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Solaris Urbino 18.75 electric fuel cell bus operated by Hamburger Hochbahn AG  
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Executive Summary 

There is no doubt that the future of public transportation is going to be zero 
emission. Today, as environmental concerns increasingly become center stage 
issues, transit agencies and operators are being called to look into ways to im-

prove air quality in their communities while maintaining quality of service.  

Technologies exist today to meet emission regulations and ensure a smooth 
transition to zero-emission transit. Fuel cell buses are hybrid-electric buses with 
a high efficiency zero-emission “generator” which converts energy from hydro-

gen gas and air into electricity. 

A fuel cell bus offers all the benefits of electric drive while improving the bus per-
formance with no compromise in service and operation compared to other zero-
emission technologies and no road side infrastructure. Delivering the required 
mix of emission reduction, fast refuelling, extended range and route flexibility, 
fuel cell buses are the only zero-emission direct 1:1 replacement for diesel, CNG 

and biogas (CBG) buses. 

With millions of kilometers in commercial service and more than ten years on 
the road in different climates, including extreme cold weather, fuel cell buses 
have proven to meet operational requirements of transit agencies and bus oper-
ators.  Today fuel cell buses offer an attractive business case and a lower total 
cost of ownership compared to other low and zero-emission options and fuel 

cost parity with diesel buses. 

Hydrogen fuel cell technology fits the region's need for sustainable energy while 
also creating economic opportunities. Deployments around the world have prov-
en that hydrogen-fueled fuel cell buses can be refueled safely and efficiently in 
the depot. Hydrogen as an industrial gas is currently produced and distributed 
throughout Scandinavia for a variety of applications. A range of standard solu-
tions exist today to deliver or produce, store and dispense hydrogen gas at trans-

it bus depots, including from 100% renewable sources at a €/km price competi-

tive with diesel. 

Today renewable hydrogen and fuel cell technology can provide public transit 
agencies and operators with scalable and affordable zero-emission electric bus-

es which operate like conventional buses.   

To reduce the price of the fuel cell buses, it is very important that the municipali-
ties in all the Nordic Countries are contributing to create a demand for the hydro-
gen infrastructure and the fuel cell buses. This is done by including the imple-
mentation of fuel cell buses in  the local public transport strategies and route 

tenders. 

Read on to learn more about the benefits of zero-emission fuel cell buses for 

public transportation in Scandinavia. 
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Clean public transit 

powered by  

renewable hydrogen 

will improve air quali-

ty in our cities.  
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Introduction 

Scandinavia is at the forefront of the fight against climate change, committing to 

renewable energy further and faster than any other region in Europe. Denmark 

has adopted goals to reach 100 percent renewable energy by 2035 and to be 

completely free of fossil fuels by 2050. Denmark already generates 40 percent 

of its annual electricity demand from wind. Furthermore Sweden has declared 

that it will be one of the world’s first fossil-free welfare countries. Nor-

way will ban the sale of all fossil fuel-based cars in the next decade.  

 
Being fossil fuel free by 2050 will require a significant change in transportation 

and opens the door for Scandinavian countries  to take a leadership role in de-

ploying zero-emission vehicles. With large fleets of buses, transit agencies and 

operators are in the best position to accelerate and facilitate the transition to 

clean energy buses and should set ambitious targets for the replacement of con-

ventional bus fleets. 

 
Zero-emission fuel cell buses are ready to be implemented for public transit and 

will support economic development while improving environmental health. Den-

mark, Sweden and Norway  are among the world-leaders in the hydrogen and 

fuel cell technologies. Denmark was the first country in the world to establish a 

nationwide network of hydrogen fuel stations and is fully engaged in fuel cell 

technology; from R&D to product manufacturing and from hydrogen production 

to infrastructure deployment. 

 
All the three Scandinavian capitals are among the award winning cities of the Eu-

ropean Green Capital Award with Oslo being the 2019 Green Capital: 

 
“Tackling the climate changes is a high priority for Oslo. The city aims to cut 

emissions by 50% by 2020 (compared to 1990) and to be carbon neutral by 

2050. Oslo has introduced a range of integrated measures to achieve these am-

bitious targets, for example, by promoting zero emissions transport. The city has 

become the ‘Electric Vehicle Capital of the World’ with 30% of all vehicles now 

sold in the city being electric.” (Source: http://ec.europa.eu/environment/

europeangreencapital/winning-cities) 

 
The potential for greening urban mobility and the associated benefits are enor-

mous. Fuel cell buses reduce the external environmental and health care costs 

associated with pollution from transportation. With lower noise levels and air 

quality improvement, operators will benefit from a “green” and modern image 

while reducing operating costs and improving passenger satisfaction.   

