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From 2004 to 2007 three hydrogen-powered, fuel cell buses (EcoBuses) were placed in the 
Perth public transport fleet. To support these buses, leading edge hydrogen production, 
refuelling and support systems were also constructed. The buses were placed on normal 
public transport routes and data was collected against a range of performance measures 
including reliability, efficiency, and public acceptance. Analyses of environmental impacts 
and costs were also undertaken.  

The purpose of the trial was to determine the potential for the adoption of hydrogen as a 
niche transport fuel in Western Australian. In particular, the objectives were to: 

·  understand how limited production hydrogen bus and refuelling technologies would cope 
with the demands associated with a variety of real world operational environments; 

·  understand the location-specific challenges associated with operation of hydrogen 
vehicles as well as hydrogen production, transport and refuelling facilities; and 

·  inform the community and key decision-makers about potential advantages of a 
hydrogen-based transport system. 

The Perth trial, which was known as Sustainable Transport Energy for Perth (STEP), was run 
in conjunction with similar trials in Europe, called the Clean Urban Transport for Europe 
(CUTE) project, and Iceland, called Ecological City Transport System (ECTOS). The 
CUTE/ECTOS/STEP projects involved the trial of 33 DaimlerChrysler fuel cell buses and a 
range of different hydrogen production and refuelling solutions, and operated in 11 cities 
around the world. Many of the trials continued operations beyond the original two-years. 
These extended trials, which included the Perth EcoBus trial were conducted as part of the 
HyFLEET:CUTE program. 

The EcoBuses were part of a limited series of Mercedes-Benz Citaro fuel cell buses 
manufactured in Germany by DaimlerChrysler and were equipped with a fuel cell engine 
developed by Ballard Power Systems, Canada. The buses used compressed hydrogen that 
was stored in high-pressure cylinders mounted on the roof of the vehicle, and had a range of 
about 250 km. The bus design combined a fuel cell engine with standard bus components 
such as the automatic transmission and some auxiliary components.  

The trial required the installation of significant infrastructure to ensure that sufficient 
hydrogen of the required purity was available for the EcoBuses.The hydrogen source for the 
EcoBus trial was unique, and was obtained as a by product from the BP Kwinana oil refinery.  

Once produced at the BP refinery in Kwinana, the hydrogen was piped two kilometres to the 
adjacent BOC site where it was purified to 99.9999% in a Pressure Swing Absorption (PSA) 
unit. The purified hydrogen was then compressed and transported 66 kilometres to Path 
Transit’s Morley bus depot in one of two 34.8 tonne tube trailers.  Each truck trailer contained 
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nine storage vessels that held a total of 350 kg of hydrogen.  A purpose built refuelling 
station then took the hydrogen from the trailer and further compressed it to fill the EcoBuses. 

The operations of the EcoBuses exceeded expectations. They travelled nearly 260,000 
kilometres, consumed nearly 47 tonnes of hydrogen, carried more than 325,000 passengers 
and performed well in terms of reliability and availability. The evaluation studies found that 
improvements to the buses including utilising a hybrid drive train, eliminating the design 
requirement for the fuel cells to always produce a minimum current, changing the auxiliary 
system and reducing the weight would increase efficiency of the buses.  

Unfortunately, the refuelling technology did not match the performance of the buses. A 
significant reason for the West Australian buses not operating was due to failures in the 
refuelling stations. This was also a problem faced by other trials that were part of the CUTE 
program.  

Murdoch University, West Australia conducted a number of evaluation studies into the trial. A 
life cycle analysis (LCA) measured all the material and energy inputs related to the buses, 
the refuelling infrastructure and the disposal of the buses. The LCA found that the hydrogen 
production system was crucial in determining the extent to which global warming potential 
and other environmental criteria can be improved. Overall, the EcoBuses had a global 
warming potential similar to the diesel buses (but less than CNG) with a very un-optimised 
system (Ally 2008).  

A cost benefit analysis (CBA) found that diesel buses (when compared to the EcoBuses) 
were the least expensive over a fifteen year operating life, primarily due to their lower capital 
and fuel costs. The analysis noted that the price gap between conventional fuels and 
hydrogen will close as the externalities of road transport sector are adequately internalised 
(Owen & Cockroft 2006).  

A public awareness and perception evaluation study (Garrity 2006) found there was 
widespread support for the introduction of hydrogen fuel cell buses. Respondent’s 
perceptions of hydrogen were slightly more positive after the trial than before, with support 
derived from perceived environmental benefits  

Although largely successful, there were some key issues and areas of learning that emerged 
from the trial.  

·  While there was general support for the trial, the significant (and time consuming) 
regulatory challenges suggest that there was a lack of understanding of hydrogen and its 
benefits.  

·  Contractual factors meant there were limitations in the data collection methodology. It is 
recommended that any future trials determine the nature of the data collection early in 
the planning process. 

·  The nature of the contracts and warranties with suppliers provided some certainty for the 
West Australian State Government regarding price, and therefore lowered risk. The 
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downside was that there were limited opportunities for local suppliers and industries to 
participate in the trial and develop their understanding of hydrogen and its applications. It 
is therefore recommended that any future trials build in opportunities for local industry 
participation.  

·  The trial emphasised the importance of developing renewable electricity generation 
technologies for the production of hydrogen. Any future trials should seriously explore 
renewably produced hydrogen.  

·  The pursuit of a follow up trial in Perth would enable the State Government to take 
advantage of these international partnerships, as well as capitalise on the significant 
learning and expertise gained from the trial.  

Addressing the challenges associated with hydrogen fuelled fleet based transport will be a 
huge task. However, by taking the lessons learnt from the EcoBus trial and exploring 
opportunities for a trial of next generation fuel cell buses, Western Australia has contributed 
to global efforts to address hydrogen related challenges, and ensure a sustainable transport 
energy future.  
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From 2004 to 2007 three hydrogen-powered, fuel cell buses (EcoBuses) were placed in the 
Perth public transport fleet. To support the buses, leading edge hydrogen production, 
refuelling and support systems were also constructed. The buses were placed on normal 
public transport routes and data was collected against a range of performance measures 
including reliability, efficiency, and public acceptance. Analyses of environmental impacts 
and costs were also undertaken. Buses were chosen to trial hydrogen as they return to a 
single depot to refuel, they are professionally maintained, they can easily accommodate 
larger and heavier drive-trains, and the technologies were becoming readily available.  

The purpose of this report is to outline the rationale behind the EcoBus trial, how it came 
about, the key components, the successes and the challenges. The report is structured to 
follow the trial from the initial concept, through to the establishment and operation of the trial. 
It includes a discussion of the results and ends with conclusions and directions for the future.  

���  ������	
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The purpose of the trial was to determine the potential for the adoption of hydrogen as a 
niche transport fuel in Western Australian. In particular, the objectives were to: 

·  understand how limited production hydrogen bus and refuelling technologies would cope 
with the demands associated with a variety of real world operational environments; 

·  understand the location-specific challenges associated with operation of hydrogen 
vehicles as well as hydrogen production, transport and refuelling facilities; and 

·  inform the community and key decision-makers about potential advantages of a 
hydrogen-based transport system. 

The trial provided an opportunity to determine the critical technical, environmental, economic, 
and social factors that need consideration prior to the introduction of hydrogen as a transport 
fuel. For example, equipment manufacturers (primarily DaimlerChrysler, Ballard Power 
Systems, Dynetek and the hydrogen and refuelling solution providers) saw the trial as an 
opportunity to collect significant volumes of accurate data on the performance of their 
technologies under a suite of different operating conditions. This data will be used to 
maximise the efficiency, reliability and safety of future technology. 

