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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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Mobility of Goods Roadmap System-Level Roadmap 2024
Mobility of Goods

Product categories 
The 2024 Mobility of Goods Roadmap has 
advanced the product classification from the 
previous version (2020) and is now split into  
three categories: 

•	 localised goods movement

•	 long-haul goods movements

•	 Off-highway including Non-Road Mobile 
Machinery (NRMM)

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 

Localised goods movement

Typically commercial sector trips 
of 150 miles or less operating on 
connector and distributor roads.

Long-haul goods movements

Typically commercial trip of more 
than 150 miles operating on the 

national road network to connect 
producers and consumers, both 

national and international.

Mobility of Goods Roadmap

Off-highway (Including NRMM)

This includes the use of non-public 
roadways used for commercial 

purposes, e.g. construction  
or agriculture.

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.
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Vehicle classification

Small urban vehicles
These are typically low-peak power due to modest weight and 
acceleration requirements. Low- to medium-onboard energy 
is required as, in most cases, range needs are constrained 
by urban usage. Product types vary from small passenger 
cars, which are often produced by global original equipment 
manufacturers (OEMs), to emerging concepts that are dedicated 
urban battery electric vehicles (BEVs), some from new market 
entrants. For the purpose of this roadmap, small urban vehicles 
include micro cars (L6e and L7e categories). 

Ultra-Light Goods Vehicles (ULGVs)
Ultra-Light Goods Vehicles (ULGVs) include a range of vehicles 
used for the mobility of goods and are lighter than typical Light 
Goods Vehicles, e.g. all vehicles used for goods smaller than a 
car or van. Vehicles in this category have significant variance in 
form and includes Powered Light Vehicles  
(PLVs) / Electric Assist Vehicles (EAVs), e-bikes, cargo bikes, 
unmanned aerial vehicles (UAVs), autonomous pavement 
robots, motorcycles and mopeds.

Motorcycles include both high-power (sport motorbikes) and 
low-power (mopeds). A moped would normally have an engine 
capacity no greater than 50 cc and a max speed of 28 mph. 

Light Goods Vehicles (LGVs)
An LGV, or a light commercial vehicle (LCV) in the European 
Union, Australia and New Zealand, is a commercial carrier 
vehicle with a gross vehicle weight of up to 3.5 tonnes or 
up to 4.25 tonnes for electric vehicles. This classification 
includes cars. Whilst cars have typically been associated with 
the movement of people / passengers rather than goods and 
products, there are the occasions now where on-demand 
delivery companies use cars to deliver items in constrained 
urban environments as opposed to more traditional delivery 
modes, e.g. Medium Duty Vehicles (MDVs).

Heavy Goods Vehicles (HGVs)
An HGV is a 2-axle to 6-axle commercial carrier vehicle with a 
gross vehicle weight of at least 3.5 tonnes. Within the localised 
Mobility of Goods category, this typically includes the following 
types of vehicles:

•	 Smaller 2-axle lorries (maximum tonnage of 3.5 – 7.5 tonnes)
•	 Larger 2-axle lorries (maximum tonnage of 7.5 - 18 tonnes)
•	 3-axle lorries (maximum tonnage of 18 - 26 tonnes)
•	 4 / 5 / 6-axle lorries (26 tonnes plus)

Off-highway (Including NRMM)
Off-highway activity is defined as any mobile machine, 
transportable equipment, or vehicle with or without bodywork  
or wheels, which is not intended for carrying passengers or 
goods on the road. Examples include:
•	 construction machinery  

(excavators, loaders, bulldozers, etc.)
•	 agricultural and farming machinery  

(harvesters, cultivators, etc.).

Typical vehicle types include smaller excavators, dumpers, 
telehandlers, as well as most ATVs, tractors, and forklifts, 
heavier excavators, dumpers, telehandlers, as well as cranes, 
haul trucks and large agricultural vehicles, e.g. combine 
harvesters. NRMMs can reach very large vehicle and capacity 
weights in the hundreds of tonnes, e.g. large quarry haul trucks.

For the purposes of developing these roadmaps, this product 
type excludes:
•	 small gardening and handheld equipment  

(lawn mowers, chainsaws, etc.)
•	 military and recreational craft
•	 railcars, freight trains, water and air-based vehicles.

System-Level Roadmap 2024
Mobility of Goods
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Vehicle propulsion technologies

This roadmap provides a list of relevant energy carriers that 
support vehicle propulsion technologies. The colour codes 
(orange, green and blue) are shown against each vehicle 
application, some of which can be supported by more than one 
energy carrier. Within the roadmap, the height of the bar does 
not necessarily represent the importance of the energy carrier.

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 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:

•	 Advanced biofuels – these use waste rather than crops, 
can be used in place of diesel, and provide reductions in 
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.

•	 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.

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

•	 Synthetic fuels, efuels – 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  
carbon-neutral fuel type that can be used in an ICE.

