
GWRC Councillor discussions
4 June 2014



Agenda and issues

Welcome and introductions 0930

Presentation from Jacobs SKM team 0945

• Objectives
• Current situation
• Power supply related issues
• Overhead related issues
• Trolley bus vehicle issues
• Possible alternatives

Discussion 1030

Next steps 1130

Conclusion by 1300
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Project objectives
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• To provide sound technical advice to enable GWRC 
Councillors to make an informed decision on the fut ure 
public transport service for Wellington:

• Will trolley buses form part of the fleet?

• Specifically identified issues:

• Traction power
• Overhead networks
• Public transport vehicles and capabilities
• Approximate cost estimates
• High level evaluation of benefits and issues / risks



Background and current situation
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• GWRC contracts to NZ Bus Limited and Wellington Cable Car Limited for 
trolley bus services and overhead infrastructure expire 30 June 2017

• Need to plan for actions well ahead of contract expiry

• PwC engaged to identify and evaluate vehicle fleet alternatives to meet 
desired service performance improvements – reporting April 2014

• Improved reliability, reduced transit times, reduced vehicle congestion in 
CBD

• PwC study informed by Public Transport Spine Study completed in June 
2013, which recommended Bus Rapid Transit for the spine route:

• Dedicated bus lanes
• High capacity new buses

• Improvements to improve frequency and journey times.  
• PwC’s evaluation was against a base case of  maintaining power and 

overhead infrastructure, and replacing diesel buses as they reach end of 
life with current Euro V / VI.  Total Present Value of minimum investment of 
$463 M: $355 M in infrastructure, mostly electrical supply related, and 
$108 M in new bus capital and operating costs



Background and current situation
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• PwC: substantial investment 
in vehicles required, based 
on age and NZTA’s 20 year 
bus life limit

• And an assumption that 
due to “trolleys and 
associated infrastructure 
nearing end of life…trolleys
will exit the fleet in 2018” 
(p 31) – addressed later

• PwC considered 11 fleet options with combinations of trolleys and buses 
powered by diesel, hybrid diesel-electric, overnight charge electric, 
opportunity (wayside) charge electric and hydrogen fuel cell

• The evaluation estimated capex and opex and calculated NPV totals.  
Benefits were calculated relative to the baseline over 40 years (p10) 



Background and current situation

6

• PwC’s conclusions on cost, against baseline of current fleet mix and 
new diesels Euro V / VI, favoured diesel and hybrid diesel-electric 
buses: 



Background and current situation
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• PwC’s overall conclusions were:

• Maintaining the current fleet and network configuration is the 
poorest performing option (excluding hydrogen fuel cell buses)

• Greatest environmental benefits come from replacing the early 
Euro diesel buses, regardless of the replacement fuelling

• All options offer environmental benefits, including those that scrap 
the trolleys in favour of Euro V / VI diesels

• Four options enable cost savings and increase environmental and 
efficiency benefits:
– Euro V+ diesel

– Hybrid diesel-electric

– Electric
– Accelerated hybrid introduction



Background and current situation
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This raised a number of issues, particularly :

• Are the costs to retain the trolley bus power supply infrastructure and 
overhead really as high as assumed?

• Intuitively, difficult to see how scrapping trolleys which are emission 
free at the vehicle and have low emissions at electricity generation 
could lead to better environmental performance overall

• Is the trolley bus system really 
in as poor condition as 
concluded?



Background and current situation
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Wellington Public Transport Spine

The June 2013 Wellington Public 
Transport Spine study confirmed the 
route for the 9.5 kilometre public transport 
spine between Kilbirnie / Newtown and 
Wellington Railway Station.  

The study This concluded that a Bus 
Rapid Transit (BRT) system provided the 
highest BCR.

Wellington Cable Car commissioned 
SKM to undertake a brief study into the 
potential for trolley bus operation of the 
BRT, including comparisons with diesel 
buses.
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Trolley Bus Operation of BRT systems – international  experience

The SKM study identified significant trolley bus operated BRT systems:
• Quito, Ecuador . One of the city’s BRT lines is trolley bus operated but 

the other lines built subsequently are diesel operated

• Mérida, Venezuela. A 10 kilometre line, the first stage of a more 
extensive BRT system, opened in 2007

• Tehran, Iran:
6.9 km busway 
operated by trolley 
buses since 1992

• Proposal for a new 
trolley bus operated 
BRT line in Leeds, UK

Quito, Ecuador Photo Vancouver Observer
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Vehicle Cost comparison for modern articulated dies el (Euro V+) and trolley 
buses

• Energy cost for articulated BRT vehicles (2012 price levels):

• Diesel $0.47 per kilometre
• Trolley bus $0.30 per kilometre

• Diesel cost is expected to rise faster than electricity in Wellington

• Maintenance costs for diesel and trolley buses are expected to be broadly 
similar.

