Bus Roadmap

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

Executive summary – Bus roadmap
•

The 2013 bus roadmap acknowledged both CO₂ and air
quality as drivers and identified vehicle and powertrain

level innovations - with a slow evolution from hybrid
technology to zero emission capable solutions
•

The 2017 roadmap reflects the growing importance of air
quality and zero emission operating zones on bus
manufacturers which is causing a product stratification

•

A cost effective carbon reduction solution is required for
semi-urban/rural buses and a practical zero emission bus is

required for city/urban operations
•

The potential impact of vehicle connectivity and
autonomy on how buses integrate into an intelligent public
transport system is incorporated into this roadmap

•

Infra-structural requirement has replaced “technology
break through” as a noticeable 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 the consumer

Local emission 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 increased global adoption.

New modular bus designs are
increasingly being considered. This
is to accommodate the zero
emission requirements of city
operation for first life use, moving
to a refurbishment and powertrain
change for a 2nd life in an interurban or rural environment.

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.

Expectation that the environmental basis,
which is currently being driven by the
consumer, will move to consider the well
to wheel impacts first potentially moving to
a total life cycle impact in the longer term.

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.

Categories: In response pollutant emission and CO2 legislation, buses can be categorised as low tailpipe emission,
low or zero tailpipe emission capable and zero tailpipe emission with supporting technology enablers

Zero tailpipe emission vehicles (such as battery electric and fuel
cell vehicles) deliver zero CO2 and pollutant emissions at tailpipe.

Zero tailpipe emission capable vehicles (such as plug-in hybrids) can achieve a certain
distance with zero emissions but require an alternate power source (typically a
thermal propulsion system) for longer journeys. They currently satisfy the
requirement to enter ultra-low/zero emission zones.

Low tailpipe emission vehicles are a cost effective way of achieving lower CO2
and pollutant emissions. However they possess limited/no zero emission
capability and will be precluded from entering zero emission zones in the future.

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 buses 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, inter-urban and also domestic charging.

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 opening up new business models. 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: Smart energy management, improved powertrain efficiencies and optimising operational
efficiency will all improve bus powertrains

Light weighting (especially for
BEVs) will be desirable through
design optimisation and selective
use of lightweight materials.
There will also be further focus on
measures to reduce bus energy
consumption from systems such
as doors and lights whilst
maintaining bus desirability.

There will always be a focus on
total powertrain efficiency
including transmission / driveline
& actuator systems to optimise
use of energy. There is also an
opportunity to reduce the power
consumption from ancillary drives,
through electrification or other
low carbon power sources

Operations efficiency
In the short term, advanced driverassistance system and route
optimisation technologies are likely
to have a significant impact by
reducing operating costs and
enhancing passenger experience. In
the longer term, intelligent
transport systems offer significant
cost and emission benefits going
beyond vehicle level technologies.

Bus desirability
Significant emissions reduction
can be achieved through a drive
towards a modal shift and
increasing the uptake of public
transport. By increasing the
desirability of buses (e.g. better
air conditioning / heating,
lighting comfort, Wi-Fi and
usability with enhanced
accessibility) it can encourage
this modal shift.

Low tailpipe emission: Thermal propulsion systems will remain important for rural and semi-urban buses in the
short to medium term but they will function as part of a wider propulsion system

Thermal propulsion systems for buses 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.

As per the Thermal Propulsion Systems Roadmap, there will be a transition
in engine technology to co-developed, hybrid-focused electrified and high
efficiency power units designed for specific duty cycles.

Development of sustainable low carbon fuels
could extend the life of thermal propulsion
systems for rural and inter urban operations

The decline in thermal propulsion systems for inter-urban and
rural routes will be dependent on a breakthrough in battery or
fuel cell technology and infrastructure as well as the prevalence
of mobility as a service in inter-urban and rural areas.

Low tailpipe emission: Mild hybrids offer significant CO₂ benefits for inter-urban and rural bus routes at an
attractive cost

Mild hybrids are a low cost 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.

As cities start to only procure zero emission
capable buses, the potential for mild hybrids
moves to interurban and rural routes. Mild
hybrids are an attractive option where there
is the lack of infrastructure and operators
find it financially difficult and impractical to
deploy zero emission capable buses

Development of sustainable low carbon fuels
could extend the life of mild hybrids for rural
and inter urban operations

The decline in mild hybrids for inter-urban and rural routes
will be dependent on a breakthrough in battery or fuel cell
technology and infrastructure as well as the prevalence of
mobility as a service in inter-urban and rural areas.

Low or zero tailpipe emission capable: Full hybrids may become less attractive due to the cost effectiveness of mild
hybrids and plug-in hybrids are uncertain given the rapid drive towards completely zero emission buses

Full hybrids are likely to become
decreasingly attractive. This is because
there is a relatively weak TCO model
and they offer marginal improvements
over current Euro VI diesels and mild
hybrids. Furthermore full hybrids do
not address the pressing demand for
significant zero emissions capability.

Plug-in hybrids would offer zero emission capability, but there is uncertainty around
the requirement for a small zero emission range. The bus sector could rapidly move
towards completely zero emission capable vehicles in cities and lower cost efficient
mild hybrid vehicles in semi-urban and rural areas. This erodes the market for plug-in
hybrids putting further pressures on the economic model.

Zero tailpipe emission: Battery electric buses are a commercial reality in China but challenges still remain around
the weight and cost of battery packs as well as the grid infrastructure

Continuous road electrification such
as inductive or pentagraph charging
could create opportunity to extend
zero emission capability for BEV.
However, given the high power
charging needed for buses, there
needs to be careful management of
bus charging in order to not
overburden the grid infrastructure.

China have been driving the global uptake and development of pure battery electric
buses bringing them much closer to mass market. Some early products deliver the
required range but challenges still remain around reducing the weight and cost of the
batteries. Installing the supporting infrastructure such as opportunity and rapid
charging is key to long-term mass market deployment of BEVs in the bus industry.

Zero tailpipe emission: The timing of mass market introduction of fuel cell buses is uncertain given the current lack
of infrastructure, however uptake could be driven first 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
buses, 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.

