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Abstract

This paper aims to share the first experiences and results from the operation of fuel cell buses in Stockholm within the Clean Urban
Transport for Europe (CUTE) project. The project encompasses implementation and evaluation of both a hydrogen fuel infrastructure anc
fuel cell vehicles in nine participating European cities. In total, 27 fuel cell buses, 3 in each city, are in revenue service for a period of 2
years.

The availability of the fuel cell buses has been better than expected, about 85% and initially high fuel consumption has been reduced tc
approximately 2.2 kg W10 km corresponding to 7.51 diesel equivalents/10 km. Although no major breakdowns have occurred so far, a few
cold climate-related issues did arise during the winter months in Stockholm.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. The CUTE project

Public transit buses are widely viewed as one of the most  The project Clean Urban Transport for Europe (CUTE)
viable strategies for commercialising fuel cells for vehicles is a demonstration and test of 27 fuel cell buses in pub-
and transitioning to a hydrogen economy. Some of the ad- lic transit operation in nine participating cities. These cities
vantages with the use of transit buses as fuel cell platformsare Madrid and Barcelona (Spain), Porto (Portugal), Luxem-
are that they have well-defined duty cycles, centralised fuel bourg, London (UK), Amsterdam (the Netherlands), Ham-
and maintenance infrastructure. Buses also allow more spacdurg and Stuttgart (Germany) and Stockholm (Sweden) (see
for propulsion system and fuel storage packaging than for Fig. 1).
example passenger cars. They also have high utilisation rate. The CUTE project is the world’s first large demonstration
Furthermore as buses are highly visible in the community, project in terms of number of vehicles, partners and cities in-
fuel cell technology is provided a good showcase for the volved. It is also unique in that it includes development, im-
public. Therefore, governments in Europe, North and South plementation, operation and evaluation of fuel infrastructure
Americas and Asia are supporting a number of fuel cell bus and operation and evaluation of fleets of vehicles in revenue
demonstration projects, 65 fuel cell buses were in operationservice in all the participating cities. The project is finan-
in year 200d1]. cially supported by the European Commission, the member

cities and their local partners. The goal is to demonstrate the
mpondmg author. Tel.: +46 8 790 6526. fea;ibility of the fuel cell technology in transportation appli—

E-mail addresseskahn@kth.se (K. Haraldsson), alvfors@kth.se cations and to collect the lessons learned from the project to
(P. Alvfors). form a basis for decision-makers in industry and administra-
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Fig. 1. Map of the CUTE project partner cities and the sister projects ECTOS in Reyjavik, Iceland and STEP in Perth, Western[lustralia