 

 

Introduction 
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Benefits of Zero-Emission Fuel Cell Buses 

Fuel cell buses provide affordable zero-emission transportation with 

no compromise in vehicle performance. Fuel cell buses are the only 

zero-emission technology to offer full vehicle capability (grade ability, 

highway speeds, and long range) in all operating environments.  

Fuel cell buses do a complete day’s work even on the most arduous 

routes and allow for a 1:1 replacement for conventional diesel or com-

pressed natural gas (CNG) technologies. This means that hydrogen 

fuel cell buses can operate on all urban bus routes without compro-

mise. 

Zero-emission transportation with 

no compromise in performance or 

operation. 

Van Hool fuel cell bus operated by FIRST and STAGECOACH in Aberdeen,  UK  
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Fuel cell buses have zero tailpipe emissions. 

They produce no nitrogen oxides, sulfur diox-

ides or particulate matter.  By using hydrogen 

produced from renewable energy sources only, 

buses reach full carbon neutrality from a well to 

wheel perspective. One fuel cell bus fueled with 

hydrogen from renewable energy sources will 

avoid approximately 122kg of CO2 emissions 

for every 100 kilometers traveled compared to 

a conventional diesel bus. 

GHG Reductions 

A fuel cell bus is a battery-fuel cell hybrid bus. It 

provides the operator with all the benefits of 

battery electric buses while addressing the 

range and charging issues. Fuel cell buses op-

erate over 450km during an 18-hour shift on 

the road with a single 10-minute re-filling at 

night. They do not require any charging infra-

structure along the route or at the bus depot. 

Fuel cell buses powered by Ballard's FCveloCi-

ty® motive modules have traveled more than 

12 million kilometers of revenue service, equiv-

alent to circling the Earth 275 times, with bus 

availability above 85%.  

Performance 

Hydrogen filling stations at transit depots are 

built to be scalable. The equipment is similar to 

a CNG station, and a station can simply and 

cost-effectively increase its capacity from 10 to 

100 buses by upgrading the compression and 

storage equipment and adding dispensers.  

Scalability 

With millions of kilometers in commercial ser-

vice and more than 15 years on the road in dif-

ferent environments and transit bus duty cy-

cles, fuel cell buses have proven to meet oper-

ational requirements of transit agencies and 

bus operators.  Fuel cell buses in Scandinavia 

will benefit from the proximity to the European 

service center in Denmark (Ballard Europe) to 

ensure increased availability. Performance and 

reliability represents a fully competitive solution 

compared to diesel buses. 

Reliability 

Fuel cell power modules for transit buses are 

commercially available from 30 to 100 kilo-

watts, allowing bus manufacturers to offer a 

range of options to meet their customer re-

quirements. Fuel cell power modules can be 

integrated into any type of bus from 8m to 18m 

(articulated) including double decker buses.  

Flexible Vehicle Integration  
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Key components of a fuel cell bus 

A fuel cell bus is a  

battery electric bus 

with an on-board range 

extender. 
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A fuel cell bus is an electric vehicle that includes both a fuel cell and batteries 

working seamlessly together to provide efficient zero-emission power without 

compromised range or route restrictions. In such hybrid architecture, the fuel cell 

provides energy to keep the batteries charged, works with the batteries to pro-

vide peak traction power, and provides the energy necessary for the bus auxiliary 

loads. 

 

The fuel cell power module onboard the bus efficiently generates electric energy 

through an electro-chemical reaction leaving only water and heat as by-products. 

The electric energy is used to keep the batteries charged and, as a further bene-

fit, the by-product heat is useful as a source of energy for maintaining passenger 

comfort, to improve vehicle efficiency. The batteries also provide storage for re-

generated energy. 

 

There is no need to plug in the bus to recharge the batteries as hydrogen stored 

in bus provides the entire daily energy need of the bus. The remaining bus ele-

ments (glider, electric drive, etc.) are identical to battery electric buses.  

 

Hydrogen offers much higher energy density compared to electrical storage sys-

tems such as batteries. With the addition of a hydrogen fuel cell system, the bat-

tery system can be reduced in size, decreasing the overall weight of the propul-

sion system which will improve the fuel efficiency of the vehicle and will allow the 

vehicle to carry more passengers. 

 

Fuel cell bus technology is increasing its presence in the public transportation 

industry, and more than 10 bus manufactures are currently offering a fuel cell 

bus model. However developments are constantly being made and we  expect to 

see many new fuel cell buses in the future. 

 

In the following, three examples from Solaris, Van Hool and Wrightbus are pre-

sented. They each offer a fuel cell bus as part of their zero emission bus product 

range. 