BEVs energy sources
In addition to cars, the expanding product range of urban BEVs, 
including new urban mobility vehicles, require a sustainable 
electricity source. The demand for clean grid electricity will 
rise as the electrification of cars and LGVs is complemented 
by increasing numbers of low-speed, power-efficient urban 
solutions appearing in the market. This category also includes 
external electricity sources, like overhead catenary systems.

Fuel cell energy sources
This category includes fuel cell electric vehicles (FCEVs) or 
hydrogen fuel cell (HFC), where vehicles make use of a fuel cell 
to generate electricity to power their onboard electric motor. 

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 fuel, e.g. blended biofuels

ICE led
Battery led 
Fuel cell led

System-Level Roadmap 2024
Mobility of Goods
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Localised goods movements

Typically commercial sector trips of 150 miles or less 
operating on connector and distributor roads.
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Energy vectors and vehicle propulsion type
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Ultra-light 
goods 
vehicles
(PLV, EAPC, 
cycles, etc.)

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

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

ICE led
Battery led 
Fuel cell led

ICE	 Internal Combustion Engine
BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)

EAPC	 Electrically assisted pedal cycles
PLV	 Powered Light Vehicle

ULGV	 Ultra Light Goods Vehicle
LGV	 Light Goods Vehicle

System-Level Roadmap 2024
Mobility of Goods

New ULGV increasingly specialised to suit broader use-case, 
e.g. service delivery adaptations, load capacity increases

Experimentation and uptake of new vehicle types, e.g. PLV, quadracycles

Increased battery range, lighter vehicles, stable vehicles 

Large-scale shift of last-mile and light 
goods to ULGV in many geographies ULGV becomes default mode for certain use-cases

Trials of hydrogen fuel cell motorcycles, prototype development

Market-led transition from petrol / diesel two-wheelers in  
low-speed use-cases, e.g. delivery scooters to e-cycles

Regulatory phase-out period for petrol / diesel two-wheelers. Transitioned to 
cycle / EAPC, BEV, or innovative ULGVs, e.g. autonomous pavement robots
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LGV <3.5 t 
(4.25 t BEV)

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

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

ICE led
Battery led 
Fuel cell led

ICE	 Internal Combustion Engine
BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)

EAPC	 Electrically assisted pedal cycles
PLV	 Powered Light Vehicle

ULGV	 Ultra Light Goods Vehicle
LGV	 Light Goods Vehicle

System-Level Roadmap 2024
Mobility of Goods

Some use of biofuels but likely limited to around 10%

Vehicle development to increase power, capacity and load-broadening suitability

BEV usage increasing for LGVs with predictable routes 
and charging patterns / requirements. Growing adoption by 

urban service vehicles (depot and home charging)

BEV becomes primary 
choice for new vehicle 
procurement in some 

geographies

Diesel ICE LGV 
broadly uncommon 
across geographies

Few petrol / diesel LGV 
in geographies where 

sales ended late 2030s

Low procurement of ICE LGVs 
(compulsory in many geographies), 

largely replaced by BEV uptake

Development of HFC, but role limited in LGV fleets, primarily for heavily-used vehicles

Peak transition period to alternatively-fuelled  
vehicles for LGVs

Fuel mix change

Increased uptake of hybrid vehicles, 
more so at higher weights

BEV: fast charging and 800 V systems (including wireless)

Phase-out of diesel ICE vehicles (especially in locations where sale 
of new entirely diesel / petrol ICE vehicles prohibited)

Localised LGV fleets primarily BEV 
except heavily-used vehicles

Regulatory phase-out period for petrol / diesel two-wheelers. Transitioned to 
cycle / EAPC, BEV, or innovative ULGVs, e.g. autonomous pavement robots

Market-led transition from petrol / diesel two-wheelers in  
low-speed use-cases, e.g. delivery scooters to e-cycles
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

ICE led
Battery led 
Fuel cell led

HGV >3.5 t
(4.25 t BEV) – 26 t

HGV >26 t

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ICE	 Internal Combustion Engine
BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)

EAPC	 Electrically assisted pedal cycles
PLV	 Powered Light Vehicle

ULGV	 Ultra Light Goods Vehicle
LGV	 Light Goods Vehicle

System-Level Roadmap 2024
Mobility of Goods

Increased uptake of low-carbon fuels

Development of H2 ICE in use

Local air quality impacting models increasingly prohibited from urban areas

Limited / experimental real-world  
uptake of BEV HGV

Uptake of BEV HGV <26 t: regional trips where depot, medium 
ranges, scheduled and predictable charging patterns exist

Development of HFC in use

Diesel ICE HGV dominant but decreasing Phasing-out of diesel fleet

Uptake of HFC increases

Limited / experimental  
real-world uptake of BEV HGV

44-tonne hydrogen HGV (ZERFT trial)

Uptake of BEV HGV >26 t: depot, low ranges, scheduled, e.g. urban service vehicles

Increased uptake of low-carbon fuels. Important as passenger vehicles increase demand on grid