tions in future urban transportation projects and investments. other sister project, also with DaimlerChrysler fuel cell buses,
Another aspect of the CUTE project is that of educating the is upcoming in Beijing (China) buses in the near-term fu-
public about the fuel cell technology. An increased awarenessture. More information on the CUTE project can be found in
of fuel safety and environmental benefit is critical to fuel cell [4,5].
bus success. This paper focuses mainly on the results and experiences
The CUTE project started in November 2001 and will from the operation of the fuel cell buses in Stockholm during
continue through April 2006. During the first phase of the the first months of operation.
project, and prior to the arrival of the fuel cell buses, novel
fuel infrastructures including hydrogen production, distribu-
tion and refuelling stations were developed and implemented2.1. CUTE WP4 climate evaluation of bus performance
in each city. The fuel infrastructure in each city is adapted to
the local conditions, e.g., hydrogen production mode, budget  Stockholm has been assigned the analysis of the impact
situation, safety regulations. In addition, especially designed of climate on fuel cell bus performance in different climate
work shops for service of the fuel cell buses were builtin each regions. Stockholm has three main partners in this work pack-
city. During the second project phase, the evaluation phase,age number 4 (WP4); Porto, Barcelona and London. The goal
each city tests its three fuel cell buses during a period of 2 of WP 4 is to analyse the current performance and potential of
years. All buses were delivered during 2003 and hence thethe fuel cell propulsion system on a local climate basis. In the
fuel cell bus tests will continue until the end of year 2005. project, data of various sources is collected from mainly the
Data and experiences from both the fuel infrastructure and specified partner cities. The information and data come from
the bus operation are collected continuously. The gatheredevaluation questionnaires and protocols for drivers and bus
data is to be analysed with respect to the parameters such asperator technical staff, and from GPS devices and on-board
hydrogen production performance, maintenance and safetydata logging system.
life cycle analysis, dissemination and fuel cell bus operation, = The CUTE project encompasses regions with widely vary-
bus performance and maintenance. Most of the various anal-ing local climate conditions due to region and season (see
yses are performed in a number of work packages within the Fig. 2). The regions ranges from rather warm and humid
CUTE project. areas of Porto, Portugal and Barcelona, Spain with the ex-
The coordinator of the project is DaimlerChrysler. The ception of Madrid, Spain, which is situated on a warm and
company is also per its subsidiary EvoBus the fuel cell bus dry high-altitude plateau to the highly humid but more mod-
provider of the CUTE project and of CUTE's sister projects, erate temperatures of London, UK and Stockholm, Sweden.
the Ecological City Transport System (ECTOS) project in The figures also include Reykjavik, Iceland, of the ECTOS
Reykjavik (Iceland)[2] and the Sustainable Transport En- project, which has about the same conditions in terms of aver-
ergy Program (STEP) project in Perth (Australjd). An- age wind speed as London but has lower average temperature.
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Fig. 2. The average ambient temperature of the time period January—July 2004, in selected cities within the CUTE and ECTOS (Reykjavik) projects.

3. The fuel cell bus— a description

Typically, pure hydrogen-powered fuel cells exhibit high-
energy conversion efficiency at full load operation. Further-

The Mercedes-Benz Citaro fuel cell buses are equippedmore, in contrast to a diesel engine, the fuel cell shows high

with a HY-205 P5-1 fuel cell engine developed by Ballard

efficiency at idle and part load operation. Since the vehi-

Power Systems, Canada. The fuel cell engine consists of acle propulsion power demand of urban vehicles is usually

fuel cell system, based on Ballard’s Mk9 generation fuel cell
stacks, that supplies power to a central electric motor with
a maximum power of 205 kW (sdeig. 3andTable ). The

at 10-20% of the maximum load, fuel cell buses should be
well-suited for revenue service, economising on fuel in all
the “stop-and-go” situations that normally are encountered

buses use compressed hydrogen as fuel, stored in Dynetelin urban traffic. Hence, the fuel consumption in diesel equiv-

high-pressure cylinders mounted on the roof of the vehi-
cle. The total hydrogen storage capacity is 40 kg at’(@5
350bar) providing a bus operation range of about 200 km

[4].

Table 1
Characteristics of the fuel cell buses in the Stockholm CUTE project accord-
ing to the Swedish vehicle registration certificiag

Vehicle Description
Dimensions i x Wx H) (m) 11.95x 2.55x 3.69
Gross weight (kg) 18,000
Curb weight (kg) 13,890
Maximum frontal axle load (kg) 7245
Maximum rear axle load (kg) 11,500
No. of passengers: maximum 57
No. of passengers: seated 32
Maximum speed (kmtt) 80 (limited)
Driveline
Fuel cell system (kW) >250 (2 stacks of 150 kW
gross each)
Central electric motor (kW) 205

Hydrogen storage
Total capacity (I)
Maximum pressure per cylinder (bar)

1845 (9 cylinders)
350

The figures may differ from those in other CUTE cities.

