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Harnessing existing

and emerging bus
technology is critical to
meeting the transport
challenges of the future.

There are significant challenges facing the transport
networks of Australia’s major cities which will increase in
urgency and magnitude over the coming years. Each of
these challenges represents an opportunity to transform
our bus transportation networks to both meet demand
and improve commuter experiences.

Electrification and automation are often espoused as
the key technologies that will revolutionise bus transport.
While this is undoubtedly correct, it is important to
appreciate the level of maturity these technologies have
attained and recognise that their widespread uptake y
may yet be decades away. Instead, what is needed is a
technology roadmap that will account for the trialling of
and transition to electric, automated buses while also
identifying the intermediate technologies that will enable
the network to thrive in the medium term.

Furthermore, we must expand our discussion of bus
technology beyond the drivetrain and driver to include all
elements of bus design and the bus network as a whole.
The greatest opportunities for improvement may be found
not by a sweeping change to all buses everywhere, but by
the strategic application of simple, existing technologies -
like wider doors or improved interchanges - in the places
where they can have maximum impact.
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Solutions to present and future problems

The overarching challenge for the bus network of the future is to cater for exponential
population growth and increasing urban densification while minimising the need for expansive
new infrastructure and negative impacts on the environment.

Congestion currently adds on average 0.34 minutes per kilometre travelled, and delays to
Sydney and Melbourne’s CBDs regularly increase travel times by up to 60%. The aggregated
costs of this congestion to the Australian population are projected to reach $37.3 billion per year
by 2030 - more than double the figure of $16.5 billion for 2015. The reform of bus services has
been recognised as an effective method of reducing congestion, largely due to the efficiency

of buses in their use of road space. A bus priority route in Brighton allows every three buses to
replace approximately 200 cars, with buses moving 45% of passengers but taking up just 2% of
vehicle traffic. Similarly, studies of Melbourne’s transport system estimate that the bus system
reduces travel times by 9.85%.

Public health impacts of congestion must also be accounted for. Lengthy commutes are
correlated with ‘hypertension, obesity, decreased cardiovascular fitness, stress, low energy

and illness-related work absence’. The health costs associated with death due to local air
pollution are valued at $11-24 billion, with 3000 Australians dying each year due to levels of
fine particulate matter. While reducing congestion through increased bus patronage can reduce
negative health effects of the transport system, the use of diesel fuel limits the extent of

this reduction.

Climate change is bringing about changes that are ‘both profound and accelerating’. The
current level of greenhouse gas emissions has produced sufficient warming that, without
adaption measures, put the world at high risk of severe impacts in the near term, including
decreased food production and quality, increased flooding and landslides, and the loss of
natural ecosystems such as the Great Barrier Reef. Buses, however, even with diesel fuel
technology, produce six times less emissions than cars, and there is a correlation between
reduced transport emissions per capita and a higher proportion of trips undertaken by public
and active transport in cities around the world. An enhanced bus network, particularly
harnessing electric drivetrain technology, will be central to achieving Australia’s 26-28%
emission reduction target by 2030, and the net zero emissions by 2050 target in New South
Wales, Victoria, Queensland, South Australia, Tasmania and Australian Capital Territory.

Accessibility one of the key issues arising from the concentration of population growth in outer
suburbs of Australian cities. These outer-urban ‘fringe’ areas experience higher mass transit
commute times relative to private travel, less direct routes, and are less connected to places of
employment. Bus services are one of the key ways of overcoming this ‘transport disadvantage’,
which particularly affects people who do not have access to a car due to affordability, disability
or age.

The bus network will only be effective in addressing these challenges if its efficiency and
coverage are improved. Fortunately, there are several existing technologies and techniques to
achieve significant gains for the system with minimal cost.
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Getting more for less

Targeted changes to the design of bus bodies and
networks can significantly improve levels of service.

Features as simple as increasing the width or number of
doors can result in drastic gains. It is estimated that having
three wide doors rather than one narrow door saves 1.4
seconds per passenger at boarding and alighting. Wide-
door buses have been found to reduce boarding times by
40%, regardless of floor height. Moreover, simply altering
the use of existing doors can improve bus efficiency.

When two-door boarding was implemented in San
Francisco, overall dwell times per passenger reduced from
4.3seconds to 2.7 seconds on average.

Bus rapid transit (BRT) involves providing sufficient
infrastructure and priority to bus travel for a dedicated
length of road to enable a high capacity, high frequency
and high speed level of service similar to a light rail
system, but at the operational cost of buses and roads.
This is achieved through a combination of modifications
to the bus network, including dedicated right-of-way,
busway alignment, off-board fare collection, priority at
intersections, and platform-level boarding. Across 10 BRT
sites in Europe (there known as ‘bus with a high level of
service), ridership gains ranged from 20 to 134 per cent.