Fuel Cell Bus 
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Van Hool is an independent Belgian de-

signer- and manufacturer of buses, 

coaches and industrial vehicles. Van Hool 

has been building hydrogen buses for the 

American market since 2005 and for the 

European market since 2007. By now, 

Van Hool has produced 53 hydro-gen bus-

es for North America (21) and Europe 

(32). 

Based on experiences with fuel cell buses 

for the American market, Van Hool has 

developed the first European hybrid fuel 

cell bus with the same passenger capaci-

ty as a diesel bus and with all modern 

comfort. Tests have been conducted 

throughout Europe, which have proven 

the reliability of the fuel cell technology.  

Van Hool has landed a significant contract 

with RVK Köln and WSW Wuppertal 

(Germany), to supply 40 hydrogen buses 

of the latest generation. This order con-

sists of 30 fuel cell buses for Cologne and 

10 for Wuppertal, making it the largest 

order for hydrogen-powered vehicles ever 

been placed in Europe. These high-tech 

vehicles will be built in the Van Hool facto-

ry in Koningshooikt, Belgium. The first 

buses will be delivered in the spring of 

2019.  

The Wright Group is a leading manufactur-

er of city buses for the UK and increasing-

ly the global market. Wrightbus offers a 

comprehensive range of drivelines to 

meet operator’s needs, these include Mi-

cro Hybrid, Hybrid, and EV. In 2016 

Wrightbus launched its new zero emission 

hydrogen fuel cell bus which is available 

in both single deck and double deck vehi-

cle layouts.   

The zero-emissions driveline technology 

from Wright-bus is developed with support 

from the British government’s Advanced 

Propulsion Centre (APC) under a grant for 

common platforms and assembly meth-

ods for Ultra Low Emission Buses.  

Wrightbus’s fuel cell concept features an 

electric drive axle packaged to allow a full 

flat floor throughout the bus, a zero-

emission heating and cooling system, the 

ability for overnight charging if the opera-

tor desires, and remote diagnostics. 

Van Hool Fuel Cell Buses 

Wrightbus Fuel Cell Buses 
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 SOLARIS URBINO  VAN HOOL  WRIGHTBUS 

Model 
Solaris Urbino 18.75 fuel 

cell bus 
A330 Fuel Cell Bus 

Wrightbus Hydrogen Fuel 

Cell Bus 

Size     18.75m 12, 13, 18m 10.8m-12.3m 

Battery  

power 

120 kW lithium-ion-

phosphate 

80-120 kW lithium-ion-

phosphate 

48kW Lithium-Titanium-

Oxide 

Fuel Cell 

power 
100 kW FCveloCity®-HD  

85-100 kW FCveloCity®-

HD  
85 kW FCveloCity®-HD  

Hydrogen 

storage 
45kg  30-38kg 

27-37kg (additional capacity 

on Single Deck) 

Range 
>300 kilometers with 

auxiliaries 

>300 kilometers with aux-

iliaries 

250-300 kilometers with 

auxiliaries 

Fuel cell bus specifications of already deployed buses - Examples 

In late 2014 Solaris introduced its first Ur-

bino 18.75 articulated electric bus with 

hydrogen fuel cell range extender.  

 

This innovative Solaris bus is equipped 

with 120 kWh batteries as the main ener-

gy provider to the drive system. The bat-

teries are charged with a 85 kW fuel cell 

module provided by Ballard for a total 

range of 300 kilometers per day. The fuel 

cells are used only when 100% of output 

is required, which significantly increases 

their durability.  

 

The bus is quickly re-fuelled with hydrogen 

at the bus depot at the end of each day. 

At a length of 18.75 meters, this emission

-free bus can be operated on even the 

most heavily used lines.  

 

The bus has also won the Fuel Cell Award 

2016 in the prod-uct and market category.  

 

Solaris is also developing a next genera-

tion 12-meter bus, which will be available 

in 2019. 

 

Solaris Fuel Cell Buses 

Sources: www.solarisbus.com, www.vanhool.be/en, www.wrightsgroup.com, www.wrightbusinternational.com,  

www.chic-project.eu, www.fuelcellbuses.eu, www.gofuelcellbus.com/index.php/commercialization/industry-partners/ 
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A roll-out of hydrogen refueling stations and the supply of hydrogen is an im-

portant factor in the implementation of fuel cell buses.  No infrastructure = no 

buses.  

To secure the 1:1 substitute for diesel buses, it is crucial that refueling and han-

dling is similar to what we are accustomed to with fossil fuels.   