alents of a fuel cell bus is expected to be 30% lower than that
of a standard diesel bus of similar siz&8]. It is important

to point out, however, that the buses in the CUTE project
are small series vehicles and low fuel consumption was not
the main goal of the vehicle design. Instead, reliability and
robustness, maintainability and cost were the major design
objectives of the fuel cell buses in order to learn as much as
possible about the behaviour of fuel cells under real life con-
ditions. As a consequence, the fuel cell version of the Citaro
is over 2000 kg heavier than the diesel verd@h Also, the

fuel cell engine (including hydrogen storage) and the elec-
tric driveline are basically the only new components in an
otherwise standard diesel platform. Furthermore, this design
uses a single, central, electric motor that powers both a con-
ventional automatic gearbox from ZF and the bus accessories
that normally are powered by a diesel engine. The bus acces-
sories, the air compressor in the fuel cell system and some
pumps for the fuel cell engine are driven mechanically by an
especially constructed gear case on the rear end side of the
electric motor. The alternators and the air conditioning (A/C)
compressor are belt-driven with the gear case with a con-
sequent slightly higher efficiency loss than the other acces-
sories. The fact that most components in the bus are powered
through mechanical power rather than electric power leads
to inherent efficiency losses and does not really reflect the
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Fig. 3. Schematic overview of the electric driveline of the Mercedes-Benz Citaro fuel cell buses in the CUTE project, Hdse@BoR, balance of plant
components).

full potential of an electric driveline using fuel cells and/or months, in total. This was mainly due to lack of already exist-
batteries. ing hydrogen regulations on permit application procedures,
a common problem also experienced by many other CUTE
cities. Hence, a unifying European legislation on hydrogen
4. Stockholm facilities and hydrogen vehicles, would be beneficial. Instead,
and again like many other CUTE cities, regulations for nat-
The Stockholm CUTE project involves eight partners. ural gas were used and somewhat adapted to the new fuel.
These partners are Stockholm Public Transport (SL), the Another complicating factor specific for Stockholm was that
project co-ordinator City of Stockholm, the bus operator Bus- the hydrogen production and storage facilities and refuelling
slink, the energy and gas distributor Fortum and the WP 4 station were located on land owned by the City of Stockholm,
group at the Royal Institute of Technology (KTH). Financial rented by the bus operator. Negotiations with the parties lead
support is given by the European Commission, the Swedishto changes of the building plan of that area and a time-limited
Energy Agency, the Swedish Agency for Innovation Systems permit to use the land was granted. With the lessons learned in

(VINNOVA) and the air compressor supplier Opcon AB. this particular case, the next time a hydrogen project is to be
_ launched in Stockholm, or elsewhere in Sweden, at least the
4.1. Hydrogen infrastructure permit procedure will be known and likely to be significantly

_ _ less costly and time consuming.
Hydrogen is produced and stored on-site on the same lo-

cation as the refuelling station and the bus workshop, at a

bus depot on the island ob8ermalm in central Stockholm. 5. Tests

The hydrogen is produced from electrolysis of water, using

electricity produced by certified green power (hydropower  Tests have been performed in Stockholm in order to obtain

and wind power). The electrolyser, provided by Stuart En- fuel consumption and bus auxiliary system data of different

ergy Systems, Canada, has a designed capacity of 60 N m bus power train systems including Mercedes-Benz Citaro fuel

Ho/h with a power consumption of about 4.8 kW. Fortum cell and diesel buses during differentlocal climate conditions.

is responsible for the entire hydrogen refuelling station in So far, the tests have been performed in two periods, in July

Stockholm. and September 2004, for two reasons. Firstly, the buses were
The major events in the process for the different hydro- firstused on ademonstration route with few passengers. Once

gen facility applications, e.g., workshop, hydrogen storage, the buses started to operate on a regular bus route, in the end

hydrogen production and refuelling station, are displayed of August, the passenger load has increased considerably.

in Fig. 4 [10] The process for permits was rather long, 18 Hence, both routes need to be tested in more details in order
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Fig. 4. The permit procedure in the Stockholm CUTE project, basdd@n

to explain fuel consumption and other performance numbers.in test protocols. Detailed information of the fuel cell system
Secondly, seasonal changes may have an impact on the perand its auxiliary system is monitored and collected via pro-
formance. Therefore, tests will also be performed during the prietary data acquisition system on the fuel cell buses and was
winter months in Stockholm and in other cities as well. provided for the test periods by Ballard and DaimlerChrysler.
There are two aspects of the tests, a fuel consumption Weather data for Stockholm was provided by the Swedish
comparison between fuel cell and diesel buses and a moreMeterological and Hydrological Institute (SMHI). The dis-
specific analysis of the fuel consumption and other fuel cell tribution of minimum and maximum temperatures in Stock-
system parameters of fuel cell buses on a second by secondholm during the first months of bus operation is shown in
basis in a logged duty cycle. Fig. 5. It should be noted that subzero temperatures still oc-
curred in April.