Development of H2 ICE in use

Development of hybrids with both HFC and ICE technologies

ICE HGV dominant but decreasing Phasing out of petrol / diesel fleet

Peak transition period for BEV HGVs with suitable 
use-cases, especially urban service vehicles

Development of HFC in use Uptake of HFC increases



Localised goods movements

Energy vectors and vehicle propulsion type

12

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

ICE led
Battery led 
Fuel cell led

ICE	 Internal Combustion Engine
BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)

EAPC	 Electrically assisted pedal cycles
PLV	 Powered Light Vehicle

ULGV	 Ultra Light Goods Vehicle
LGV	 Light Goods Vehicle

All modes

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

System-Level Roadmap 2024
Mobility of Goods

Grey hydrogen production (without carbon capture and storage)

Blue hydrogen – carbon capture and storage development 
being explored through industry pilots

Development of electrolysers for green hydrogen

Local production of hydrogen as a fuel for local use

Scaling-up of thermal and nuclear hydrogen technologies

Blue hydrogen – scaling-up of carbon capture and storage
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Drivers and regulations

13

EC	 European commission
GSR2	 General Safety Regulations 2
LCA	 Life cycle assessment

NEDC	 New European Driving Cycle
RTFO	 Renewable Transport Fuel Obligation
RUC	 Road User Charging

ULGV	 Ultra Light Goods Vehicle
VOC	 Volatile organic compounds
WLTP	 Worldwide harmonized light vehicles test procedure

Emissions 
standards and life 
cycle impact 

CO2 emissions

Policies for 
zero-impact 
vehicles

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 Goods

Euro 6

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

95g CO2/km (NEDC)

Disincentives to motor vehicles, like cars and motorbikes, and various 
incentives and grants introduced in support of ULGV, e.g. for cargo bikes

Minimum mandatory national targets for the 
deployment of alternative fuels infrastructure (EU)

Zero-impact vehicle credits and mandates in specific UK areas, plug-in grants (small and large vans and trucks)

Euro 7

Broader adoption of zero-impact vehicle mandates to achieve 
net zero CO2 and local air quality ambitions

55% reduction (WLTP)15% reduction (WLTP)

Holistic environmental impact legislation (VOC, resource use, land use) and net zero LCA compliance

100% reduction for the EU fleet wide CO2 emission

Further extension and rollout of Low / Zero Emission Zones

RTFO renewable fuel 
obligation 14.6% in 2032

Ban on sale of  
non-zero emission 

lorries <26 t (UK only)

Ban on sale of  
non-zero emission 

L-cat vehicles (ULGV)

Ban on sale of  
non-zero emission 

lorries >26 t (UK only)

Net-zero emissions 
by 2050 (EU)

UK and European authority approvals alignment at various annual volumes, including roll out of GSR2 / safety systems implementation

‘Fit for 55’ package agreed, with zero CO2 emissions for new cars and vans by 2035 in the EU

CO2: 43% reduction 
minimum  

(CO2 equivalent) EU
CO2: 15% reductionVECTO uptake

CO2: 64% reduction 
minimum

(CO2 equivalent intro)

CO2: 90% reduction minimum
(CO2 equivalent intro)
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Drivers and regulations
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Regional policy:  
town planning

Regional policy: 
emissions and 
noise restriction 
zone

Adoption 
incentives

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

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

CAZ	 Clean air zone
RTFO	 Renewable Transport Fuel Obligation
RUC	 Road User Charging

ULEZ	 Ultra Low Emission Zone
ZLEV	 Zero Low Emission Vehicle

System-Level Roadmap 2024
Mobility of Goods

Kerbside management less favourable to motor vehicles. Increased delivery 
restrictions in urban areas and alternative uses of parking spaces

Non-exhaust emissions early research

Most major cities UK / EU have CAZ

Last-mile logistics hub trials and pilots

Growing understanding and regulation of non-exhaust emissions

CAZ / ULEZ introduced to certain locations will further develop reduced emissions tolerances

Improvements in energy density for weight-limited use-cases

In suburban / rural location, kerbside management is less favourable to motor vehicles 
and alternative uses of parking spaces (with dynamic booking systems)

Further uncertain development of urban morphologies, likely to promote 
low emission modes and hinder larger vehicle movements

Increasing noise restriction areas 
and construction noise limits

Reducing the cap of emission credits that 
manufacturers can receive for eco-innovations that 

verifiably reduce CO2 emissions on the road

Development of logistics hubs facilitating last-mile mode shift

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

Certain countries introducing incentives for buying electric micromobility vehicles; scrappage schemes. Some incentives based around CO2 and air quality combined, versus others just focused on CO2

Policies developed in certain locations restricting motor vehicle 
movements: 15-minute cities, active travel infrastructure, HGV bans
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Total cost of 
ownership

Market demand / 
change

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ADAS	 Advanced Driver Assistance Systems
CSR	 Corporate Social Responsibility