• Overhead catenary maintenance (excluding capital renewal) for the trolley bus 
operation was estimated at $37,000 per track kilometre per year, based on 
WCC figures

• Overall, trolley bus operation of the BRT system was estimated at 10% more 
than diesel bus operation

• This analysis did not assess power supply or overhead – a basic assumption 
was that existing arrangements and infrastructure would be adequate



Background and current situation
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Vehicle Cost comparison for articulated diesel and trolley buses

 Articulated Diesel Bus Articulated Trolley Bus 

Purchase Price per bus  (2012 prices) $700,000 $1 million 

Buses required (AECOM data) 40 40 

Total Purchase Price $28 million $40 million 

Payment period (operating life of bus) 18 years 24 years 

Residual (resale) value $35,000 $10,000 

Interest rate 7.5%pa 7.5%pa 

Annual payments for 40 bus fleet (2012 
prices) $2.92 million $3.64 million 
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Service delivery comparison: Euro V+ diesel and mod ern trolley buses

• When comparing similar vehicles of the same age, there is little evidence of 
differences in vehicle operating speeds

• Trolley buses typically have better acceleration profiles than diesel buses 

• Modern trolley buses are equipped with ancillary batteries enabling them to 
more easily bypass breakages in the overhead power supply than was the 
case in older trolley buses

• In the NZ environment, trolley buses have lower local and remote carbon 
emission than other jurisdictions

• They are quieter than diesel buses

• The overhead wiring and supports may be considered as a negative visual 
impact when compared with diesel bus operation



Background and current situation
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Service delivery comparison - diesel and trolley bus es in Wellington

• Trolley buses are around 10% slower on Route 3 – Karori / Lyall Bay 
(The Green Route)

Route 3 Summary Data - March to August 2012 and 201 3

Lyall Bay to Karori Karori - Lyall bay

Trips % Trolley
Average Travel Time 

(mins) Trips % Trolley
Average Travel Time 

(mins)
Trips tracked 2012 9,339 0% 50.69 7,988 0% 50.27
Trips tracked 2013 8,863 33% 51.45 7,885 36% 51.80
Difference 0.75 1.53

-1.49% -3.05%

2013 Breakdown Trips % 
Average Travel Time 

(mins) Trips % 
Average Travel Time 

(mins)
Trolley trips 2,943 33% 55.66 2,869 36% 55.27
Diesel trips 5,920 67% 49.35 5,016 64% 49.82
Difference -6.31 -5.45 
% quicker for diesels 11.33% 9.86%
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Service delivery comparison - diesel and trolley bus es



Background and current situation
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Service delivery comparison – diesel buses replacing  trolleys

• Analysis of requests for diesel buses to replace trolleys January 2012 to 
August 2013 provided to PwC showed replacement rates:

– Varied from 8% - 32% 
– Averaged 24.3% over the 20 months analysed
– Averaged 12.8% if Karori Tunnel excluded

• Causes recorded were:

– Karori Tunnel 200
– Road works 108
– Overhead maintenance 78
– Trolley bus mechanical 17
– Weather 14
– Street special event 6

• Fleet flexibility



Discussion 



Scope and issues – power related

18

• Overhead wiring:

• What condition is it really in?
• What is required to improve reliability?
• Could existing overhead cope with higher power demand from 

modern articulated trolley buses? 



Overhead related issues
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• Total overhead wiring covers 81.4 km, over 54.7 km of roads

• Annual overhead maintenance and capital upgrade costs have ranged 
$6 – $8 M, or $73 - $98 k / route km / annum currently  

• This appears high against preliminary benchmark figures (Yarra Trams)

• Wellington Cable Car Limited mapping (next slide) shows:

• 30.7 km of wiring (37.7%) has been replaced since 2008
• Current projects will replace a further 18.3 km (projects 1 + 2 are under 

construction and 3 - 5 are scheduled for 2015-2016)
• This totals 49.0 km or 60.2% of network

• Reliability is far superior on renewed sections, and ongoing maintenance 
much lower

• Following staged investment since 2008, the network is now in the best 
state is has been for 30 + years



Overhead related issues
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Overhead related issues
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• What is required to improve reliability?