5.1. Data acquisition

In order to define the power requirements of the fuel cell 6. Duty cycles
buses, the duty cycle profile data, e.g., parameters such as
speed and altitude versus time, was to be collected. For mea$6.1. The demonstration route: the water route
surements of speed and altitude of the buses, Global Position{“Vattenlinjen”)
ing Systems (GPS), Garmin GPSmap 76CS, were purchased.
These GPS devices are equipped with built-in barometrical-  The first 8 months of operation, January to mid-August
titude meter, monitoring the altitude by the measuring the 2004, were designated to evaluate whether the fuel cell buses
ambient air pressure. The uncertainties in the measurementsvere reliable enough to be used in normal public transit op-
of altitude are estimated to be3 m. Antennas for the GPS eration or not. Therefore, a demonstration route passing the
devices were attached to the exterior of the buses, on the fron{City Hall (Stadshuset) in central Stockholm was established
end of the destination sign module, in order to facilitate and (seeFig. 6). The number of passengers on this route was
secure a good data acquisition. During the test periods, oneunfortunately rather low, in average 10 passengers per loop.
appointed instructor was on-board the bus to help out and The characteristics of the 5km long demonstration route
instruct the bus drivers, monitor and record GPS data and fill are displayed ifrigs. 7 and 8The fairly low maximum speed
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Fig. 5. The minimum and maximum temperatures in Stockholm during the time period January—July 2004.
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Fig. 6. Left: the demonstration route in central Stockholm that was used the first 8 months of operation of the CUTE fuel cell buses. Right: tabieafith som
the characteristics of the demonstration route.

of 39 km hr! and average speed of 9 kmhare normalnum-  ation of the fuel cell buses in January 2004. At that time,
bers for inner city bus routes in Stockholm. The 12 bus stops there was an excessive fuel consumption of 3.8 ki Bikm,
and the duration at each stop (black marks) can also be seegorresponding to almost 13 | DE/10 km (data is based on cal-
in the figure. The idling time at each bus stop is displayed in culations on total travelled distance and refuelled amount of
Fig. 7: all other stops are caused by the traffic situation. The hydrogen). The high fuel consumption figure is thought to be
speed distribution diagrarfjg. 8 shows that the total idling  attributed to the drivers then not fully comfortable or trusting
time represents roughly 30% of the duty cycle time. with the buses and the fuel cell bus concept. They tended to
keep the buses idling for much longer time than needed and
did not shut the engine off at scheduled breaks during a duty

7. Results cycle shift fearing thatthe bus would not start if they did. Once
they started to feel more comfortable with the new technique
7.1. The demonstration route and more confident that the bus was not much different than

a conventional diesel bus, the excess idling stopped and the

For the demonstration cycle, the fuel consumption in practice of turning the engine off at scheduled breaks was re-
July 2004 in the duty cycle shown iRigs. 7 and 8was instated, with the positive consequence of a significant drop
about 2.4kg H/10km, corresponding to 81 diesel equiv- in fuel consumption. To some extent, the initially very high
alents (DE)/10 km. The average fuel consumption of eight fuel consumption was also due to the low temperatures of
similar duty cycles for that specific day was slightly lower, the months of January and February requiring longer start-up
2.2 Hp/10 km, corresponding to 7.5 | DE/10 km (data for this times, e.g., for heating the bus cabin.
day comes from on-board measurements). The fuel consump-  In Fig. 9, the power distribution of the fuel cell bus over
tion figures were much higher in the beginning of the oper- the demonstration route is shown. The power is divided be-
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Fig. 7. The characteristics of a typical drive cycle on the demonstration route.

