructure, parking for shared cargo bikes
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AI  Artificial Intelligence

AD  Automated driving

ADAS  Advanced driver assistance system

ADS  Automated driving system

ARAS Advanced rider assistance systems

BEV  Battery electric vehicle

BRT  Bus rapid transit

CAV  Connected and autonomous vehicle

C-ITS  Co-operative intelligent transport systems

CNG  Compressed natural gas

DfT  Department for transport

DDRT  Digital demand responsive transport

EV  Electric vehicle

EU  European Union

FCEV  Fuel cell electric vehicle

HD  High definition

HGV  Heavy goods vehicle

ICE  Internal combustion engine

LCA  Life cycle assessment

LNG  Liquefied natural gas

MaaS  Mobility-as-a-service

NEDC  New european driving cycle

NUiCs  No-user-in-charge vehicles

PLV  Powered light vehicle

PoC  Proof of concept

RUC  Road user charging

SAE  Society of automotive engineers

SUMP  Sustainable urban mobility plan

SUV  Sports utility vehicle

TCO  Total cost of ownership

UK  United Kingdom

UKRI  UK Research and Innovation

V2G  Vehicle-to-grid

V2H  Vehicle-to-home

V2L  Vehicle-to-load

V2X  Vehicle-to-everything

VECTO Vehicle energy consumption calculation tool 

VOC  Volatile organic compounds

WLTP Worldwide harmonised light vehicle test procedure

ZEV Zero emission vehicle

ZLEV Zero and low emission vehicle



Established in 2013, the Advanced Propulsion Centre UK (APC), with the backing of the UK 
Government’s Department for Business and Trade (DBT), has facilitated funding for 304 low-carbon 
and zero-emission projects involving 538 partners. Working with companies of all sizes, this funding 
is estimated to have helped to create or safeguard over 59,000 jobs in the UK. The technologies and 
products that result from these projects are projected to save over 425 million tonnes of CO2.

The APC would like to acknowledge the extensive support provided by industry and academia in 
developing and publishing the roadmaps.
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