ESG	 Environmental Social Governance
RUC	 Road User Charging

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

System-Level Roadmap 2024
Mobility of Goods

Decrease in cost of hydrogen, hydrogen tanks, fuel cells

Continued growth of home deliveries

Decrease in costs of zero-impact vehicles (proportional to uptake and market share)

Contract specifier demand emissions reductions / best-practice schemes

Potential for lower insurance costs driven by ADAS development

Consumer demand for low emissions operators with pressure growing for alternative modes

Reduced vehicle downtime, e.g. period of vehicle unavailability due to ADAS enhancements

Corporate ESG / CSR policies encouraging fleet transition

Cost of driving in urban areas increasing due to road pricing schemes, e.g. RUC, congestion charging

Demand for ZEVs requires grid capacity and infrastructure improvements, particularly within the HGV sector

Electric vehicles (FCEV 
and BEV) achieving 

TCO price parity with 
diesel counterparts
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Smaller vehicle 
/ optimisation 
infrastructure 
development

Grid 
development

Charging 
infrastructure

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

LTN	 Low Traffic Neighbourhood
V2X	 Vehicle to everything

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

System-Level Roadmap 2024
Mobility of Goods

Information-enabled control systems, V2X communication, telemetry and location management

Heavy development of energy systems and movement to smart dispersed grids

Time of use charging measures, e.g. tariffs, defaults Smart charging 
development Vehicle-to-grid development to broader usage

Megawatt / high-power-charging rollout

Battery swapping for smaller vehicles / last-mile delivery

Public and private charging infrastructure development (electricity)

Development of logistics systems, e.g. transhipment hubs which facilitate transition to smaller vehicles

Leading geographies shift large percentage of energy production to low-carbon sources

Some geographies undergo prioritisation of urban streetscapes which benefits  
ultra-light vehicles, e.g. LTNs, modal filtering, cycle lanes, kerbside management

Expansion of charging network and capability as fleets transition

Rollout of micromobility charging infrastructure

Broad usage of low-carbon energy sources across geographies

Systems and infrastructure supporting usage of last-mile matures

Initial connection of 
rapid-charging hubs

Challenges and uncertainties present competing demands as industry areas electrify

Wireless charging during loading / unloading 
(though likely excluding heaviest vehicles)

Rapid expansion of grid capacity required / prioritisation of existing capacity and resolution 
of localised competing energy requirements in high-use areas needed

Leading geographies decreasing usage of high-carbon 
energy sources to manage peak demand

Development of rapid / ultra-rapid-charging 
network – good coverage in urban areas. Growing 

fleet of rapid-charge-capable vehicles
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Hydrogen 
technologies

Lower-carbon 
fuels – refuelling 
infrastructure

Vehicle design 
and manufacture

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

HGV	 Heavy goods vehicle
HVO	 Hydrotreated vegetable oil

ICE	 Internal Combustion EngineHigh level of certainty
Lower level of certainty
Pilot / trials / PoCs

System-Level Roadmap 2024
Mobility of Goods

Technical expertise develops to support hydrogen rollout

Hydrogen uptake by commercial sector operators

Government investment into refuelling infrastructure to 
support uptake of hydrogen by commercial sector

Grid developed to sufficiently produce green hydrogen (through electrolysis). 
Grid to provide electrical connections to warehouses and HGV depots Hydrogen pipelines rollout for bulk distribution (in certain locations)

Growing support and 
availability for carbon-free 
fuels (hydrogen) across

Growing support and 
availability for  

carbon-neutral fuels 
(e-fuels) across network

Growing support to bunker low-carbon fuels 
(biofuels, efuels) and availability across network Non-zero tailpipe emission fuels reduce in usage and availability

Fuel duty incentive required for HVO to match incentive for biomethane

Growing consideration for material choices and  
non-exhaust emissions impact and internal air quality

Electric drive architecture to accept battery, fuel cell, or ICE-hybrid

Growing consideration for vehicle life cycle emissions
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Automation

Digitalisation 
(including  
digital twins)

Vehicle platforms

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

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

AI	 Artificial intelligence
OEM	 Original equipment manufacturer

SAE	 Society of Automotive Engineers
SCV	 Supply Chain Visibility

System-Level Roadmap 2024
Mobility of Goods

Shift away from SAE levels of automation to  
user-in-charge / no user-in-charge principle

Changes to vehicle design for handling and management 
of goods where a driver is not required

Changes to vehicular design / driving process 
where a driver is not required

AI-enabled road / task planning

Digitalisation of kerb spacePilots of digital kerb

Development of platooning but likely limited impact

AI enables supply chain efficiency and improved vehicle maintenance

Digitally enhanced supply chains Embedded digitalisation across product and infrastructure

Enhanced data sharing standards across freight industry (including 
real-time data across the end-to-end supply chain)

Digital twins used for manufacturing and operations

Digital data platform driving services

Blockchain technologies will redesign delivery processes, e.g. distributed ledger systems

Supply Chain Visibility (SCV)

Cross-OEM scalable platforms Increased efficiency of assembly: modular 
assemble, unboxed assemble process

Mass-manufacture of platforms that 
are modular and scalable
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Long-haul goods movements

Typically commercial trip of more than 150 miles operating 
on the national road network to connect producers and 
consumers, both national and international.

