Commercial and Off-Highway Vehicle Roadmap

Updated by the Advanced Propulsion Centre in collaboration with and on behalf of the Automotive Council

Executive summary: Commercial and off-highway vehicle roadmap

•

The 2013 commercial and off-highway vehicle roadmap acknowledges both CO₂
and air quality as drivers and identified technologies that are suitable for various
drive cycles.

•

In the 2013 roadmap, efficiency improvements for heavy duty cycles could be
attained through thermal propulsion system improvements whereas light and
medium duty cycles can implement various levels of hybridisation/electrification

•

The 2017 roadmap reflects advances in hybrid technology and the growing
importance of air quality and zero emission operating zones on CV and offhighway manufacturers.

•

Duty cycle and operating environment will still determine powertrain choice.
Inner city and light/medium duty vehicles will likely transition into zero emission
capable vehicle whereas heavy duty or rural/semi-urban vehicles will require a
high efficiency thermal propulsion system with varying degrees of hybridisation.

•

The impact of vehicle connectivity and autonomy on overall fleet efficiency and
energy management is incorporated into this roadmap.

•

Infra-structural requirement has replaced “technology break through” as an
implementation barrier.

Update process: The product roadmaps were developed using the following approach
The process was co-ordinated by the Advanced Propulsion Centre on behalf of Automotive Council.

Review of existing product
roadmaps





Developed new product roadmaps
endorsed by the Automotive Council
Research the new
economic, social, technical
and legislative drivers



1-1 confidential interviews



Consensus with participating
OEM’s



Review with Automotive
council Technology working
group





Drivers: Drivers have been defined as both regulatory and standards but also take into consideration the
environmental basis which is market driven by customer requirements

Local legislation is having an
immediate impact upon powertrain
choices. In large cities, current low
and ultra-low emission zones will
transition into zero emission zones
from as early as 2025 with
increasef global adoption. In
addition, more stringent noise
legislation may restrict heavy duty
vehicles in operating at specific
points in the day.

The public are more aware of tailpipe
emissions such as CO2, NOx and PM.
Although legislation has not been set
tools like VECTO will help inform how
future legislation will be set.

For commercial vehicles, the requirement for zero
emission capable vehicles is encouraging fleet
operators to consider smaller vehicles for their fleet.

VECTO is a computer simulation tool which models CO2
emissions from a wide variety of complete truck and trailer
configurations. The tool was implemented in 2017 and will
be a legislative requirement in the EU by 2019.

Drivers: Drivers have been defined as both regulatory and standards but also take into consideration the
environmental basis which is market driven by customer requirements

147g/km target is based on the
previous NEDC drive cycle with
individual OEM targets based on
weight. 95% compliance is expected
in 2020 with 100% compliance
expected in 2021.

The current EU Commission’s
proposals state that for 2025, CO2
targets for new cars and vans should
be 15% lower than in 2021. By 2030,
average CO2 emissions of the EU fleet
of new cars and vans should be 30%
lower than in 2021. The % reduction is
on a WLTP basis which came into
force on the 1st September 2017.

Non-road mobile machinery (NRMM). The NRMM Regulation
defines emission limits for NRMM engines for different power
ranges and applications. It also lays down the procedures
engine manufacturers have to follow in order to obtain typeapproval. Cities have also extended the use of NRMM in
cities to comply with emission zones. Stage V will be
introduced for <56kW and above 130kW in 2019 and for 56130kW engines in 2020.

By end of 2018—The EU commission will complete an assessment of the possibility of adopting measures for the installation of retrofit
emission control devices in existing non-road engines. By 2020 there will be an assessment of further pollutant emission reduction potential,
including the identification of relevant pollutant types that do not fall within the scope of the Stage V regulation.