Hydrogen is produced in large scale either on-site or trucked in from central pro-

duction. The solution depends on the hydrogen demand and on physical sur-

roundings.  

Refuelling is carried out at the depot as part of the normal procedure in order to 

prepare the buses for the next day of operation. 

The H2Station produced by NEL Hydrogen is a new generation of hydrogen refu-

eling for fuel cell vehicles, offering fast refueling with long range according to in-

ternational standards. H2Station offers the world’s most compact footprint and 

provides high refueling reliability. 

Hydrogen refueling systems are scalable and there are solutions for every hydro-

gen fuel cell vehicle. It is also possible to upgrade the refueling station in order 

to service additional buses as the number increases over time. 

Nel Hydrogen can provide you with delivered green hydrogen at a fixed price dis-

pensed at the pump over, for example, a 10-year period. This means no invest-

ment in infrastructure for the bus operator. The target price is diesel parity and 

this is already achievable in numerous countries worldwide. 

Renewable Hydrogen Fueling for Fuel Cell Bus Fleets 
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Capital Cost 

Fuel cell bus capital pricing has decreased considerably as volumes have grown. 

Since the first deployments in the 1990s, purchasing costs for fuel cell buses 

have fallen by more than 75%. 

 
Fuel cell buses are also benefitting from the battery and electric drive cost re-

ductions as well as growing production volume of electric buses, as they share 

over 90 percent of the same components as battery electric buses. 

Currently, the target price for a basic* 12m fuel cell electric bus is €650,000 

(prior subsidy) as part of the next funded European deployment program. With 

volume purchases over 100 buses/year this price could start from 450.000€ or 

even lower beyond 2020.  

 
*basic means without specific customer/public transit agency equipment.  

Fuel Cell Bus Cost 
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As the technology proliferates and the supply chain matures, a fuel cell drivetrain 

will generate operational savings in comparison to a diesel engine. For an elec-

tric drive motor on a bus, there is no expected electric motor repair or mainte-

nance needed other than a potential bearing replacement during the typical use-

ful life of a bus. Overall, fuel cell buses require less regular maintenance due to 

its solid state design and minimal moving parts. With volume, maintenance 

costs (including fuel cell stack replacement) will be at or below that of a diesel 

bus. Current forecasts show that the maintenance cost for fuel cell buses is 

close to aligning with diesel buses at €0.35 per kilometer at a volume of 100 

buses per year. 

 

In addition, expected efficiency improvements in the fuel cell bus will result in a 

fuel cost per kilometer that is below the price of taxed diesel when using untaxed 

renewable hydrogen. 

 

A useful metric for bus operators to compare hydrogen and diesel infrastructure 

costs is the average hydrogen cost (€/kg), which incorporates all capital and op-

erating costs. For cost parity with diesel, a hydrogen fuel price of €5-6/kg is wide-

ly accepted as the target for the industry, as this is the level which allows parity 

with diesel costs for today’s buses. This target is already achievable in countries 

such as Denmark, Sweden, Norway, and Germany, which have high adoption of 

renewable energy sources and a fair tax system on the electricity grid.  

 

Operating Cost 
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Zero-emission fuel cell buses  

offer an attractive value proposition 

compared to other technologies... 

...and are the economically best 

strictly zero-emission choice. 

Bus Technology Comparison 

Wrightbus fuel cell electric bus operated by Tower Transit in  London 



17     An Attractive Value Proposition for Zero-Emission Buses in Scandinavia 

 

 

 Volume of 100 vehicles/year  

 12-meter bus  

 Fleet of 10 buses  

 85.000 km/year 

 Average speed of 19 km/hour 

 10 year contract period 

 

 10 year depreciation period 

 10% premium on battery electric buses to 

cover additional on route charging time 

 Fluctuation in fuel prices is not included in 

TCO calculations 

*Assumptions: 

 

Diesel CNG Biogas 
BEB         

(opp. charging)
+10% 

FCB 

Cost in €* 

Cost per km 3,29 3,50 3,54 3,78 3,69                                       

Wrightbus fuel cell electric bus operated by Tower Transit in  London  
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Power to Change  

the World® 

Ballard Europe’s local service team 



19     An Attractive Value Proposition for Zero-Emission Buses in Scandinavia 

 

To support transit operators deploying fuel cell buses, Ballard has developed a 

global service and support team. Ballard’s European Service Center is operat-

ed from Ballard Europe in Hobro, Denmark. The European Service team is com-

mitted to supporting Ballard-powered zero-emission fuel cell buses in revenue 

service on European roads. With fleet sizes growing, premium support services 

are readily available from experienced support personnel, ensuring safe and 

reliable operation of these buses with maximum operational uptime. There is a 

total of five technicians based in Denmark, in addition to a certified service pro-

vider in Germany, central and local parts inventories, and a repair center. 