19
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

ICE led
Battery led 
Fuel cell led

Ultra-light 
goods 
vehicles 
(long-haul 
primarily high 
speed / power 
motorbikes)

LGV <3.5 t 
(4.25 t BEV)

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ICE	 Internal Combustion Engine
BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)

EAPC	 Electrically assisted pedal cycles
PLV	 Powered Light Vehicle

ULGV	 Ultra Light Goods Vehicle
LGV	 Light Goods Vehicle

System-Level Roadmap 2024
Mobility of Goods

Development and growth of high power / speed motorbikes

Mixed usage battery, hydrogen ICE, replaces petrol / diesel high speed / power two-wheelers

Trials of hydrogen cell motorcycles, prototype development

Petrol / diesel remains common for high speed / power motorbikes High speed / power two-wheelers phased-out. 
New sales prohibited in some geographies

Peak transition period to alternatively-fuelled vehicles for LGVs

Phase-out of diesel ICE vehicles (especially in locations where sale of new, entirely diesel 
/ petrol ICE vehicles prohibited). Likely higher uptake of hybrid options in long-haul LGV

BEV usage increasing for LGVs with predictable routes and charging patterns / requirements BEV and hybrids primary replacement 
for petrol / diesel ICE LGV

LGV fleets primarily BEV, except very long-haul  
or heavily / consistently used vehicles

Few petrol / diesel LGV in geographies 
where sales ended early 2030s

ICE / liquid fuels dominant but decreasing

Petrol / diesel ICE LGV 
broadly uncommon 
across geographies
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

ICE led
Battery led 
Fuel cell led

HGV <26 t

HGV >26 t

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

BEV	 Battery electric vehicle
BTE	 Break thermal efficiency
ERS	 Electrified Road System

HFC	 Hydrogen fuel cell (HFC)
HGV	 Heavy goods vehicle

LGV	 Light Goods Vehicle
OEM	 Original equipment manufacturer

System-Level Roadmap 2024
Mobility of Goods

Emission zone compliant ICE: running on net-zero fuels and ICE

New ICE architectures: high efficiency (>55% BTE), also using low-carbon fuels

New ICE architectures: net zero fuels

Spike in development 
of HFC in use, through 
adjusting regulations to

accommodate 
hydrogen tanks

Hybrid architectures remain important in specific  
use-cases and where regulation permits,  

e.g. very long haul (EV with range extenders)

Increased uptake of low-carbon fuels. Important as passenger vehicles increase demand on the grid

Zero emission capable hybrid: blended and low-carbon fuels

BEV: bespoke platforms, battery swapping, dynamic charging BEV HGV will become more mainstream for OEMs

Possibility of ERS developed at scale in certain locations across the globe, which is likely to still be limited  
to specific sections of the strategic road network (subject to approvals by various tiers of government)

BEV: ultra-high energy-dense chemistries with 
ultra rapid charging, e.g. 150-600 kWBEV >26 t HGV in use, though limited use in long-haul

Possibility of ERS trials in certain locations across the globe, focused 
initially on limited stretches of strategic road network

Uptake of HFC increases

Ultra-high energy dense chemistries, e.g. two to four times current 
Li-ion energy density with ultra rapid charging, e.g. 150-600 kW

Increased uptake of low-carbon fuels. Important as passenger vehicles increase demand on grid

Development of ICE in use

Development of HFC in use

Hybrid architectures remain important in specific use-case and where 
regulation permits, e.g. very long haul (EV with range extenders)

Uptake of HFC increases

BEV <26 t HGV in use, though long-haul use limited by range (dependent on charging infrastructure)

Low emission ICE (blended and low-carbon fuels)

Emission zone compliant ICE: running on net-zero fuels and ICE
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

ICE led
Battery led 
Fuel cell led

All vehicles

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)

HGV	 Heavy goods vehicle
ICE	 Internal Combustion Engine

System-Level Roadmap 2024
Mobility of Goods

Blue hydrogen: carbon capture and storage development 
being explored through industry pilots Local production of hydrogen as a fuel for local use

Blue hydrogen: scaling-up of carbon capture and storage

Scaling-up of thermal and nuclear hydrogen technologies



Long-haul goods movements

Drivers and regulations

23

Emissions 
standards and 
life cycle impact

CO2 emission

Zero-impact 
vehicle policies

Regional policy: 
town planning

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

GSR2	 General safety requirements 2
ICE	 Internal Combustion Engine
RTFO	 Renewable Transport Fuel Obligation

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

VOC	 Volatile Organic Compounds
WLTP	 Worldwide harmonized light vehicles test procedure

System-Level Roadmap 2024
Mobility of Goods

Holistic environmental impact legislation (VOC, resource 
use, land use) and net zero LCA complianceEuro VI