tween the hydrogen inlet power (based on the lower heating As the fuel cell system is operated in a rather low power
value (LHV) of hydrogen), fuel cell electric power output interval (seeFig. 9), the fuel cell stack efficiency is rather
and the driveline motor power as well as the dump resis- high, over 65% (based on LHV for hydrogen), for power
tor power. The fuel cell power is generally within the in- outputs lower than 40 kW. Hence, it is the fuel cell propul-
terval of 20—40 kW with only a few outbursts of 100kW or sion system that reduces the overall fuel cell efficiency and
more at power demanding events such as accelerations. Ithat needs further improvements in the integration of system
can be noted that the dump resistor power is between 20components. One way to comprehend the efficiencies of the
and 30kW as much as 10% of the time. This implies that different system components and the impact of these on the
there is a big potential for improvements in the power control fuel consumption of the fuel cell buses is to use a Sankey

strategy. diagram (seé-ig. 10. The numbers in this figure are based
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Fig. 8. Speed distribution diagram for a typical operation on the demonstration route, with the fraction of duty cycle timg-axishend different speed
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Fig. 9. The power distribution as fraction of the total duty cycle time for a typical operation on the demonstration route.

on LHV of hydrogen and average power consumption values as heat into the cooling system, the overall efficiency of the
over the demonstration route (pleasekige 3for reference). propulsion system may be improved. Improved fuel delivery
The fuel cell stacks produces electricity with a heat loss of components would resolve the turndown problem. Hence, by
37%. While the losses in the dc/ac (inverter) and electric mo- controlling the power from the fuel cell more efficiently, 20%
tor add up to 6%, the bus accessories including pumps andof hydrogen would be saved.
air compressor contribute with 23%. Here, the air compres-  Another approach could be to use a hybrid design for the
sor power demand is the main parasitic loss and uses somalriveline, allowing a battery or other energy storage device to
15% of the total fuel cell power output. Taking the losses power assist at accelerations and to recover the brake energy.
into account, the remainder power available to the traction Still, any alterations to the driveline risks causing additional
including gearbox, etc. is about 23% of the fuel input energy. complexity, weight and cost. Furthermore, although efficient,
In comparison, tests of a hybrid electric fuel cell bus resulted hybrid drivelines for heavy-duty vehicles of today, are not yet
in a significantly higher part of the energy input (i.e., fuel), provento berobust. Hence, there is a trade-off between a high
43% available for tractiof8]. efficiency and low fuel consumption on one side and robust-
In general, changing the design of the fuel cell module ness and ease of maintenance on the other side. In addition,
balance of plant and/or implementing a hybrid driveline de- one of the project’s goals is to demonstrate thasibility
sign will improve the efficiency of the driveline of the fuel of the fuel cell technology and to increase the awareness of
cell buses. For instance, by replacing the central motor with the technology of the public. It does not serve this goal of
a number of smaller electric motors and dc/dc power condi- the project if the buses appear to be in the workshop for ser-
tioners, the losses connected to the gearbox and belt-drive ovice very often. As will be shown in the maintenance and
the fuel cell compressor and bus accessories may be reducedther sections further on in the paper, the cautious approach
Today, many components run continuously even when theyfor robust design of the fuel cell driveline seems to have
are notin use and therefore cause unnecessary fuel consumpworked out well and people is positive towards the fuel cell
tion. In addition, the turn-down ratio for the fuel cell current buses.
(i.e., fuel cell power) is limited by the fuel delivery technolo-
gies available at the time of design. The minimum current 7.2. Comparison of fuel consumption for fuel cell and
drawn from the fuel cell system is higher than the minimum diesel buses
load for the accessories. As a consequence, excess power is
dumped to a resistor. As much as 8 kW of electricity in av- A preliminary comparison of the average fuel consump-
erage was rejected as heat from the fuel cell system via thetion between a fuel cell bus and diesel bus, both Mercedes-
dump resistor during the tests on the demonstration route.Benz Citaro buses of similar sizes, was performed on the bus
If the excess power of the fuel cell system could be used route 66 in Stockholm in September 2004. The Citaro diesel
within the system, e.g., charging an energy storage device,buses are equipped with Euro 3 (205 kW) engines and the
instead of being simply dumped into a resistor and dissipate curb weight is approximately 2000 kg lower than for the fuel
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Fig. 10. Sankey diagram for a typical operation on the demonstration route.