Likewise bus operators (both private and government) sought to understand what ‘niche’ 
might be filled by hydrogen powered buses, what costs were involved and what (if any) 
operational constraints could be expected.  This included examining the local mix of 
regulations, codes and standards applicable, developing new contractual arrangements as 
well as understanding community attitudes to hydrogen as a public transport fuel. 
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There are two main forces driving the development of alternative fuel technologies such as 
hydrogen. Firstly, it is recognised that the production of oil may peak in the near future. This 
could have potentially serious impacts on the economy, and significantly change our way of 
life. Secondly, there is a need to reduce greenhouse gas emissions produced by our fossil 
fuel combustion based economy. In the search for a replacement form of transport energy, 
many governments (including the Western Australian State Government) and vehicle 
manufacturers have identified hydrogen as one of a range of likely future energy sources.  

Hydrogen is the most abundant element on earth although it is rarely found in its energy rich 
molecular state. The main advantage of hydrogen is that when used in fuel cells, it produces 
no pollutants and the only emissions from the tail pipe of the vehicle are water and heat. In 
certain applications, hydrogen has the potential to reduce greenhouse gas emissions and to 
improve the security of supply for transport fuels. Hydrogen also has an advantage over 
electricity as a form of transport energy, particularly as it can be easily stored and 
transferred. As an example, a battery powered vehicle may take up to eight hours to 
recharge, while a hydrogen storage cylinder can be refilled in minutes.  

However, unlike oil or natural gas, hydrogen is not actually an energy source but an energy 
carrier that is used to power stationary generators or vehicles (in this case buses). Because 
hydrogen forms chemical bonds (it is found in water as H20 or hydrocarbons) it must be 
separated from these compounds before it can be used, and this process requires energy. 
Therefore hydrogen (like electricity) must be produced from another energy source before it 
can be used. This energy can come from fossil fuel combustion or renewable sources. 

���  �	�����
�����	�


Western Australia’s participation in the fuel cell bus trial was initially proposed in 1999 during 
discussions between the Western Australian Government and DaimlerChrysler. Both major 
Western Australian political parties entered the 2001 state election campaign with promises 
to support a fuel cell bus trial in Perth. In August 2004, the Western Australian Government 
brought three hydrogen fuel cell powered EcoBuses to Perth as part of the Sustainable 
Transport Energy for Perth (STEP) program.  

The Perth trial, which was known as Sustainable Transport Energy for Perth (STEP), was run 
in conjunction with similar trials in Europe, called the Clean Urban Transport for Europe 
(CUTE) project, and Iceland, called Ecological City Transport System (ECTOS). The 
CUTE/ECTOS/STEP projects involved the trial of 33 DaimlerChrysler fuel cell buses and a 
range of different hydrogen production and refuelling solutions, and operated in 11 cities 
around the world. These sister trials began in 2003 and continued until late 2006. The aims 
of the CUTE/ECTOS trials were to develop and demonstrate an emission free and low noise 
transport system that would contribute to cleaner environmental conditions, increase public 
knowledge and acceptance of hydrogen and fuel cell technology and to build a strong 
foundation for regulation and certification of fuel cell technology. Many of the trials continued 
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operations beyond the original two-years. These extended trials, which included the Perth 
EcoBus trial (see below), were conducted as part of the HyFLEET:CUTE program. 

���  ��
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The EcoBus trial was extended by an extra year. Through the HyFLEET:CUTE program, a 
number of other cities had extended their trial by one year, and this opportunity was provided 
to Perth. In deciding to conduct the trial by an extra year, it was recognised that the original 
two year trial was a relatively short time to assess the durability of new technology and 
changes to operational procedures, and it was considered important to maximise community 
and industry access to the Perth EcoBuses and refuelling infrastructure. While the EcoBuses 
(and some of the refuelling technology) had already been superseded, it was felt that 
continuing with the current generation of buses and refuelling facilities would generate 
knowledge that could apply to future applications. In particular, continuing the trial would 
identify pitfalls and constraints that might not otherwise have become apparent if the trial 
concluded after just two years. 

���  �������



The STEP fuel cell bus trial was funded from several Government and private sources. The 
Western Australian State Government contributed $9.95 million and the Federal 
Government’s Australian Greenhouse Office, which was located in the Department of 
Environment, Water, Heritage and the Arts (DEWHA), contributed $3.25 million. In addition 
BP contributed approximately $3 million by establishing and subsidising the hydrogen supply 
chain and refuelling infrastructure. 

���  �����	��
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The EcoBus trial was a complex undertaking that required the co-operation of several key 
partners including sectors of the Government of Western Australian, DaimlerChrysler, BP & 
BOC, Ballard Power Systems, the Public Transport Authority, Path Transit, Murdoch 
University and the Australian Commonwealth Government. The roles played by each of the 
major partners are described below: 

����������	�
	�������	
��������	

The Government of Western Australia led the project and provided the majority of funding. 
The Department for Planning and Infrastructure (DPI) was responsible for the management 
of the EcoBus trial. The approval of the Department of Consumer and Employment 
Protection and Main Roads Western Australia was also required to operate the vehicles on 
Western Australian roads. 

������	���������	
��������	

The Public Transport Authority (PTA) is the WA Government agency responsible for all 
public transport services in Western Australia including bus, ferry and rail services in both 
metropolitan and regional areas. PTA provided the land for the hydrogen refuelling station 
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and managed the contract with Path Transit (see below). PTA also provided personnel 
support and advice throughout the trial. 

������������	����������	

The Australian Greenhouse Office committed $2.5 million to the Perth trial and was a 
member of the project steering committee. 

���������������	�	�������	�����	�������	

DaimlerChrysler AG is one of the world’s leading automotive companies involved in 
developing fuel cell vehicles. EvoBus Germany (as part of the DaimlerChrysler group) 
manufactured the limited series of Mercedes-Benz Citaro fuel cell buses used in the trial. 
Fuel cell manufacturer Ballard Power Systems of Canada supplied the fuel cell engines for 
the buses. DaimlerChrysler was also responsible for co-ordinating a series of work packages 
aimed at capturing all learning from the European, Icelandic and Australian trials. 

��	�	� �	

BP supplied the hydrogen and the refuelling station for the first two years of the trial. The 
hydrogen was produced at BP’s Kwinana oil refinery. BP contracted BOC Gases to construct 
and maintain the hydrogen purification and refuelling infrastructure. Internationally, BP was 
also responsible for supplying hydrogen to a number of the European cities involved in the 
CUTE project. At the third year of the trial, BOC agreed to oversee the supply and 
distribution of the hydrogen. See section 2.3 for more information on this.  

!������	"���������	

An independent evaluation program was undertaken to capture the learning from the Perth 
trial. This evaluation included a public perceptions study, an operational analysis, a life cycle 
assessment and an economic assessment. The outcomes of the evaluation program will be 
used to further the development of hydrogen and fuel cell technology and to identify 
opportunities for industry development within the state of Western Australia. The majority of 
the evaluation program was undertaken by Murdoch University.  

����	�������	

Path Transit is one of three private companies that are under contract to the Western 
Australian Government (through the PTA) to provide Perth metropolitan bus services. Path 
Transit volunteered to operate and maintain the fuel cell buses from their Malaga based 
depot. Path also accommodated the refuelling station, allocated space within their existing 
maintenance facility for a dedicated service bay and workshop, and made personnel 
available to assist with maintenance and administration. All of this was without any direct 
financial advantage. 
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SmartTrack is a 100% Australian owned company that installed a GPS tracking system on 
each of the buses to enable their progress to be tracked by members of the public via the 
SmartTrack Website. 

"�����	$������	

The United Nations Environment Program and the United Nations Industrial Development 
Organisation both endorsed the EcoBus trial. 