Ballard conducts extensive product training to ensure technicians providing 

support are experts in their field and can confidently provide services of the 

highest quality. Training for transit operator’s technicians can take place at Bal-

lard’s headquarters in Vancouver, Canada or Ballard Europe in Denmark or the 

service provider’s site. Training is validated through testing that provides an as-

sessment of the technicians’ skills related to product knowledge, preventative 

and corrective maintenance and troubleshooting.   

Ballard Europe Service Team 

Training Program 

Ballard FCveloCity® fuel cell generator  

For the adoption of any new technology into operation, a mobilization period 

must always considered. With Ballard’s training program and the local support 

team this mobilization period can be made very smooth and effective. 

Mobilization Period 

Local Support 
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No longer a nascent enterprise, the fuel cell and hydrogen industry is now well 

developed with many mature companies. A reliable European supply chain has 

emerged that provides fuel cell components, vehicles and support along with hy-

drogen fueling equipment to enterprising transit agencies throughout the region. 

Industry members actively work together to develop and deploy competitive solu-

tions optimized to meet customer requirements.  

 

European bus OEMs  now offer a wide range of buses, from single-deck buses in 

multiple lengths to double decker buses. In the drivetrain, a variety of strategies 

are available, ranging from small fuel cells with large batteries designed for 

range-extender operation through to large fuel cell systems with 100kW+ stacks. 

 

A strong Scandinavian and European value chain offers a number of commercial 

solutions for production, delivery, storage and dispensing of hydrogen in order to 

meet the specific requirements of the Scandinavian transit agencies and opera-

tors.  

 

Trials in cities around the world have demonstrated that fuel cell buses can cut 

emissions and noise pollution with no compromise in service. International com-

mercial traction coincides with already strong uptake and deployment of hydro-

gen and fuel cell technologies by European transit operators in major cities in-

cluding London, Aber-

deen, Cologne, Ham-

burg and Oslo. Over 

300 new fuel cell buses 

will be on the road in 

Europe within the next 

three years and hun-

dreds more in China, 

Korea and Japan. Fuel 

cell buses are now 

ready to be deployed in 

large scale on a com-

mercial basis within the 

very short time horizon 

of 2020 and beyond. 
European Fuel Cell Bus Programs - www.fch.europea.eu  

A Mature Industry 



“I particularly enjoy driving a fuel cell bus because of 

the smooth ride without the noises and vibrations you have 

in a diesel bus. You feel more relaxed after your shift and 

in addition you know that you have done something good  

for the environment.” Bus driver at RVK, Cologne 
 

 

(CHIC Program Publication 2016) 

http://chic-project.eu  
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allard Europe Team 

 

 

 

The pathway has been prepared! 

Now is the time to implement zero-

emission fuel cell buses in Scandinavia. 
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Affordable  

With millions of kilometers in commercial services and more than 15 years on 

the road in different environments, fuel cell buses have proven to meet opera-

tional requirements of transit agencies and bus operators. Fuel cell buses offer 

a 1:1 replacement to diesel buses without performance compromises. 

 

Fuel cell manufacturers, European bus manufacturers, hydrogen suppliers and 

government agencies are all working together in programs aiming to bring attrac-

tive fuel cell buses to Scandinavian cities and operators.  

 

We state that fuel cell buses are: 

Offering superior cost of ownership versus an all-battery 

bus and within 20% of the cost of operating diesel  

buses.  

Operable Offering the same convenience as a diesel bus for bus 

operators, without requiring any operational compromis-

es (such as limited range, long charging times or on-

route charging). 

Zero-

Emission  

 

Virtually silent, with no emissions of any air pollutant and 

with no tailpipe emissions of carbon dioxide.  

Conclusion 

The zero emission fuel cell bus solution is ready. The technology is ready, the 

price is affordable, and the time is now to make a move to fuel cell buses for 

public transit. 

 

Hence, municipalities are establishing the public transport systems of the fu-

ture. To meet the goal of a fossil free transport sector by 2050, and to keep pric-

es low on the fuel cell buses, it is very important that the municipalities in all the 

Nordic countries are contributing to create a demand for the hydrogen infrastruc-

ture and fuel cell buses. This is done by including the implementation of fuel cell 

buses in the local public transport strategies and route tenders. 
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To learn more about fuel cell electric buses and hydrogen refueling solution: 

zeroemissionbus.org 

www.fuelcellbuses.eu  

www.Ballard.com 

www.nelhydrogen.com 

www.hydrogenvalley.com 

 

The Other Electric Bus 