VECTO uptake

Minimum mandatory national targets for the 
deployment of alternative fuels infrastructure (EU)

Euro VII

15% reduction (WLTP)

Euro VII+

CO2: 30% reduction 
minimum

(CO2 equivalent intro)

CO2: 43% reduction 
minimum

(CO2 equivalent intro)

CO2: 64% reduction 
minimum

(CO2 equivalent intro)

CO2: 90% reduction 
minimum

(CO2 equivalent intro)

RTFO renewable fuel 
obligation 14.6% in 2032

Zero-impact vehicle credits and mandates in specific areas Broader adoption of zero-impact vehicle mandates to achieve 
net zero CO2 and local air quality ambitions

UK and European authority approvals alignment at various annual volumes including roll out of GSR2 / safety systems implementation

Kerbside management less favourable to motor vehicles: increased delivery 
restrictions in urban areas and alternative uses of parking spaces

Development of logistics hubs facilitating last-mile mode shift, limits non-strategic road network vehicle miles

EU: all new HDVs to 
have 43% CO2 emissions 

reduction (compared 
to 2019 levels)

UK ban on 
sales of ICE 

vehicles < 26 t

UK ban on 
sales of ICE 

vehicles >26 t

Net zero 
emissions by 
2050 (EU)

EU: all new HDVs to 
have 64% CO2 emissions 

reduction (compared 
to 2019 levels)

EU: all new HDVs to 
have 90% CO2 emissions 

reduction (compared 
to 2019 levels)
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Regional policy: 
emissions and 
noise restriction 
zones

National / 
international 
policy

Adoption 
incentives

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

BEV	 Battery electric vehicle
CAZ	 Clean air zone
HGV	 Heavy goods vehicle

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

LST	 Longer semi trailers
ULEZ	 Ultra Low Emission Zone
ZLEV	 Zero Low Emission Vehicle

Reducing the cap of emission credits that 
manufacturers can receive for eco-innovations that 

verifiably reduce CO2 emissions on the road

Local incentives to businesses making use of low emission vehicles and microbility schemes for mobility of goods, e.g. reduced cost e-cargo bikes, BEV pool vehicles

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

System-Level Roadmap 2024
Mobility of Goods

Most major cities in the UK / EU have CAZ More sparsely populated 
regions of UK / EU have CAZ

CAZ / ULEZ introduced to certain locations to further induce reduced emission tolerances

Increasing noise restriction areas, construction 
noise limits and abnormal load limits for 
HGVs (more stringent in urban areas)

‘Gigaliners’ expected 
to begin operating 

across EU borders

Potential divergence in town planning approaches, e.g. infrastructure investment strategies, decreased road investment

Legislation around Longer Semi-Trailer (LST) vehicles due to BEV reduction in payload / capacity

Strategic road network decarbonisation policies, e.g. refuelling, recharging

Continued increases to HGV dimensions and weight limits in EU
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Total cost of 
ownership

Market demand / 
change

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ADAS	 Advanced Driver Assistance Systems
CSR	 Corporate Social Responsibility
ESG	 Environmental social governance

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

HGV	 Heavy goods vehicle
RUC	 Road user charging
TCO	 Total cost of ownership

System-Level Roadmap 2024
Mobility of Goods

Continued growth of home deliveries

Corporate ESG / CSR policies encouraging fleet transition

Consumer demand for low emissions operators

Contract specifier demand emissions reductions / best-practice schemes

Grid capacity and infrastructure improvements enhance confidence and increase 
demand for zero-impact vehicles, particularly within the HGV sector

Consolidation centres continue to grow (in particular locations with supportive policies)

Broader adoption of zero-impact vehicle mandates to achieve 
net zero CO2 and local air quality ambitionsDecrease in costs of hydrogen, hydrogen tanks, fuel cells

Decrease in costs of zero-impact vehicles (proportional to uptake and market share)

Residual value of used vehicle market will drive the TCO

Potential for lower insurance costs driven by ADAS development

Reduced vehicle downtime, e.g. period of vehicle unavailability, due to ADAS enhancements 

Cost of driving in urban areas increasing due to RUC / congestion charging
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Energy supply 
infrastructure

Hydrogen 
production  
and refuelling 

Powertrain 
efficiency

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ERS	 Electrified Road SystemHigh level of certainty
Lower level of certainty
Pilot / trials / PoCs

System efficiency

System-Level Roadmap 2024
Mobility of Goods

Rapid charging (possibly some dedicated facilities for commercial vehicles only) and swap out battery network development

Grid developed to produce sufficient quantities of green hydrogen (through electrolysis). 
Grid to provide electrical connections to warehouses and HGV depots

Government investment into refuelling infrastructure to support 
uptake of hydrogen by commercial sector

Hydrogen uptake by commercial sector operators

Hydrogen pipelines rollout for bulk distribution (in certain locations)

Rollout of ERS infrastructure in certain locations across 
the globe (if supported by government bodies)