%������������	�����������	
��	���	&����'��	(������	 )%�&(*	

The IPHE was established in 2003 as an international institution to accelerate the transition 
to a hydrogen economy. It does this by providing a mechanism for partners to organise, co-
ordinate and implement research, development, demonstration and commercial utilization 
activities related to hydrogen and fuel cell technologies. The IPHE supported and endorsed 
the EcoBus trial. 
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The EcoBus trial involved the operation of three hydrogen EcoBuses on existing routes in the 
Perth metropolitan area. Because hydrogen was a new fuel for the Perth bus network, 
significant new infrastructure was required. Monitoring and evaluating the operational data 
was also a key part of the trial, as was raising public awareness of the EcoBuses.  

���   
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The EcoBuses were part of a limited series of Mercedes-Benz Citaro fuel cell buses 
manufactured in Mannheim, Germany by DaimlerChrysler and were equipped with a HY-205 
P5-1 fuel cell engine developed by Ballard Power Systems, Canada. The fuel cell engine 
was based on two of Ballard’s Mk9 generation fuel cell stacks that supply power to a central 
electric motor with a maximum power of 250kW. The buses used compressed hydrogen that 
was stored in nine Dynetek high-pressure cylinders mounted on the roof of the vehicle. The 
total hydrogen storage capacity was 44 kg (15°C, 35 0 bar), which provided a range of about 
250 km. The bus design combined a fuel cell engine with standard bus components such as 
the automatic transmission and some auxiliary components; this was done to improve the 
reliability of the bus. The EcoBuses were constructed on a steel space frame and were 
heavier than conventional diesel or CNG buses. Because of this, they had a reduced 
passenger capacity due to the maximum weight limits of the axles.  

Fuel cells use hydrogen and oxygen to create electricity by an electrochemical process. 
There are different types of fuel cells – the proton exchange membrane (PEM) fuel cells used 
in the EcoBus trial operated in the following way: hydrogen is fed to the anode where a 
catalyst separates the negatively charged electrons in the hydrogen from the positively 
charged protons. Protons then move through the membrane to the cathode, which means 
that the electrons from the anode side of the cells cannot pass through the membrane to the 
positively charged cathode. They travel via an electrical circuit to reach the other side of the 
cell. This process produces the electrical current. At the cathode, oxygen from the air 
combines with electrons and protons to produce water and heat. To generate enough power 
to drive a bus, fuel cells are connected to each other and built up into two stacks (CUTE 
2006). 
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Figure 2.1 Fuel cell bus component layout 

 

Bus Specifications  

Passenger capacity 60-70people (30 seats)  

Net power of the Ballard fuel cell unit >250 kW  

Range 200-300 km  

Length 12m  

Weight approximately 15 tonnes  

Maximum weight of hydrogen approximately 44kg (1890 litres).  

Hydrogen purity 99.999%  

Table 2.1 Fuel cell bus specifications 

���  $���	�


For the first several months of the trial the buses operated on normal bus routes but outside 
normal scheduled service.  Primarily the buses operated on the City Central Area Transit 
(CAT) routes, the Circle routes (an inner/middle suburban route) and the City Link route.  
These are shown in Figure 2.2. The Circle and City Link routes are free flowing routes with 
dispersed stops while the City CAT routes are free services that operate in the Perth CBD 
under congested traffic conditions with more closely spaced stops and heavier passenger 
loads. 
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Figure 2.2 EcoBus routes 

From March 2005 the EcoBuses operated on normal scheduled service, which meant the 
buses often drove on several different routes each day.  Normal scheduled service placed 
greater pressure on the availability of the buses because if they were not able to operate 
according to their schedule then a replacement bus was required.  As the trial progressed, 
Path Transit developed a greater understanding of the capabilities and limitations of the 
EcoBuses, and began to rely on them to supplement their regular fleet. New drivers were 
trained so that in addition to their regular service schedule, the EcoBuses could be used to 
cover for inoperable CNG and diesel buses.  

���   
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The trial required the installation of significant infrastructure to ensure that sufficient 
hydrogen of the required purity was available for the EcoBuses. Hydrogen can be produced 
using a variety of techniques, with most hydrogen around the world being produced by steam 
reforming of natural gas (SMR), with electrolysis of water having minor applications.  

The hydrogen source for the EcoBus trial was unique, and originated from the BP Kwinana 
oil refinery. Naptha (a petroleum-based chemical) was separated during atmospheric 
distillation and diverted to a catalytic reforming process. The low-octane heavy naptha 
fractions were converted to high-octane reformate (gasoline blending components), releasing 
hydrogen as a by-product. The by-product hydrogen amounted to some 60 tonnes/day, of 
which 150 kg was taken to the EcoBuses project.   
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The support of BP was crucial is allowing the EcoBus trial to happen. In order to increase 
their internal understanding of the constraints and advantages of hydrogen, BP made a 
commitment to; 

·  fund the design and construction of the hydrogen purification facilities in Kwinana; 

·  supply raw (dirty) hydrogen to the Kwinana facility; 

·  fund the design and construction of the hydrogen refuelling facilities at the Path Transit 
Morley depot;  

·  transport purified hydrogen to the Morley depot; and 

·  supply purified compressed hydrogen to the EcoBuses at a fixed per-kg price. 

Once produced at the BP refinery in Kwinana, the hydrogen was piped two kilometres to the 
adjacent BOC site where it was purified to 99.999% in a Pressure Swing Absorption (PSA) 
unit that purified up to 18kg/hr. The purified hydrogen was then compressed to approximately 
160 bar using a dry lubricated Burton Corblin compressor.   

The hydrogen was then transported 66 kilometres to Path Transit’s Morley bus depot in one 
of two 34.8 tonne tube trailers.  Each truck trailer contained nine storage vessels that held a 
total of 350 kg of hydrogen.  A purpose built refuelling station then took the hydrogen from 
the trailer and further compressed it to fill the EcoBuses.   

 
Figure 2.3 Outline of the Perth hydrogen infrastructure 

The refuelling station was designed and supplied by Linde AG of Germany and comprised of: 

·  a hydraulic two stage compressor with air cooling; 

·  a low pressure buffer storage bundle with 6 packs of 12 cylinders (295 bar);  
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·  a medium pressure buffer storage bundle with 6 packs of 12 cylinders (295 bar); 

·  a single high pressure cylinder (450bar); 

·  a hydrogen chiller; and  

·  a hydrogen dispenser, including a flow meter, control valve, break-away coupling and a 
filling coupling.  

The refuelling station was designed to fill one bus in 12 minutes, a second bus in 14 minutes, 
and after a 41 minute pause, a third bus within 14 minutes.  

At the conclusion of the two year trial, BP (understandably) considered that it had gained 
sufficient learning from the current technologies and was reluctant to continue subsidising 
operation of the EcoBuses. As a final contribution to the Perth trial, BP ceded ownership of 
the refuelling infrastructure to the Western Australian Government. Fortunately BOC agreed 
to oversee the distribution of hydrogen for the final year of the trial, with BP maintaining its 
supply of un-purified hydrogen for a nominal per-kg charge. In particular, BOC was 
contracted to: 

·  purify the hydrogen; 

·  deliver the hydrogen to the Morley depot; and 

·  maintain the Morley depot refuelling facility. 

���  !%���������



Murdoch University conducted a number of evaluation studies into the trial. These included  

·  An operational report (see Cockroft 2007), including a review of bus operations, reliability 
and efficiency, as well as the effectiveness of the hydrogen infrastructure. This included 
daily operating data, maintenance data, meteorological data and fuelling station reliability 
data.  

·  A full life cycle analysis of the buses and hydrogen supply infrastructure (see Ally 2008). 
This provided a detailed understanding for the whole-of-life environmental impacts 
associated with the buses and hydrogen fuel cycle, and demonstrated how they compare 
with conventional buses. 

·  A cost benefit analysis (see Owen & Cockroft 2006), which put a dollar value against the 
social impact of these emissions and combined that dollar value with the cost of 
purchasing, operating and disposing of the EcoBuses. This has provided a tool for 
comparing the cost of various transport options, including fuel cell buses.  