cell bus version. The operation on the bus route 66 differs or 8.5 DE/10 kni. In comparison, ethanol-fuelled buses fre-
from the operation on the demonstration route by two means. quently in revenue service in Stockholm consume about 10.4 |
Firstly, this is a well established, and commuter dense bus of ethanol per 10 km or 5.8 | DE/10 km. Further investigations
route in central Stockholm. Secondly, the bus route 66 is on bus performance on this bus route are scheduled during
quite hilly, why the difference between the maximum and Fall 2004 and Spring 2005.
minimum altitude is rather high, about 40 m.

The buses were operated during similar conditions in par- 7.3, Maintenance during Spring 2004
allel during 3 days on the route while the fuel consumption
were monitored and recorded. The drivers that usually drive  Fig. 11shows the categories of the maintenance and ser-
the fuel cell buses drove both buses. They were all instructedvice of the fuel cell buses during Spring 2004 in Stockholm.
to use similar driving patterns on both types of buses. The The fuel cell propulsion system, which here is defined as
fuel consumption was measured in terms of travelled distanceincluding fuel cell system auxiliary system and other fuel
and refuelled amount of fuel over a whole day rather than in cell driveline specific components but excluding the fuel cell
an individual duty cycle, hence only a rough estimation can stack modules, dominates the overall service of the buses. In
be provided from these data. The diesel bus consumed abouparallel to the operation and regular maintenance, the fuel
5.71/20 km, which is in the range of other buses in Stockholm
public transit operation. The fuel consumption of the fuel cell 1 The calculations are based on the assumptions: diesel: density,
bus was higher than that of the diesel bus, 2.5kg H2/10 km 0.833kg%; LHV, 42.5 MJ kgt and H:LHV, 120 MI kg2
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Fig. 11. An overview of the overall fuel cell bus maintenance issues during January through July 2004.

cell propulsion system and other systems were continuousMay 2004 with additional insulation and re-routed heating
upgraded and constitute half of all service. Failures of the line. In addition, after a cold night, issues with insufficient
fuel cell propulsion corresponded to about one-fourth of all stack heating or too low start battery voltage for a proper
service. The maintenance time, including both repair and up- start-up could arise, the latter a problem that seems to have
grades, was initially higher averaging for all the buses of 32 h, occurred in other CUTE cities during wintertime as well.
or between 24 and 40 h per bus and month. It took 2 months Some pressure sensors could also show some sensitivity to
forthe service of the fuel cell buses to stabilise and a routine to humid weather, i.e., wet snow. These cold climate-related
be established. As the upgrade processes have proceeded, afglures occurred only in January and February, months with
the experience of the technical staff has increased, the staff isemperature minima well below“@. Measures have been
more able to identify and prevent up-coming problems. Con- taken for these problems and the problems did not re-occur
sequently, the number of failures of different systems in the despite the occurrence of subzero temperatures in March and
buses has been reduced. April. Overall, the approach for the robust design seems to
The fuel cell buses are parked outdoors at the bus depotbe rewarded. So far, the fuel cell buses have not had any
during the night. At wintertime, an electric heater provides major breakdowns and the number of road calls is only
heat in order to keep the buses at fuel cell system temper-three.
ature above freezing (the recommended minimum temper-
ature for the fuel cell system is *& [4]). However, any 7.4. Availability
issues with the fuel cell buses in Stockholm have occurred
in the auxiliary systems and electronics rather than in the  The availability is here defined as the percentage of
fuel cell stacks and these issues were mainly due to techni-planned bus operation was accomplished. The overall avail-
cal limitations of the equipment or humidity condensation ability for the buses during Spring 2004 was good, about 70%
rather than cold climate-induced problems. However, low initially and increasing to an average of 85% during the sum-
temperature related maintenance issues did occur at startmer months (se€ig. 19. Also shown in the figure is the bus
ups during the cold winter months and accounted for almost operation time per month. The amount of time the buses were
9% of all fuel cell propulsion failures. At a few occasions, it in regular transit operation was in average 300 h per month
was evident that the heat provided by the electric heater thatand totalled at the end of July to more than 2000 h. The rea-
was plugged in during cold winter nights was not enough sons for the initial variation in availability were several. Fail-
to keep some parts of the fuel cell system from freezing ures of the fuel cell propulsion or other systems that requires
(pipes and water tanks). Ballard solved these problems inreplacement of non-standard components sometimes caused
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Fig. 12. The number of hours of bus operation and the availability (% of planned bus operation) during January—July 2004.