Advanced highway vehicle aerodynamics / selective lightweighting

Longer, heavier vehicles become more efficient than conventional vehicles

Longer, heavier vehicles become more efficient than conventional vehicles

Improved onboard hydraulics system efficiency, e.g. digital displacement pumps

Hydraulics systems integrated and suited to electrified powertrains, e.g. direct electric drive

Smarter onboard systems, e.g. electric brakes, water pumps, capacitor storage, low-carbon auxiliary loads for onboard power 

Enhanced efficiency within the <26 / 4.25 t segment for applications such as dual / tri-zone refrigerated units, tip vehicles

Possibility of ERS trials 
in certain locations across 

the globe and rollout of 
infrastructure if supported 
by government bodies
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Platform

Automation

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

BEV	 Battery electric vehicle
HGV	 Heavy goods vehicle
LST	 Longer semi trailers

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

SAE	 Society of Automotive Engineers
V2X	 Vehicle to everything

Digitalisation 
and fleet 
management

System-Level Roadmap 2024
Mobility of Goods

Vehicle modularity and standardisation for multiple variants and scale-up economics

Shift away from SAE levels of automation to user 
in charge / no user in charge principle

Improved technology will support the recruitment of HGV drivers

HGV driver skill level continues to reduce as greater levels of automation are achieved

Changes to vehicular design for handling and 
management of goods where a driver is not required

Digital logistics fleet management and on-demand logistics Augmented fleets (driver and driverless)

Rollout of smart charging, DC microgrids, Vehicle-to-everything (V2X) communication systems – resulting impact upon BEV costs

Information-enabled control systems, V2X communication, telemetry and location management
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Off-highway (Including NRMM)

This includes the use of non-public roadways used for  
commercial purposes, e.g. construction or agriculture.

28
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

ICE led
Battery led 
Fuel cell led

Light  
off-highway 
(including 
NRMM) 
(<3.5 tonnes)

Medium 
off-highway 
(including 
NRMM)  
(3.5 – 9 tonnes)

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

BEV	 Battery electric vehicle
HFC	 Hydrogen fuel cell (HFC)
HVO	 Hydrotreated vegetable oil

ICE	 Internal Combustion Engine
NRMM	 Non-Road Mobile Machinery
SAF	 Sustainable Aviation Fuel

System-Level Roadmap 2024
Mobility of Goods

Growth of e-fuels and synthetic fuels ICE, HVO  
(particularly within construction and agriculture)

Growth of H2 ICE and non-fossil fuels ICE Growth of e-fuels, synthetic and other non-fossil fuels

Use of HFC (particularly in farming / rural locations), but limited use in urban areas

HFC NRMM in usage, e.g. forklifts Hydrogen supports heavy / continuous use-case for light NRMM and in indoor locations

Light battery and tethered NRMM in use

Many electrified NRMM in use, e.g. warehouse machinery, forklifts and mowers

ICE NRMM will be dominant due to specialised operating requirements Fossil ICE NRMM dominance reduces with 
suitable replacement from non-fossil fuels ICE

Majority of NRMM electrified Electrification a prevalent option for restricted spaces 
(small or indoor) where light NRMM electrified

Growth of BEV 

Electrified NRMM products expand 
from restricted indoor use-cases 

Development of battery size and power
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High level of certainty
Lower level of certainty
Pilot / trials / PoCs

ICE led
Battery led 
Fuel cell led

Heavy  
off-highway 
(including 
NRMM) 
(9+ tonnes)

All NRMM
 

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ICE	 Internal Combustion Engine
NRMM	 Off-Highway Vehicle

System-Level Roadmap 2024
Mobility of Goods

Local production of hydrogen as a fuel for local use

Scale-up of thermal and nuclear hydrogen technologies

Blue hydrogen: scaling-up of carbon capture and storageBlue hydrogen: carbon capture and storage development 
being explored through industry pilots

HFC trials and growth as per requirements in usage (weights, load, time, location)

Stabilisation of mixed approach 
with hydrogen ICE and battery 

applied as per use-case 
demands and geography

Hydrogen ICE pilots increasingly tested Non-fossil liquid synthetic fuels and biomethane fuels used in 
key applications such as in agricultural sector

Hydrogen ICE settles as default fuel in some use-cases

ICE remains dominant for heavy NRMM 

Growth of H2 ICE (particularly construction and agriculture sectors)

Limited use-case battery or tethered electric heavy NRMM

HFC trials and growth as per requirements in usage (weights, load, time, location)

Adoption of BEV in heavy NRMM post 2035 for fixed site operations, e.g. mining
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Emission 
standards

Zero-impact 
vehicle policies

Adoption 
incentives

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ETS2	 Emissions trading system 2
ICE	 Internal combustion engine
LEZ	 Low emission zone

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

NRE	 Non-road engine
NRMM	 Non-Road Mobile Machinery
ULEZ	 Ultra low emission zone

Regional policy: 
emissions and 
noise restriction 
zone

System-Level Roadmap 2024
Mobility of Goods

London LEZ for NRMM Stage 
IIIB (IV in sensitive areas)