·  A public awareness and perception study (see Garrity 2006), which was undertaken to 
gain an understanding of what level of knowledge and support there was in the 
community about hydrogen and the EcoBuses. 
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In order to directly compare Perth’s results to elsewhere around the world, the evaluation 
methodology was closely aligned with the CUTE and ECTOS trials.  
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This section outlines the EcoBus operations, reliability, and efficiency, as well as the 
outcomes of the life cycle analysis, cost benefit analysis and public perceptions study. The 
key message that emerged from the three year trial is that hydrogen is a technically viable 
transport fuel suited to use in the return-to-depot public transport fleet.   

���   
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At the conclusion of the trial, the EcoBuses had travelled nearly 260,000 kilometres, 
consumed nearly 47 tonnes of hydrogen and carried more than 325,000 passengers. The 
breakdown for each year of the trial is outlined below.  

 

 Year 1 Year 2 Year 3 Total 

H2 Consumed (kg) 12,861 17,478 16,613 46,953 

Distance Travelled 
(kilometres)  

75,887 98,280 85,378 259,545 

Fuel Efficiency 
(kg/100km) 

16.9 17.8 19.5 18.1 

Drive Train Hours 3,617 4,212 3,874 11,704 

Passengers Carried 95,006 117,663 112,832 325,501 

Table 3.1 Annual totals of key data 

The Murdoch University Operational Report (see Cockroft 2007) found that the buses 
operated on either normal or special service for an average of 15 days per month. On those 
operating days the buses averaged 6.6 hours of operation per day which equates to 101 
hours per month.  In this case operating hours are taken as engine hours because they 
accurately represent the amount of time the bus actually ran each day. This can be 
significantly less than the difference between the start and finish times entered by the drivers.  
The operational report found that (anecdotally) the current fleet of diesel buses operates in 
excess of 20 days per month and 10 hours per day.  The lack of detailed operational data on 
the conventional bus fleets makes comparisons difficult.  

The average distance driven on each operating day was 151 km and each bus travelled on 
average 2,420km per month.  The average daily distance travelled by each bus was 
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dependant on factors such as the route, traffic conditions, average speed and passenger 
loads. 

F
igure 3.1 show

s how
 the daily distances travelled accum

ulated over the trial to achieve a 
final total distance of 259,545.  T

he significant points to note are the flat periods betw
een 

A
pril and A

ugust 2005 and in M
arch and A

pril 2006.  T
hese are periods w

here the buses 
didn’t run because the refuelling station w

as out of operation.  T
he operation of the refuelling 

station is discussed in S
ection 3.2.  
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F

igure 3.1 P
assengers carried (C

ockroft 2007) 

B
y the final year of the trial, there w

as a greater understanding of the operational challenges 
of the E

coB
us program

. T
he num

ber of breakdow
n incidents and frequency of repairs 

decreased w
hile the average running kilom

etres increased.  T
his can be attributed to the 

learning w
hich accum

ulated over the previous tw
o years. F

or exam
ple, the staff at the depot 

could anticipate failures and take pre-em
ptive action before im

m
inent problem

s caused a 
breakdow

n, and a deeper understanding of the consequences of certain failures reduced the 
dow

ntim
e for troubleshooting.   

(�����	�����������	

T
he reliability of the buses exceeded all expectations. In term

s of availability, P
erth’s fuel cell 

buses w
ere available for m

ore than 90%
 of the tim

e (see C
ockroft 2007). F

or com
parison, 

the availability of the buses in the nine C
U

T
E

 cities is show
n F

igure 3.2. T
he definition for 

availability used in the C
U

T
E

 project is ‘the num
ber of dow

ntim
e days per m

onth as a 
proportion (%

) of the total num
ber of days in that m

onth’ (C
U

T
E

 2006). In practice, a bus is 
defined as unavailable if it is not available for service for at least eight hours.   
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Figure 3.2 Bus availability of CUTE cities (adapted from CUTE 2006) 

During the first two years of the trial the buses spent a total of 1,077 hours in maintenance 
for a total operating time in excess of 8,000 hours. This equalled 1 hour of maintenance for 
every 8 hours of operation. The third year required 458 hours of maintenance for a total 
operating time in excess of 3874 engine hours (or 1 hour of maintenance for every 7.1 hours 
of operation).  

These figures may seem high but it is important to consider that maintenance includes not 
only routine maintenance and repairs, but also upgrades, testing and troubleshooting that 
were necessary because of the experimental nature of the buses. In fact, routine 
maintenance made up 25% of the total maintenance effort while repairs accounted for 56%. 
Of the repairs, the majority related to fuel cell repair (37%) and the electrical system (20%). 
Figure 3.3 demonstrates that in the third year, routine maintenance made up 39% of the total 
maintenance effort, while repairs were down from previous years accounting for 47%.   
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Figure 3.3 Breakdown of maintenance labour (HAC Consulting 2008)  

Table 3.2 shows the average number of engine hours between each hour of repair effort.  
Repairs are a sub-set of the maintenance figures described above. 

 

 Year 1 Year 2 Year 3 Trial 
average  

Repair frequency  15.9 18.5 12.5 15.3 

Table 3.2 Average of hours of operation between each repair hour (HAC Consulting 2008) 

During the third year the EcoBuses required on-road maintenance at a rate of 25.8 incidents 
per 100,000km, which is better than during the first two years of the trial (see Table 3.3). This 
is an indication of increasing reliability over the period of the trial, particularly compared to 
the first year. It is difficult to draw conclusions from the mix of callout types per year since the 
decision to drive a bus back to the depot or to fix it on the road can be influenced by the 
availability of the service personnel at the time of the incident.  

 

 Towed back to 
depot 

Driven back to 
depot 

Returned to 
Service 

Total 

Year 1 9.2 23.7 25.0 58.0 

Year 2 3.2 18.0 5.3 26.5 

Year 3 0.0 25.8 0.0 25.8 

Table 3.3 Maintenance callouts per 100,000km (HAC Consulting 2008) 
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The fuel efficiency of the buses decreased slightly over the period of the trial as shown in 
Figure 3.4. There are a number of factors that can affect fuel efficiency in the EcoBuses 
including traffic conditions, passenger load, time at idle, and the conversion efficiency of the 
fuel cell itself. It is not possible to determine from the data what combination of these factors 
may have been responsible for the observed trend.   
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Figure 3.4. Fuel efficiencies (HAC Consulting 2008) 

To compare the efficiency of the fuel cell buses with current diesel and CNG buses it was 
necessary to use a common basis of comparison in terms of energy and operating 
conditions. Ideally comparative fuel consumption data would have been collected while 
operating the different buses under the same conditions such as load, topography and traffic 
conditions. This was not possible due to resource constraints so the fuel efficiency of Perth’s 
diesel and CNG buses was taken from the results of the Commonwealth Government’s 
emissions testing program.  

In 1998 the National Environment Protection Council developed a set of drive cycles specific 
to Australian driving conditions called the Combined Urban Emissions Drive Cycle (CUEDC).  
The CUEDC enables standardised dynamometer testing of different vehicles so that valid 
comparisons can be made of each vehicle’s fuel economy and emissions under a range of 
different driving conditions.  The CUEDC is made up four segments; congested, minor road, 
arterial and freeway driving.  