reduced availability. Lack of spare parts and some times evenidled the buses instead of turning the buses off at scheduled
lack of drivers could also cause cancellation of the fuel cell breaks in the duty cycle.

bus operation.

A 3-day survey of a total of 518 passengers using the fuel

The monthly distance and the accumulated distance arecell buses on bus route 66 for commuting during September
displayed inFig. 13 During the Spring 2004, the fuel cell
buses have operated in about 3000 km per month. The accuexperience and acceptance of fuel cell and hydrogen technol-

mulated distance was at the end of July 24,531 km.

7.5. Impressions and experiences of the fuel cell buses

was performed in order to investigate the passenger’s overall

ogy. In the survey, the majority (77%) knew about the CUTE
fuel cell bus project with the most common sources of infor-
mation being newspapers and bus stops 8gel4). Most
passengers regarded the buses as more quiet and comfortable

The bus drivers have shown a very positive attitude to- than ordinary transit buses. Regarding the fuel cell technol-
wards the fuel cell buses, although a few of theminitially felt ©9Y in the bus, a majority of the passengers (74%) felt that
some doubts about the reliability of the buses and thereforethe technology was safe and 43% of the passengers wanted
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Fig. 13. The total distance per month (i.e., for all three fuel cell buses) on thedeft and the accumulated distance for all three buses during the time period

of January—July 2004.



K. Haraldsson et al. / Journal of Power Sources 145 (2005) 620-631 631

Internet :] 3%
Other source 7 | 19%
TV/radio _ |21%
Bus stops _ | 26%
News papers 55%

Fig. 14. Information sources of the fuel cell bus project, from survey in Stockholm.

to learn more about fuel cell and hydrogen technology. The jor breakdown of the buses and the availability of the buses
only negative, and perhaps not all too surprising, resultin this in Stockholm was high, over 70% in average. This is also
overall very positive survey was about the question of paying shown in the positive attitudes towards the fuel cell buses of
a higher ticket price to promote more fuel cell buses in tran- both bus drivers and the public.
sit operation. The commuters were clearly more interested Cold climate impact on the fuel cell bus operation was
in timeliness and frequency of the buses than any potentialindicated by a higher value of the fuel consumption during the
environmentally beneficial impact of the buses. winter months. It was however not a clear indicator as other
factors such as bus driver behaviour also had an impact. On
the maintenance side of the bus operation, cold climate caused
about 9% of all fuel cell propulsion system related failures.
After proper measures, the problems did not re-occur.

Tests and evaluation of the fuel cell bus operation in the
cities within the CUTE project will continue through 2005.

8. Conclusions

A first evaluation of the fuel cell buses in Stockholm af-
ter the first month in revenue service has been performed.
The initial fuel consumption was high, but has decreased as
a result of continuous upgrades of the fuel cell propulsion
system and establishment of routines among the drivers and
technicians. During a representative day in revenue serviceReferences
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