• Continue rewiring and upgrade program
• Replacement of roadside poles and supports
• Current annual renewal expenditure $1.0 - $1.5 M probably 

adequate

• Could existing overhead cope with modern trolley bu ses?

• This would require voltage increase to 750 V from 550 V
• Current vehicles draw 200 A steady and up to 600 A upon starting 

fully laden on inclines – new trolley buses will draw more power

• Our conclusion is probably YES, subject to satisfactory check of 
insulation, assuming ongoing application of renewal expenditure 
and routine maintenance



Discussion 



Power supply related issues
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• The overhead network is supplied by 15 substations. The major 
components are:

• 15 converter transformers
• 19 mercury arc AC/DC rectifiers. 2 solid state rectifiers.
• 53 DC circuit breakers
• 53 km of buried DC cables



Power supply related issues – current equipment
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Typical 
Substation

Transformers Mercury Arc Rectifiers DC Circuit Breakers

DC Cables



Power supply related issues – current equipment
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New 
Rectifier

New 
Transformer

Transformers and rectifiers have been replaced in two substations 
the balance have not



Power supply related issues
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Power supply current issues:  underground supply cables, 
substations, DC rectifiers etc

• What is really required for upgrade and maintenance  to 
provide reliability and meet current safety and oth er 
standards?

• Wellington Electricity has estimated a total replacement cost of 
$52 M, not including return on capital

• If the system is to continue operating reliably a staged 
replacement of assets is required

• Failure is very difficult to predict – could last 20 years, could fail 
tomorrow



Power supply related issues
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Power supply current issues:  underground supply cables, 
substations, DC rectifiers etc

• Is system overloaded?

• YES - Regular tripping / overloading is occurring

• Other issues:

• Lack of personnel skills and knowledge with such old equipment

• No spares: failure = no supply for weeks

• Earth fault protection on the system is being installed by WCCL, 
but not integrated with WE equipment  

• $250 k per cabinet to upgrade protection – there are 50 (ie $12 m)  
WCCL budget $5 m for this



Power supply related issues
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• Could power supply system cope with increasing volt age to 
trolley buses to 750 V?

• UNLIKELY – this is a risky proposition for cables - it increases stresses on 
cables and reduces life expectancy

• Essential to replace transformers and rectifiers

• Underground cable would almost certainly have to be replaced



Discussion 



Vehicle related issues – trolley buses
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What is the age of the current trolley bus fleet an d what is its life 
expectancy?

• The trolley buses are ‘refreshed’ 1980s vehicles with new Designline bodies 
fitted in 2007-08

• Conflicting information about history and what was done when

• Running gear, electrical and control equipment mostly dates from the 1980s, 
but some has been replaced over time

• The low floor three axle chassis appear to date from 2007-08

• Some electrical and running gear is around 30 years old; other parts are newer

• The passenger compartments are around 6-7 years old

• np



Vehicle related issues – trolley buses
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• What is the age of the current trolley bus fleet an d what is its life 
expectancy?

• New trolley buses typically have a life expectancy of 25-30 years

• Remaining economic life is about the ratio of reliability, availability and 
maintenance costs, with a bit of comfort consideration

• At some point, the conclusion is that something is costing so much to 
repair, is always breaking down and is so rarely available to use that it 
isn’t worth spending any more money and time on

• Our conclusion is that the remaining life of the trolley bus fleet is likely 
to be in the range 5 – 10 years , with mechanical and electrical failure 
leading to poor reliability, high maintenance costs and low availability 
the key issues

• Further upgrades to the existing vehicles is unlikely to be cost 
effective, nor deliver a reliable ongoing solution consistent with 
modern standards



Vehicle related issues – trolley buses
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• Is it correct to say that trolley systems are decli ning worldwide?

• Probably YES, but

• It’s hard to be definitive.  The hard evidence we 
have been able to find identified:

– 321 trolley bus systems in 315 cities
– Of these, 127 (39.6%) were still operating, the 

balance had closed
– Majority in Eastern Europe 
– In the last 20 years we found: 

• 19 trolley bus systems reported as opening
• 72 closing
• Of those opening, 4 also closed

– UITP states 40,000 trolley buses in 370 systems, but without supporting 
evidence

– Wikipedia suggests around 300 systems currently, with 800 at various times

• Wellington remains the sole survivor of Australasian trolley systems, including 
Adelaide, Auckland, Brisbane, Christchurch, Dunedin, Hobart, Launceston, New 
Plymouth, Perth and Wellington

Khimki, Russia  Photo commons.wikimedia



Scope and issues – vehicle and fuelling
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• Is it correct to say that trolley systems are decli ning around the 
world?