Categories: Commercial vehicles and off-highway vehicles experience heavy, medium and light duty cycles; the
roadmap recognises powertrain choice will be determined by which duty cycle a vehicle experiences

Zero tailpipe emission vehicles (such as battery electric and fuel cell
vehicles) deliver zero CO2 and pollutant emissions at tailpipe.
Suitable for smaller machines such as forklifts and delivery vans

Medium and light duty cycles have some scope for electrification
but will find it difficult to become completely zero emission as
they experience both city and semi-urban driving (i.e. coaches)

All duty cycles incorporates vehicles with heavy duty cycles (i.e. long
haul Class 8 trucks, backhoe loaders) where choices are currently
limited to incremental improvements in powertrain efficiency

Technology enablers are technologies which are applicable across
a number of products that will effect future powertrain architectures
(e.g. lightweighting and connected and autonomous vehicles)

Infrastructure: Mass market adoption of alternatively fuelled commercial vehicles is highly dependent on
introducing a refuelling infrastructure capable of handling the increased energy demand from transport

Charging availability
There is a challenge around the availability of energy from the electricity network at the right time.
There is also a challenge around the availability of infrastructure to overcome the increase in charging
demand, for inner city and inter-urban. For some applications, such as construction sites, there is the
opportunity for battery swapping to make electrified vehicles viable

Hydrogen Infrastructure
In order to accelerate hydrogen vehicle uptake,
challenges remain around the number of filling
stations and obtaining clean hydrogen from
sustainable sources. If these challenges are
overcome, it decouples the vehicle energy storage
system from the electricity network. As energy and
transport systems become more closely linked
longer term, there are further opportunities to link
this into the natural gas supply to homes.

District Network Operator Challenges
A step change is required in the Distribution Network Operators
infrastructure. Requirement to move to a “smart grid” with a focus on:
• Enhanced reliability, security and efficiency.
• An increase of available clean energy from renewable sources.
• Smart' technologies for metering, communications concerning grid
operations and status, and distribution automation.

Technology enablers: Vehicle lightweighting and improved aerodynamics can have a significant impact on the fuel
economy and emissions from certain vehicle types

On-highway vehicles can gain significant benefit from
improved aerodynamics. New regulations on length will
allow a more aerodynamic design in EU from 2022

Light-weighting plays a significant impact on the economic model and
emissions. Selective light-weighting, particularly for off highway vehicles,
can have a positive effect on the overall energy requirements.

Technology enablers: Improving operational efficiency can lead to significant emissions reduction; connected and
autonomous vehicle technology will be a big enabler for fleet wide reductions in CO2 and emissions

Agriculture and certain offhighway vehicles have been
utilising increased levels of
automation to increase the
working capacity and
increase safety.

Use of geo-fencing could be introduced to
enforce zero emission zones in cities. For
heavy duty commercial vehicles, such as the
44t trucks, there is a possibility they will not
enter some cities as there will be a shift to a
hub and spoke intelligent distribution model.

Potential introduction of smaller, smart
machinery that can perform automated tasks
in defined areas (i.e. construction sites)

Technology enablers: Focus on total powertrain efficiency including transmission, driveline and actuator systems to
optimise the use of energy is critical for both on and off-highway vehicles

Heavy duty vehicles could potentially utilise a zero emission auxiliary power unit (APU) allowing the thermal propulsion
system to be switched off and ancillaries to still receive power e.g. refrigeration trucks or cement mixers. For long haul trucks,
heating and cooling the cab and sleeper, keeping the truck engine warm and providing electricity for ancillaries all consume
significant amounts of power. This energy could be provided by a battery bank, a fuel cell or other low carbon alternatives.

All duty cycles: Thermal propulsion systems will remain crucial for heavy duty vehicles and remain an integral part
of a hybrid systems for medium and light duty vehicles not requiring full zero emission capability

The decline in thermal propulsion systems will be dependent on a
breakthrough in battery or fuel cell technology and infrastructure
Development of sustainable low
carbon fuels could extend the life
of thermal propulsion systems

Thermal propulsion systems for commercial and off-highway vehicles will primarily be developed to
meet the more stringent emission regulations as CO₂ regulation is currently not the primary driver
(until VECTO is enforced). As per the Thermal Propulsion Systems Roadmap, continued development
will focus on optimising current combustion cycles for low emissions, lighter weight, reduced friction,
wider operating after treatment systems and better air handling systems. In some specific cases
where utilising other fuels (i.e CNG, LNG) is a practical way of lowering CO₂, thermal propulsion
systems will need to be optimised to meet the emission standards and prevent methane slip.