Table 3.4 shows the fuel economy of the fuel cell buses and Perth diesel and CNG buses in 
terms of energy consumed per kilometre travelled. The second column shows the CUEDC 
segment that most closely matches the driving conditions of each Perth route. As can be 
seen in the table, the EcoBuses achieved efficiencies greater than CNG, and comparable 
with diesel.  
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 CUEDC 

Equivalent 

Segment 

Fuel Cell 

(MJ/km) 

Diesel 

(MJ/km)  

CNG 

(MJ/km)  

City Cat Congested 25.99 24.2 32.9 

Circle Arterial 20.35 19.5 25.7 

Link Arterial 19.48 19.5 25.7 

PTA fleet average Combined NA 16.2 24.2 

Table 3.4 Fuel consumption for fuel cell, diesel and CNG buses (Cockroft 2007) 

It is important to note that the buses were designed to meet reliability objectives and not to 
be as efficient as possible. The summary of the CUTE trial (2006) found that energy 
efficiency can be greatly increased by utilising a hybrid drive train, eliminating the design 
requirement for the fuel cells to always produce a minimum current, changing the auxiliary 
system and reducing the weight of the bus. The CUTE summary notes that work is underway 
to address these issues.  
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Failures in the hydrogen fuelling station were the cause of several major interruptions to the 
operation of the buses during the first two years of the trial. Nearly three months of operation 
were lost in the nine months between January 2005 and September 2005. Potentially, the 
EcoBuses could have travelled a further 74,000 kilometres during the first two years of the 
trial if these outages had not occurred. Several design modifications and repairs were made 
to the refuelling station such as:  

·  an upgrade to the dispenser hose to a 700 bar rated hose; 

·  the installation of anti-whip devices to reduce the stress on the hose at its connection 
points; 

·  a venting system to reduce the pressure in the hose from 350 bar to 50 bar between fills; 

·  several additional filters; and  

·  several changes to the control system software.  

These changes enabled the fuelling station to operate without major incident between 
September 2005 and July 2006. 
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Over the three year duration of the trial, the buses were refuelled 1988 times. Of these, 120 
failed to complete the refuelling process due to a fault indication from the fuelling station 
control system.   

The operation of the refuelling station was internally monitored by numerous temperature 
and pressure sensors that provide feedback to the control system. When the signals from 
these sensors reached certain fault thresholds the refuelling process was stopped. In most 
cases these did not represent a safety risk and refuelling continued after the station was 
reset.   

Addressing these ‘nuisance’ faults by adjusting the threshold limits of certain parameters 
would have significantly improved the operations of the fuelling station. Technically this was 
possible to achieve but required approval from the Austrian original equipment manufacturer. 
This was difficult due to contractual impediments relating to warranty that made it difficult to 
contemplate upgrades on site-specific software or hardware changes.   

The failure rate of refuelling attempts was based on data collected by the drivers when they 
refuel the buses.  It became evident that the drivers were not recording every failed refuelling 
attempt.  Instead, drivers would often record one successful refuel, when they had actually 
experienced a fault and immediately restarted the refuelling process. Maintenance staff 
collected detailed information relating to the failure rate and failure mode of the refuelling 
station during April 2007. This new more accurate data indicated a refuelling failure rate of 
54% while the refuelling data derived from routine sheets for the same period indicated a 
failure rate of only 14%.  

The refuelling station was designed to refill each bus in less than 14 minutes. Of the 1988 
refills, 834 (or 42%) took greater than 14 minutes to complete. It is important to note that 
refuelling times were recorded manually by the drivers from the refuelling station clock, which 
introduces a level of uncertainty into all time measurements. So the actual number of times 
that the refuelling station has exceeded the refill time limit may vary from that stated above, 
however the high percentage of extended fill times is a strong indication that further 
investigation is required. The lesson to emerge is that the opportunities for automation of 
data collection should be vigorously pursued for future fleet evaluations as data integrity can 
be compromised when bus drivers, refuellers and technicians are expected to manually 
record times, dates, volumes, measurements and events. This is discussed in more detail in 
Section 4.2.  

In addition it is also important to note that the lessons learned by trialling three fuel cell buses 
do not directly scale up to running a commercial fleet of 100 or more buses. The centralised 
production of hydrogen and the use of tube trailers to deliver it to the refuelling site would 
quickly become impractical for fleets of 10 or more buses, as the daily use of hydrogen would 
exceed the useable capacity of one trailer. A sustainable source of hydrogen would be 
required for a larger fleet of buses or to supply a more extensive trial. 
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The life cycle analysis (LCA) sought to gain a clear understanding of the total environmental 
impacts of hydrogen fuel cell buses, as well as CNG buses and diesel buses. The LCA 
included measuring all the material and energy inputs related to the buses, the refuelling 
infrastructure and the disposal of the buses. The results of the LCA (Ally 2008) were 
aggregated into Life Cycle Impact Categories, which are standardised methods of compiling 
complex data into a single representative value. These categories include global warming 
potential (GWP), photochemical ozone creation potential (POCP), acidification potential (AP), 
eutrophication potential (EP) and overall energy demand. The results of the LCA are for the 
three bus transportation systems (diesel, CNG, and hydrogen fuel cell) and account for all 
emissions throughout the bus life cycle and fuel infrastructure. In the case of hydrogen, it 
assumed that production was based on the Perth-specific, BP/BOC supply chain.  

As can been in Figure 3.5 the EcoBus (FC) had total GWP slightly greater than the present 
diesel system, but less than CNG. In this case, the hydrogen production path produced 
significant greenhouse emissions, largely due to crude oil extraction and the use of coal-
based grid electricity during processing and compression phases.  

 
Figure 3.5 global warming potential (GWP) (Ally 2008) 
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Figure 3.6 Eutrophication potential (EP) (Ally 2008) 

�

Figure 3.7 Overall energy demand (Ally 2008) 

Figure 3.6 outlines the eutrophication profile, showing the fuel cell buses with lower EP than 
both the conventional models. The LCA found that this was dominated by the emissions of 
nitrogen oxides from each transportation system, with the combustion vehicles producing 
NOx at the tailpipe and the FC vehicle producing it during fuel production at the refinery. 

Figure 3.7 outlines overall energy demand and shows that the FC system consumes 
approximately three times the energy of the diesel. However, as was noted previously, there 
is significant room for improvement in efficiency; the Ballard FC engines used during the trial 
were intended to demonstrate a reliable fuel cell vehicle, and design tradeoffs were made to 
achieve high reliability at the expense of energy efficiency. The high energy demand for 
hydrogen could also be attributed to the significant construction effort required in Perth to 
build a hydrogen fuelling infrastructure to fuel three buses.  

Overall, the LCA found that the EcoBus trial achieved nearly the same GWP profile as the 
current diesel infrastructure and a significant reduction in eutrophication, with a very un-
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optimised system. By this it meant that in the years since the buses were built, significant 
advances have been made in fuel cell performance, engine concept, hydrogen storage and 
vehicle layout. It is expected that the next generation of fuel cell buses will bring drastic 
improvements in fuel economy, which linearly translates into a reduction in energy and 
environmental impacts (Ally 2008).  
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While there are many benefits associated with fuel cell technology including greatly reduced 
tail pipe emissions, greater energy efficiency, improved fuel supply security and potentially 
reduced maintenance costs, the trade-off is that fuel cell technology and hydrogen are 
currently much more expensive than their conventional engines and fossil fuels. To assess 
these trade offs, a cost benefit analysis (CBA) was conducted that took into account capital 
and operating costs (such as initial purchase cost, fuel and maintenance costs) and social 
costs (such as green house gas emissions and the health costs of pollution) over the 15-year 
life of the vehicles and fuel production/supply systems. The CBA was conducted at the start 
of the trial and was based on a set of fuel costs, capital costs, emission rates and pollution 
costs that were derived from a range of international studies (Owen & Cockroft 2006).  