• The key issues driving the withdrawal of trolleybus routes have been:

• Change in power supply arrangements (eg in the UK tram and trolleybus systems 
were developed by local authorities who also owned the electricity supply 
network. When the ownership of the power supply systems transferred to the 
National Grid, the cost of power supply increased and the municipal operators 
switched from electric traction to diesel power)

• Demographic change – urban sprawl and the collapse of old industries. It was 
more difficult to respond to these changes with trolley buses rather than diesel 
buses because the patronage on individual routes was too low to justify the 
provision of the infrastructure.

• Traffic management measures such as one way systems require either the 
relocation of the overhead wiring or contra-flow trolley bus lanes (the contra-flow 
lanes are not necessarily a bad public transport outcome, but may be a poor 
traffic solution). 

• The inability to fit pantographs to trolley buses is a constraint on their reliability, 
affecting overhead damage enormously



Scope and issues – vehicle and fuelling
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• Is it correct to say that trolley systems are decli ning around the 
world?

• Where trolley bus systems have been retained, it has often been on core routes with high 
service frequencies and short distances between stops. These are typically established 
corridors through high density residential and commercial centres. Car ownership in 
these corridors will be lower than elsewhere in the urban area (but this maybe because 
of the existence of the high frequency public transport service).  For example, many 
surviving trolleybus routes link – among other things – student residential areas and 
education campuses.

• Where new trolleybus routes have been introduced they have typically been:

• On high frequency spine corridors (usually as Bus Rapid Transit systems)

• As a means to regulate public transport service delivery – this is a factor driving the 
NGT proposal in Leeds, UK

• To reduce the impact of diesel vehicle exhaust fumes in congested urban areas (eg 
Bogota, Colombia and Merida, Venezuela)

• Encouraged by foreign aid and international politics – so the South American systems 
are based on European trolley bus manufacturers rather than light rail systems 
promoted by manufacturers in the USA



Scope and issues – vehicle and fuelling
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Diesel
• Are modern diesels in practice no cleaner than older models?
• Will diesel engines be able to meet post 2020 Euro standards?

Diesel electric hybrids
• Are diesel hybrids cost effective?  Do they save enough fuel to 

offset greater capital and battery replacement costs?
Battery electric buses

• Are battery electric buses 40% heavier and thus able to carry fewer 
passengers?  Does their range limit them to single shift 
operations?

• What are the capital costs for charging infrastructure?
Other fuelling 



Vehicle related issues - diesel

36

• Are modern diesels in practice no cleaner than olde r models?

• We can find no hard evidence supporting this

• Reductions in emissions allowed Euro I – Euro VI (1992- 2013, heavy vehicles, 
steady state testing) are:
– CO: 66.7%  Carbon monoxide
– HC: 88.2% Hydro carbons
– NOx: 95.0% Oxides of nitrogen
– PM: 98.4% Particulate Matter 

• Transient testing was introduced from Euro III in 2001 with reductions required:
– CO: 27%
– NMHC: 79% Non methane hydrocarbons
– CH4: 69% Methane
– PM: 94% 

• Emission durability requirements were introduced with Euro IV in 2005
• There is a Boris Johnson article in The Telegraph 6 April 2014 saying this, but without supporting 

evidence
• We found a 2006 report claiming that NOx emissions in real world conditions were much worse than 

those achieved in testing – issues raised addressed in Euro V standards 
http://www.transportenvironment.org/sites/default/files//docs/Bulletin/2006/2006-02_bulletin146_web.pdf



Vehicle related issues
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• Do later Euro specification compliant engines use m ore 
fuel?

• YES – particularly the first models meeting the new specification may use 5 –
10% more

• But this reduces over time as more experience is gained by manufacturers on 
how to more effectively meet the requirements

• When considered in the context of “are newer Euro engines in practice no 
cleaner than older ones?”, the size of increased fuel usage is not enough to 
offset the gains from the very much lower emission standards of later Euro 
standards

• Later Euro V + that require AdBlue for Selective Catalytic Reduction (SCR) 
increase operating costs – by about 4% of fuel cost



Vehicle related issues - diesel
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• Will diesels meet post 2020 Euro standards?