In the long term, full electrification of heavy
duty vehicles is unlikely so there is scope
for novel thermal propulsion systems that
deliver radical emissions and fuel economy
improvements (i.e. 55% BTE in 2025; 60%
BTE in 2035). See Thermal Propulsion
Systems Roadmap for more information.

All duty cycles: Mild and full hybrids will be prevalent in heavier duty cycles where higher levels of electrification are
too costly and there is a significant infrastructure barrier to deployment

Full hybrids are likely to be
decreasingly attractive for light duty as
they don’t address the pressing
demand for significant zero emissions
capability and may be outpriced by
lower cost mild hybrid options

If full series hybrids increased
the range capability with an
appropriate cost model this
could be a parallel
technology to PHEVs.

Mild hybrids are a cost effective route to reduced CO₂ and will
be linked to optimised design with thermal propulsion systems,
KERS and introduction of higher voltage systems. However
they do not adequately address the emissions problem in cities
so will be utilised for vehicles not entering cities.

Off-highway applications will choose a series or parallel hybrid based
on specific tasks. Currently, full hybrid technology cannot meet inner
city construction sites but do provide a solution for those sites that
don’t have the appropriate charging infrastructure.

Medium and light duty: Some medium and light duty commercial vehicles will experience both city and semi-urban
drive cycles needing both range and zero emission capability, therefore facilitating the need for plug-in hybrids

Requirement for infrastructure to be in place with smart energy
management across the grid. Opportunity charging could
overcome range challenges for highly utilised vehicles.

Light and medium duty vehicles that need to enter cities will need a
zero emission capability to comply with local regulation. Accelerated
uptake will be driven by reducing the cost of a battery solution that can
deliver acceptable energy and power density as well efficient
integration of hybrid focussed thermal propulsion systems.

Off highway vehicles also have the potential to
utilise zero emissions capability and reducing overall
CO₂, in particular for inner cities and construction
sites with specific carbon footprint targets.

Zero tailpipe emissions: Battery electric vehicles will be initially commercialised for smaller vehicle types and
require a step change in technology to transition into heavier duty cycles

Opportunity charging
could overcome range
challenges for highly
utilised vehicles.

Battery electric vehicles will initially occur for
smaller off-highway machinery vehicles (i.e.
forklifts, small excavators) and delivery vans.
Longer term, the drive towards zero
emissions and city safety concerns will impact
upon the size of vehicle manufacturers
products for inner-city. Therefore the range
and number of battery electric on and offhighway vehicles may increase

For battery electric vehicles to reach mass market in
heavier duty applications, next generation battery
chemistries are needed alongside more durable, higher
temperature and higher speed motor and power
electronics solutions. See the technology roadmaps for
more detailed on the technology developments.

Zero tailpipe emission: The timing of mass market introduction of fuel cell commercial vehicles is uncertain due to
lack of infrastructure, however initial uptake could be driven by captive fleets that have a central refuelling location

With increased
renewable power
generation, there is an
opportunity to use H2
as energy system
vector when the grid is
producing surplus
energy. This could
drive the uptake of fuel
cell buses.

There is a level of uncertainty regarding the
introduction of mass market fuel cell
commercial and off-highway vehicles, which
is primarily due to the rate of introduction of
the required refuelling infrastructure. Other
technologies are being developed that may
overcome some of the infrastructure
challenges (such as solid oxide fuel cells) but
are not yet mature enough to accelerate
mass market introduction.

Cost reductions are required for both the fuel cell stack
and hydrogen storage tanks. All fuel cell vehicles will
utilise a battery, but there is an opportunity for a fuel cell
hybrid to introduce a low cost, right sized fuel cell that
utilises the battery for peak power demand

Introduction of hydrogen fuel cell technology
into a captive fleet could create opportunities
for faster uptake. By maximising infrastructure
utilisation through clusters of hydrogen
vehicles, this could accelerate adoption further
and creates an economic case for investment.