The high initial cost of the EcoBuses meant that they could not compete financially with 
existing fossil fuel technologies, with the experimental nature of the technologies seeing 
them cost around four times that of a diesel bus. Therefore the CBA was undertaken 
assuming that the buses, including fuel cells, were produced under conditions of economies 
of scale and that fully developed fuel infrastructure for the provision of hydrogen already 
existed. Despite the large difference between the assumed and the real cost, this was 
considered to be a reasonable assumption as the three Perth buses were part of a limited 
number of experimental buses that were never intended to be commercially produced, and 
did not reflect what could be expected of a mass-produced fuel cell bus. 

The CBA looked at a range of scenarios to observe the effect of different economic 
conditions such as escalating fossil fuel prices and higher costs attributed to global warming 
potential. The CBA used the costs shown in Table 3.5, which were derived from a review of 
the current literature at the time. 
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Annual distances travelled per 
bus 

55 000 km 

B
us

es
 

Lifespan of buses 15 years 

Retail price of diesel $1.04/litre ($0.57/litre or $1.78/gallon of 
gasoline equivalent (gge) net of tax) 

Retail price of CNG $1.05/m3 ($0.57/m3 or $1.79/gge net of tax) 

Retail price of hydrogen (SMR 
with CO2 seq.) 

$3.50/kg  ($2.80/kg or $2.83/gge net of tax) F
ue

l 

Retail price of hydrogen 
(wind/electrolysis) 

$5.00/kg  ($4.16/kg or $4.21/gge net of tax) 

Life of fuel cell stack pair 5 000 operating hours 

F
ue

l C
el

l 
S

ta
ck

 

Replacement cost of fuel cell 
stack pair 

$12 000 

Table 3.5 Base costs for CBA (Owen & Cockroft 2006) 

As shown in Figure 3.8, the diesel buses were the least expensive over the fifteen year 
operating life of the buses, primarily due to their lower capital costs and fuel cost. Two 
options are shown for the fuel cell bus, one where the hydrogen was derived though steam 
reforming of methane (SMR) and the second where the hydrogen was produced through 
electrolysis of water and renewable electricity from wind turbines. The fuel cell bus with a 
renewable source of hydrogen was the most expensive primarily due to higher fuel costs.  

The CBA found that ‘overall, (the EcoBuses) would appear to offer substantial societal 
benefits where they operate in cities with high population concentrations and where high 
levels of air pollution from the transport sector impact negatively on human health. For cities 
such as Perth, the benefits are less marked’ (Owen & Cockroft 2006, p30). 

The social costs of air pollution and greenhouse gases in Perth were relatively small when 
compared with congested or densely settled cities such as Paris, where health costs are a 
significant component of the social costs of transport. Had the European health costs been 
used in the base case cost for the trial, then mass produced fuel cell buses would be 
competitive with diesel buses for both sources of hydrogen.  

The CBA also found that ‘in the absence of economic instruments that can effectively 
internalise the externalities of the road transport sector, the benefits of using near-zero 
emissions technology outside of public sector buses would appear to be limited’ (Owen & 
Cockroft 2006, p30). 
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Figure 3.8 Comparative costs of different buses over 15 years (Owen & Cockroft 2006) 

The CBA identified a range of factors that will influence the future competitiveness of fuel 
cell, diesel and CNG buses. These include: 

·  vehicle efficiency; 

·  fuel costs; 

·  fuel cell system cost and durability; 

·  emission rates from different fuel production streams; 

·  future costs associated with GHG such as carbon trading and taxes; and 

·  the future availability of imported oil.  

All of these factors are dynamic and some may change quickly (see Figure 3.9). Importantly, 
the economic model developed to conduct the CBA provides a tool that can be used to 
assess these factor as they change, and will help in determining the viability and cost 
effectiveness of future fuel cell bus operations. 
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Increasing cost of oil  

Since the mid 1980s the inflation adjusted price of a barrel of crude oil has been under $US25/barrel 

and was still at this level in September 2003. The cost of oil has been rising sharply since then; it was 

$60/barrel by August 2005, $75 in mid 2006, $92 by October 2007 and $99 during November 2007. 

Throughout the beginning of 2008, oil hit several new record highs. During February 2008 oil prices hit 

an inflation-adjusted all-time peak at $103.05 per barrel, and reached $110.20 during March 2008. At 

the time of writing, oil prices had risen to $120.21. BP’s Statistical Review of World Energy (figure 

below) has tracked the cost of oil over a number of years, and shows a sharp increase in price during 

the course of the EcoBus trial.  

Figure 3Figure 3Figure 3

 
Figure 3.9 BP’s Statistical Review of World Energy 2007 
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The EcoBus provided an ideal opportunity to gather information on the community’s 
knowledge, perceptions, values and attitudes concerning the introduction of the Hydrogen 
Fuel Cell Buses. To capture this, Murdoch University (see Garrity 2006) conducted a public 
awareness and perceptions study. The study was conducted through surveys and interviews 
with a random sample of 300 Perth residents surveyed before the start of the EcoBus trial 
and a random sample of 300 Perth residents surveyed at the conclusion of the second year. 
The latter sample included people who had and had not ridden on the buses. Respondents 
were asked questions relating to their:  

·  perceptions of current Transperth bus features;  

·  perceptions, awareness and attitudes towards hydrogen and fuel cell vehicle technology;  
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·  willingness to pay for hydrogen fuel cell buses and;  

·  current environmental awareness, knowledge and associated behaviour. 

The public perception study found that awareness of hydrogen vehicles before the EcoBus 
trial was relatively low with less than half of the respondents surveyed declaring that they had 
any knowledge of hydrogen vehicles (see Figure 3.10). However, the introduction of the 
three hydrogen fuel cell buses for the EcoBus trial and the associated information campaign 
had a significant effect on raising the level of public knowledge. Six months after the start of 
the trial, over 60% of respondents were aware that auto manufacturers were developing 
hydrogen fuel cell vehicles (Garrity 2006).  

 

 

 

 

 

 

 

Perceptions 

Respondents were asked questions to gauge their perceptions of the word hydrogen. The 
majority of associations with hydrogen were neutral; for example, words such as ‘gas’ or 
‘water’. However, a reasonable proportion of associations were negative; for example, 
respondents associated the word hydrogen with words such as ‘bomb’ and ‘explosion’. The 
positive associations included such statements as ‘clean fuel’ and ‘environmentally friendly’. 
The number of positive associations was slightly higher (and negative associations slightly 
lower) amongst respondents who were surveyed after the start of the trial. 

 

 

 

 

 

 

 Figure 3.11 Perceptions of Hydrogen (Source Garrity 2006) 
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Figure 3.10 Knowledge of hydrogen vehicles 
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Attitudes 

Overall, support for the EcoBus trial was extremely high. Almost 95% of respondents both 
before and after the start of the trial were supportive of the trial. The reasons for this support 
were predominantly the perceived environmental benefits of hydrogen vehicles (i.e. ‘less 
pollution’) and the growing requirement for alternative fuels as conventional energy reserves 
decline.  