The benefits of enhanced bus networks can be obtained
even when all the ‘basic’ feature of BRT are not
implemented. Brisbane’s BRT does not have platform-level
boarding or alignment of busways at the median but has
still achieved estimated travel time reductions of 70%.

These examples illustrate the benefits available from
both major reforms of the bus network and minor tweaks
to day-to-day operations. Developments in technology
open up new opportunities to amplify these results.

For example, using Smart Card data in Chengdu, China,
researchers were able to design a limited stop service
that had the capacity to reduce travel times by 9.23%.
Harnessing the power of this data will require years of
investment, as has been the case in London, but it has
already been used to expand the coverage of the network
and has been identified as a necessary component of
future long term and real-time route planning.

As we look to a future of electrification and automation,
these and countless other existing technologies and
techniques have been proven effective in case studies
around the world. This is not to mention the significant
potential of low-floor buses, strategic use of articulated
and double-decker buses, interchange design for
integration with other mass transit, and on-demand last-
mile transit.
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A roadmap to
electrification and
automation

Electrification and automation will almost certainly be
part of the bus network of the future. Electrification can
cause up to 100% greenhouse gas emission reductions
relative to diesel buses, reduce ongoing maintenance
costs, reduced local noise and air pollution, enhanced
passenger comfort, and enabling independence from
fossil fuels. Automation will reduce labour costs, improve
safety and enable the expansion of the transport network.
However, at present these benefits are just out of reach.

In 2015, the National Center for Transit Research at the
University of Southern Florida conducted a review of
autonomous vehicle technology in public transport and
found: ‘Unlike the automotive industry which has invested
a substantial amount of money into AV technology, there
have not been similar AV developments in the transit
industry. Implementations of automation in the US were
limited to forms of driver assistance. While a follow-

up study found that companies were trialling shuttles,
particularly in Europe, it also noted these trials were
exposing the limitations of the technology.

Likewise, to be competitive with diesel and other
technologies that currently service public transport fleets,
electric buses will require a range of 400 km or more,
which is not viable with the weight and price of current
battery technology and sparsity of charging infrastructure.
However, studies tracking the trend of falling battery
prices project that that batteries will reach the capacity
benchmark of US$150/kWh by 2025, or potentially sooner,
and at that point can be effectively commercialised.



Until these technologies become ripe for widespread
implementation, two strategies should be pursued:
intermediate technologies and preparatory trials.

Although it may be some time before buses are entirely
driverless, there are already lower levels of automation
that can be implemented into existing bus fleets. Ecodrive
technology which provides feedback to drivers on
inefficient driving behaviours can reduce fuel consumption
and hence emissions by up to 15%, and also reduce
accidents. Lane assistance technology can enable

higher speeds and maximise use of road space. Crash
avoidance technology MobilEye which has been installed
in over 1000 buses in NSW and Victoria has been found
effective at reducing lane departure and forward collisions
approximately 75% of the time.

Hybrid electric-diesel buses are already a cheaper and
more fuel efficient option than diesel buses. Real world
studies have found potential fuel and emissions savings
of 20-45% and overall life-cycle cost reductions up to
US$50,000. A feasibility study of the procurement of
buses for Cairns indicated that hybrid buses would have
a pay-back period of 3.34 years, compared to 3.9 years
for a diesel bus and 4.17 years for CNG buses.

These intermediate technologies can and should be
harnessed now. Simultaneously, autonomous shuttles
should continue to be trialled as last-mile shuttle
solutions, where they can provide greater accessibility
in a relatively low-risk environment. Existing and past
trials taking place at Flinders University, Perth, Curtin
University, Darwin and Olympic Park should be
expanded. As many of these shuttles are fully electric,
this will also provide a space in which to invest in and
test improvements in battery and charging technology.
Part of this could involve implementing opportunity
charging stations at interchanges that form the destination
points for feeder routes (but also form points on the
main corridor to be utilised by future electric buses), or
constructing charging stations at depots.

The future is here

A survey of the challenges and opportunities facing

bus transportation in the coming years suggests the
following conclusion: the future is here. The challenges of
congestion, climate change, health and accessibility are
already upon us, but so are proven methods of improving
the capacity of the bus network to meet them. In the
same way, there is a direct pathway for governments to
follow towards complete electrification and automation,
harnessing the power of existing technologies in the
interim. All that is required is a long-term commitment to
investment in this future.
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