• Hard to say when these standards have not been fina lised, 
much less published – due in 2015 see  
http://ec.europa.eu/clima/policies/transport/vehicles/index_en.htm

• EU is working on a comprehensive heavy vehicle  CO 2 
reduction strategy

• The standard is likely to be in the form of maximum CO2 per 
kilometre over whole fleet, as now in place for light vehicles

• Has EC ever deferred an implementation or changed standards 
due to concern too many would fail?
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• Are diesel hybrids cost effective?  Do they save en ough fuel to 
offset battery replacement costs?

• Early examples – NO
• Newer examples (last 2 – 3 years) – YES
• Consistent advice is that Original Equipment Manufacturer sourced 

hybrid models (OEM) are the only ones to consider – Volvo, Scania, 
Mercedes – several thousand in use from each worldwide

• This means one manufacturer is responsible for all aspects –
driveline, electrical storage, diesel engine, coachwork and ancillary 
functions

• Capital costs: understand marginally more expensive than diesels
• Fuel (and emissions) savings typically 30 – 40%

– Savings only with stop start city operation – they perform worse on 
highway

– Wellington should be a good candidate, as more energy will be lost 
through braking heat due to terrain



Vehicle related issues – diesel electric hybrids
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• Are diesel hybrids cost effective?  Do they save en ough 
fuel to offset battery replacement costs?

• Battery replacement interval typically 5 – 7 years provided they 
survive the first 12 months  

• Typical cost $5,000 for battery (ie $500 / kWh for 4.5 – 5.0 kWh 
battery)

• Biggest issues have been:
– Reliability / availability
– Maintenance costs, particularly due to:

� Incompatibilities between equipment from various suppliers
� Proprietary equipment providers refusing to provide diagnostic 

equipment enabling bus companies to do their own 
maintenance

• Underlines OEM recommendation



Vehicle related issues – battery electric 
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• Are battery electric vehicles 40% heavier and thus able to 
carry fewer passengers? 

• NO:  but they are typically 20 – 25% heavier
• The impact on maximum passenger carrying capacity will depend 

on bus tare mass 
and GVM limit

• Most battery 
electric buses 
to date have been 
mid size ~ 35 
seaters – like 
Adelaide’s Tindo

Adelaide’s Tindo solar electric bus  photo www.adelaidecitycouncil.com
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• Are battery electric vehicles heavier and thus able  to carry 
fewer passengers? 

• YES – with current battery weights and GVM limits

• Typical tare weights for 12 m 65 - 70 person capacity diesel buses 
are 10 - 12 t

• Batteries typically weigh around 2.5 t for 300 kWh required for 200 
km range, so

• Battery buses will be 12.5 - 14.5 t, or 25% - 21% heavier
• Assuming GVM for NZ two axle bus with tandem rear tyres is 16 t, 

max passenger numbers or 54 at best, and 23 at worst
• Assuming current limit is 65 people, reduction could be between 11 

and 42 people 
• Potentially quite substantial impacts on passenger carrying 

capacity
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• Does their range limit them to single shift operati ons?

• Without recharging en route, battery swap or very fast 
recharging, YES

• Very fast recharging can be 
associated with premature 
battery failure if selected 
batteries cannot cope

• Capital costs closely guarded

• TOSA en route charging electric 
bus Geneva

TOSA in Geneva recharging. Photo: insideevs.com
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• Electric bus capital costs 

• Electric buses have been 2 – 5 times purchase price of diesels

• Battery life typically 5 – 7 years and $150,000 to replace

• Charging infrastructure capital cost highly dependent on how many 
buses are to be charged and the speed of charging:  the biggest cost is 
getting several MW of power to the depot – which is highly location 
specific but also reflect network impacts – which could run into 
$1 – 2 M pa, plus energy costs

• Individual ‘power points’ are $500 - $1,000 each depending on quantity 
and specification

• There is a trade off between speed of charging and how many 
vehicles need to be charged at once
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• Can existing trolley bus infrastructure be used to power a 
new battery electric bus system?

• HIGHLY UNLIKELY

• Inability to cope with power demand and short time available for 
charging at stops

• Technically doubtful
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• CNG:

• Substantial fleet experience in Perth and Brisbane 
• Comparable capital and operating costs
• Gas availability at depot?
• Challenges with fires – particularly Mercedes  

• Hydrogen fuel cell:

• Initial trial vehicles have had very expensive capital and 
operating costs

• PTA Perth spent $10 M on three vehicles



Discussion
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