During the third year of the trial, the EcoBus team maintained a strong community presence, 
hosting several depot tours and making appearances at schools and prominent events. 
Several groups requested site tours or appearances by the EcoBus at special events. No 
quantitative data was collected to measure changes in public perception during the third 
year, however the qualitative feedback from the drivers and the general community was 
extremely positive.  Over each year of the trial, the team received an increasing number of 
requests for demonstrations, tours, and lectures.  This reflects the general public interest and 
support of the technology.  EcoBus drivers reported positive associations with the trial among 
users, and regularly fielded daily questions regarding the future large-scale implementation 
of the technology. 
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In addition to the problems associated with the hydrogen infrastructure, the trial encountered 
some other challenges. Understanding and addressing these will be a key component of any 
future use of hydrogen as a fuel. This section briefly outlines some of these issues and the 
lessons learnt.  
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The EcoBuses were the first hydrogen fuel cell vehicles to be licensed on Australian roads. 
As such, the standard processes to import and license internal combustion engine vehicles 
did not directly apply to what is effectively an electric vehicle running on hydrogen. A critical 
part of the trial therefore, was to identify and overcome aspects of the legislation that were 
not suited to the operation of fuel cell buses 

The process to begin operations on Perth roads was long and complex (it took over two 
years to complete), and involved local, state and federal government departments. The 
process began with gaining approval to import the buses from the Federal Office of Road 
Safety, which required a full assessment against Australian Design Rules (ADRs) for the 
vehicle design. In particular, licensing approval was required by Main Roads Western 
Australia and the Department for Planning and Infrastructure, as the EcoBuses exceeded 
weight and width restrictions for their vehicle type. It was also necessary to gain approval for 
the fuel cell and high-pressure hydrogen system from Energy Safety WA, a division of the 
Department of Consumer and Employment Protection (DOCEP). The ADRs did not cover 
fuel cells or hydrogen, so other design and safety regulations had to be applied. This process 
took around 12 months. There was also no directly applicable Australian legislation or 
guidelines for technical and safety requirements for a hydrogen vehicle maintenance facility. 
Advice was provided by BP, BOC and the DOCEP Division of Resource Safety. 

Although time consuming, it was critical that existing processes were followed as much as 
possible. This was so that policy makers could identify and understand the legislation that 
needed modification in order to accommodate future applications of hydrogen and fuel cell 
vehicles. 
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The majority of data collected for this study was collected manually by either the bus drivers 
or the maintenance technicians who recorded particular readings and results on hard copy 
operating sheets. These sheets were collected monthly and entered into a data base for 
analysis. This introduced uncertainty into some of the analysis because of omissions and 
inaccuracies in the sheets. An extensive automated data collection system fitted to the buses 
by Ballard Power Systems was used to monitor the operation of each of the systems within 
each bus. Although access to this data set would have reduced uncertainty and provided a 
richer picture of the operation of the buses, it was not available due to contractual and 
technical reasons. Warranty issues also limited or prohibited fitting additional data collection 
systems to the buses.   

Comparison with existing diesel and CNG buses proved difficult because of a lack of 
sufficiently detailed operating and maintenance records. Access to the data that does exist is 
limited because they are seen by the operators as commercially sensitive.   

In noting these warranty issues it should be acknowledged that the prices charged by 
DaimlerChrysler and Ballard Power Systems for the construction and support of the 
hydrogen buses would not reflect the substantial R&D investment made by those companies 
to progress the technology to the point where this limited production run was possible.   

However, it is recommended that for future trials the scope and nature of data collection be 
determined early in the trial planning process. This would ensure that the data collection 
methodology (either manual or automated or a combination of both) can be decided, 
designed and tested and would provide additional time to negotiate any contractual or 
warranty issues.  

In addition, it is recommended that in order to assist with the comparison of different types of 
vehicles, similar maintenance and operating data should be collected on the different 
vehicles under the same or very similar conditions. To achieve this it may also be necessary 
to allocate the baseline or control buses to the trial for a significant period.  This would 
require significant additional resources to collect and analyse the data.   
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One of the conditions of the trial was to ‘lock’ the technology at a particular stage of 
development and to operate under as near-to-normal operating conditions as possible. The 
advantage of this was that the bus manufacturers (Daimler Chrysler) took complete 
responsibility for all bus-related issues and reliability. To ensure this happened, no third-
parties were allowed to work on the buses, to refine systems or to make changes. Two 
dedicated engineers/technicians were maintained at the Perth site for the duration of the trial 
(this was augmented by a Perth technician who received training on the fuel cell drive train) 
and a comprehensive spare parts inventory was maintained in Perth. This arrangement 
ensured low risk for the State Government, as a high level of support was built into the price, 
and the Government knew in advance how much the project would cost. 



 

Perth Fuel Cell Bus Trial 2004-2007  June 2008 

36 

However, the ‘locked’ characteristics of the trial meant that there were no opportunities to 
take advantage of technological improvements as they arose, nor were there any 
opportunities for local suppliers to develop and offer alternative components or to design 
hardware or software improvements. 

On balance, the decision to lock the technology was appropriate, given the need to 
demonstrate the reliability and technical capability of hydrogen buses. However, any future 
trial should build in opportunities for better local industry development. This could include: 

·  choosing bus suppliers who are willing to engage local Australian bus body-builders, offer 
a high degree of modularity and upgradeability and are willing to allow direct contact 
between the customer and the major sub-system suppliers;  

·  setting the size of the proposed fleet to a quantity that will encourage production in 
Australia; and 

·  identifying other potential users who would share the costs of hydrogen production and 
distribution infrastructure.  
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Environmental factors are a key driver behind the pursuit of hydrogen as a transport fuel 
because, if powered from renewable sources, there is the potential for a significant 
contribution to transport sector greenhouse gas emissions reductions. However, as noted in 
Section 3.3, the EcoBuses had a GWP slightly greater than that of the current diesel buses 
(but less than CNG). This was due mainly to the production of the hydrogen at the BP 
refinery. This aspect of the trial emphasises the importance of using renewable energy 
supplies for the future production of hydrogen. This is yet to be cost effective, with the CBA 
finding (unsurprisingly) that renewable sources of hydrogen were the most expensive option. 
However, for the full environmental benefits of hydrogen to be realised, it is crucial that cost 
effective clean hydrogen be produced. 

Despite this, there are some positives to take forward from this trial. For example, the LCA 
found that hydrogen produced from the BP refinery achieved much lower GWP than 
hydrogen produced from natural gas steam reforming (which is how much of the world’s 
hydrogen is produced). The hydrogen produced at the BP Kwinana refinery was a by-product 
of the petroleum refining process, and the three EcoBuses took only 0.2% of the refinery’s 
hydrogen output. The BP refinery method could therefore be an appropriate transition stage 
in the shift to a clean hydrogen economy1.  

 

 

                                                
� � It should be noted that the transport of hydrogen from the BP refinery to the bus depot produced 
greenhouse emissions, and these were factored into the LCA.  
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Although largely successful, the longer term benefits from the trial will depend on how the 
outcomes are utilised. The Western Australian State Government is currently exploring 
options in this area and the relationship with international partners has been an important 
part of the trial. The State Government continues to participate in the HyFLEET:CUTE 
project and, under the banner of the Hydrogen Bus Alliance, has signed a Memorandum of 
Understanding (MoU) with several European and North American governments and bus 
operators. The purpose of the MoU was to establish a working group that shares information 
and knowledge on: 

·  hydrogen powered bus technologies and refuelling infrastructure; 

·  planned procurement programs; and 

·  tender procedures, documentation and evaluation.  

The stated aims of the MoU working group are to: 

·  demonstrate to potential suppliers of hydrogen buses and refuelling infrastructure that 
markets exist for these technologies; 

·  achieve economies of scale where possible through demonstrating joint demand to 
suppliers; 

·  encourage suppliers to move towards the commercialisation of hydrogen buses as soon 
as possible; 

·  procure and operate hydrogen buses in public transport operation from 2008 onwards; 
and 

·  share information and experiences with other cities and regions and welcome the 
addition of new partners to the working group. 

The pursuit of a follow up trial in Perth would enable the State Government to take 
advantage of these international partnerships, as well as capitalise on the significant learning 
and expertise gained from the 2004-2007 trial.  
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The development and widespread adoption of sustainable transport technologies will be 
essential in addressing the threat of diminishing fossil fuel supplies and reducing the 
transport sector’s greenhouse gas emissions. The Perth EcoBus trial has helped in 
assessing the potential of hydrogen to be part of a sustainable fuel mix in the medium to long 
term.  