NRE Stage V Emission standards for 
zero-impact NRE / NRMMImprovements to NRE emissions in further stages

Zero-impact vehicle credits and mandates in specific areas

Increasing noise restrictions in urban areas

UK and European authority approvals alignment at various annual volumes including rollout of safety systems implementation

Urban operations face increasing pressure for zero-impact 
emission. NRE Stage emission zones increase restrictions

Phased restriction on NRMM through emission zones and low-carbon reduction plans

Incentives on all fossil ICE fuels reduce / transition to zero tailpipe incentives. Rate of change sector dependent

Incentives to transition vehicles though varying approaches and large uncertainty

Off-road rebated fuel changes: reductions in higher-carbon fuels, 
e.g. red diesel removed or transferred to lower-carbon fuel

Broader adoption of zero-impact vehicle mandates to achieve 
net zero CO2 and local air quality ambitions

UK and European authority approvals alignment at various annual volumes including rollout of GSR2 / safety systems implementation

LEZ for NRMM increase: 
Stage IV (all of London)

ETS2 will apply to 
construction emissions (EU)

LEZ for NRMM increase: 
Stage V NRMM (all of London)

LEZ for NRMM increase: zero 
impact emission (all of London)
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Total cost of 
ownership

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

ADAS	 Advanced driver assistance system
CSR	 Corporate social responsibility

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

ESG	 Environmental social governance
NRMM	 Non-Road Mobile Machinery

Market demand / 
change Contract specifier demand reduced emissions / best-practice schemes

Corporate ESG / CSR policies encouraging fleet transition

Demand for sustainable housing / buildings may drive improvements in construction through planning requirements

Grid capacity and infrastructure improvements will enhance confidence and increase demand for zero-impact vehicles

System-Level Roadmap 2024
Mobility of Goods

Decrease in costs of hydrogen, hydrogen tanks, fuel cells

Off-road rebated fuel changes: reductions in higher-carbon fuels, 
e.g. red diesel removed or transferred to lower-carbon fuels

Direct driven electro-hydraulic powertrain systems 
for improved efficiencies in heavy NRMM

Decrease in costs of zero-impact vehicles (proportional to uptake and market share)

Potential for lower insurance costs driven by ADAS development

Reduced vehicle downtime, e.g. period of vehicle unavailability, due to ADAS enhancements

Broader adoption of zero-impact vehicle mandates to achieve 
net zero CO2 and local air quality ambitions
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Energy supply 
infrastructure 
and systems

BEV	 Battery electric vehicle
CAM	 Connected and automated mobility
CAP	 Connected and Autonomous Plant

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

ICE	 Internal Combustion Engine
NRMM	 Non-Road Mobile Machinery
V2X	 Vehicle to everything

Hydrogen 
production

System efficiency

Lower-carbon 
fuels network

Digitalisation 
and fleet 
management

2025

2025

2030

2030

2035

2035

2040

2040

2045

2045

2050

2050

System-Level Roadmap 2024
Mobility of Goods

Bespoke off-highway: remote sites with local grid infrastructure, e.g. micro-grid, battery swapping, tethered, semi-tethered

Delivery of fuels to sites

Rollout of biogas generation (converting waste gas into electricity)

Local renewable energy sources become increasingly available in certain geographies

Rollout of microgrid development

Grid developed to sufficiently produce green hydrogen (through electrolysis). 
Grid to provide electrical connections to warehouses and HGV depots

Given high CAPEX and OPEX for hydrogen pipelines, local hydrogen production dominates

Hydrogen pipelines rollout for bulk distribution (in certain locations)

Trial technologies to provide more hydrogen connections to local sites

Digital logistics fleet management and on-demand logistics

Rollout of smart charging, DC microgrids, V2X communication systems – resulting impact upon BEV costs

Information-enabled control systems, V2X communication, telemetry and location management

Trial semi-autonomous 
plant (Highways England 

CAP Roadmap)

Develop and trial autonomous 
plant (Highways England 

CAP Roadmap)

Augmented fleets (driver and driverless)

Hydraulics systems integrated and suited to electrified powertrains, e.g. direct electric drive

Improved onboard hydraulics system efficiency, e.g. digital displacement pumps

Lower-carbon fuels (offering significant emissions reductions) increasing in usage

Stronger connection between NRMM and CAM , e.g. ports, airports, industrial sites
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Glossary

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

CAM	 Connected and automated mobility

CAV 	 Connected and autonomous vehicle

C-ITS 	 Co-operative intelligent transport systems

CNG 	 Compressed natural gas

CS 	 Corporate social responsibility

DfT 	 Department for transport

DDRT 	 Digital demand responsive transport

EV 	 Electric vehicle

EU 	 European Union

ESG 	 Environmental, social and governance

FCEV 	 Fuel cell electric vehicle

HD 	 High definition

HVO	 Hydrotreated vegetable oil

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

System-Level Roadmap 2024
Mobility of Goods



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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