All participants agreed that the EcoBuses had performed beyond expectations and the 
project successfully demonstrated that hydrogen is a technically viable fuel, and that fuel cell 
technology is a potential option for future return to fleet public transport. The CUTE/ECTOS 
trials have delivered the most extensive set of operational data for fuel cell vehicles and 
refuelling infrastructure – operated under real world conditions – compiled so far. This has 
enabled on road performance and reliability comparisons between current generation fuel 
cell buses and conventional internal combustion engine buses, and these comparisons have 
shown where technical improvements are needed for hydrogen bus technologies and 
hydrogen production to become cost competitive. 

The information collected during this trial has, through the CUTE and HyFLEET:CUTE 
partnerships, assisted bus and fuel cell engine manufacturers to further develop fuel cell 
technology. For example, Daimler and other fuel cell bus suppliers are developing several 
improvements for the next generation of hydrogen fuel cell buses. These improvements 
include higher pressure hydrogen storage (increased from 350bar to 700 bar), wheel hub 
motors, electrically powered auxiliary systems, fewer fuel cells with greater power density 
and a hybridised drive train. These improvements offer efficiency gains in the order of 50% 
over the fuel cell buses used in the Perth EcoBus trial.   

A summary of the key findings from the trial are listed below: 

·  The operations of the EcoBuses exceeded expectations. They travelled nearly 260,000 
kilometres, consumed nearly 47 tonnes of hydrogen and carried more than 325,000 
passengers.  

·  While the EcoBuses performed well, they were designed for reliability/availability and not 
necessarily efficiency. Improvements to the buses including utilising a hybrid drive train, 
eliminating the design requirement for the fuel cells to always produce a minimum 
current, changing the auxiliary system and reducing the weight of the would increase 
efficiency significantly.  

·  The refuelling technology did not match the performance of the buses. A significant 
reason for buses not operating was due to failures in the refuelling stations. This was 
also a problem for a number of trials in the CUTE program. 

·  The life cycle analysis (LCA) found that the hydrogen production system was crucial in 
determining the extent to which global warming potential and other environmental criteria 
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are improved. Overall, the EcoBuses had a GWP similar to the diesel buses (but less 
than CNG) with a very un-optimised system.  

·  The cost benefit analysis (CBA) found that diesel buses were the least expensive over a 
fifteen year operating life, primarily due to their lower capital costs and fuel cost. The 
CBA noted that the price gap between conventional fuels and hydrogen will close as the 
externalities of road transport sector are adequately internalised.  

·  The public awareness and perception study found there was widespread support for the 
introduction of hydrogen fuel cell buses, although many people would like to be better 
informed. Respondent’s perceptions of hydrogen were slightly more positive after the trial 
than before, with support derived from perceived environmental benefits  

The key issues and areas of learning that emerged from the trial were:  

·  While there was general support for the trial, the significant (and time consuming) 
regulatory challenges suggest that there was a lack of understanding of hydrogen and its 
benefits.  

·  Contractual meant there were limitations in the data collection methodology. It is 
recommended that any future trials determine the nature of the data collection early in 
the planning process. 

·  The nature of the contracts and warranties with suppliers provided some certainty for the 
State Government regarding price, and therefore lowered risk. The downside was that 
there were limited opportunities for local suppliers and industries to participate in the trial 
and develop their understanding of hydrogen and its applications. It is therefore 
recommended that any future trials build in opportunities for local industry participation.  

·  The trial emphasised the importance of developing renewable electricity generation 
technologies for the production of hydrogen. Any future trials should seriously explore 
renewably produced hydrogen.  

·  The pursuit of a follow up trial in Perth would enable the State Government to take 
advantage of these international partnerships, as well as capitalise on the significant 
learning and expertise gained from the trial.  

Addressing the challenges associated with hydrogen fuelled fleet based transport will be a 
huge task. However, by taking the lessons learnt from the EcoBus trial and exploring 
opportunities for a trial of next generation fuel cell buses, Western Australia has contributed 
to global efforts to address hydrogen related challenges, and ensure a sustainable transport 
energy future.  
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A program of this complexity could not succeed without the hard work and cooperation of numerous 

organisations and individuals. To ensure that those contributions do not go unrecognised, the efforts 

of several groups and individuals are acknowledged.  

Project Team  

The successful introduction and operation of the buses has been underpinned by the efforts of 

numerous government and industry professionals including: 

 

Jamie Ally – Ballard Power Systems, Canada Bernhard Flicker – DaimlerChrysler/EvoBus 

Di Biletic – Department for Planning and 
Infrastructure 

Glen Head – previously Department for Planning and 
Infrastructure 

Alan Bray – Path Transit Ian Kerr – Path Transit 

Mark Burgess - Public Transport Authority Brian Marsden – BP 

Colin Cockroft –Murdoch University Emma Vanderstaay - BOC  

Brendan Davis – Path Transit Simon Whitehouse – previously Department for Planning and 
Infrastructure 

Tim Few - BOC Jack Wilson - DaimlerChrysler Australian/Pacific 

Lisa Garrity – Murdoch University Tim Woolerson – Public Transport Authority 

Operations and traffic control staff at the Path Transit 
Morley Depot 

 

Evaluation Team 

The evaluation of the trial was conducted and supervised by personnel from Universities around 

Australia including: 

 
Jamie Ally – Ballard Power Systems, Canada Manus Higgins – Murdoch University 

Dr David Annandale Robert Ilg – Life Cycle Analysis, Murdoch University 

Colin Cockroft – Operational Analysis and CBA, 
Murdoch University 

Prof Philip Jennings – Murdoch University 

Lisa Garrity – Public Perceptions Study, Murdoch 
University 

A/Prof Tony Owen - CBA, University of New South Wales 

Dr David Harries – Murdoch University Dr Trevor Pryor – Murdoch University 

Public Perceptions Study 

The public perception study was undertaken as part of the AcceptH2 project. AcceptH2 was an 

international project that evaluated the public perception of hydrogen buses in five cities including 

Perth (Australia), London (United Kingdom), Berlin (Germany), Luxembourg (Luxembourg), Oakland 

(California, United States). Partners involved in AcceptH2 included: 

 
Murdoch University, Perth, Australia Saarland University, Saarbrucken, Germany 

The Department for Planning and Infrastructure, 
Perth, Australia 

ACTransit, United States 

 

Imperial College, London, United Kingdom University of California, Davis; United States 

L-B-Systemtechnik, Ottobrunn, Germany  
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Life Cycle Analysis 

The life cycle analysis required data and advice from a wide range of sources, in particular: 

 
Trevor Pryor, Murdoch University Geoff Grenda, Grenda Corporation, Melbourne, Australia 

Glen Head, previously Department for Planning and 
Infrastructure 

Brian Marsden, BP, Kwinana, Australia 

Byron Somerville, Ballard Power Systems Tim Few & Emma Vanderstaay, BOC, Kwinana, Australia 

Robert Ilg, LBP University of Stuttgart, Germany Alan Bray & Ian Kerr, Path Transit, Perth, 

Michael Faltenbacher, PE Europe GmBH, Stuttgart, 
Germany 

Paul Burke, John Lambert, & Tim Woolerson, Public 
Transport Authority, Perth, 

Manfred Schuckert, EvoBus GmbH, Mannheim, 
Germany 

 

Bus Drivers 

The contribution that the drivers have made to the success of the trial is significant. They were the 

public face of the EcoBuses and their support for the technology and their enthusiasm for answering 

questions greatly contributed to public acceptance and the overall success of the trial. The operational 

analysis of the EcoBuses relied heavily on the reporting sheets that were filled in daily by the bus 

drivers. Their diligence in this often tedious task is greatly appreciated. For these reasons we 

acknowledge the personal and professional contributions of the following drivers both past and 

present: 

 
Bob Allen Rainer Naleppa 

Stuart Edwards George Hopper 

Michael Gledhill Jim Spinks 

Brian James Greg Turnbull 

Terry Mercer Sharon White 
Enrico Nesci Paul Wroblewski 

 

 


