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About

Element Energy is a leading low carbon energy consultancy offering services 
spanning from strategy development to high end engineering solutions

Low Carbon 
power 

We operate in three
main sectors 

Low carbon 
transport

Low carbon transport  

Low carbon 
Buildings

Low carbon buildings

Low carbon 
power

generation
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Element employs 16 consultants and modellers.

power 
generation

Engineering 
Solutions

We offer three main 
services to our clients 

EngineeringEngineering
Solutions

transport

Due Diligence

Due 
diligence

Buildings

Strategy & 
Policy

Strategy 
& Policy



Low carbon transport – EVs, Hydrogen, Biofuels
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About NextHyLights

• NextHyLights is a study part-funded by EC’s Fuel Cells and Hydrogen Joint 
Undertaking (FCH-JU) 

• Produces recommendations on the next generation of hydrogen vehicle 
demonstrations across Europe (passenger cars, buses and specialty vehicles). 
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• The study was supported by the Hydrogen Bus Alliance, which is world’s most active 
hydrogen bus adopter. Element Energy, on behalf of The Hydrogen Bus Allia nce, 
led the work package on hydrogen buses . In addition, the HBA members provided 
a range of strategic insights and important data.



The Hydrogen Bus Alliance

• The Alliance involves 12 international organisations which represent a combined 
fleet of some 16,000 buses (mostly diesel buses) and an average yearly purchase 
of over 1,400 city buses each year. 

• All of these cities and regions have high level political support for hydrogen bus 
deployment programs and have programs in place for new hydrogen bus trials

• The Hydrogen Bus Alliance has three main aims: 

5

• The Hydrogen Bus Alliance has three main aims: 

1) To share information 
2) To promote the use of hydrogen buses and 
3) To develop a strategy for joint bus procurement.

• The HBA is actively engaged in new projects which w ill put some 60 fuel cell 
hybrid buses in commercial service by the end of 20 12

www. hydrogen bus alliance .org



The Hydrogen Bus Alliance - members

• The Hydrogen Bus Alliance – HBA – was formed in October 2006 

• Today, it includes 12 international members:   

– Amsterdam (GVB); 
– Barcelona (TNB); 
– Berlin (BVG); 
– British Columbia (BC Transit); 
– Cologne (HyCologne); 
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– Cologne (HyCologne); 
– Hamburg (HySolutions);
– Madrid (EMT) 
– London (Transport for London); 
– Oslo (Ruter); 
– South Tyrol (Institut fur Innotive Technologien / Istituto per le Tecnologie

Innovative - IIT); 
– Switzerland (PostAuto Schweiz AG); 
– Western Australia (Public Transport Authority of Western Australia)



The Alliance was formed in 2006. Today, 
members are engaging with 57 hydrogen buses 
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(by next year) 20 28 47 57



• The framework
• NextHyLights

Contents
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A number of players were 
consulted on a ‘voluntary’ consultative basis

Data gathering from industry

Preparation of State of the 
Art, TCO analysis

3 months

2 months

Industry and Operator review

9

Commercialisation studies 
with bus operators

Strategy and 
recommendations

3 months

1 month



The three core deliverables cover 
different aspects of the bus roll out plan 
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The study  reviewed all bus projects back to 
2003

• The graph shows increasing competition in the space 
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Hydrogen buses have evolved substantially                                 
in the last two decades

• A number of different 
design configurations have 
been used, including: 

– Hydrogen in internal 
combustions engines, 
and

– Various fuel cell 
technologies.
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• Companies have used 
direct drive systems and,. 
More recently. hybrid drive 
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Technology breakthrough: hybrid drivetrains -
FC system + battery system +/- ultra-capacitors

• Trials such as CUTE showed that the direct coupling of the fuel cell to the motor 
has significant disadvantages:

1. The FC are exposed to the dynamic profile of the bus’s drive cycle � spiky 
demand on the fuel cell tends to degrade the fuel cell quickly 

2. The cell is often moved away from its peak efficiency
3. The requirement to meet the full peak load with the fuel cell means very large 

fuel cell systems
4. There is no mechanism to capture the kinetic energy dissipated when braking

13

• In a hybrid mode,                                                               
all of the above problems can be 
overcome, as the energy store 
buffers peak loads and allows 
regenerative braking



Hybrid FC configuration � most promising for 
commercialising hydrogen buses
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*     Fuel economy depends on drive cycles. It is worth noting that there is not a standard drive cycle  
for buses to date hence these figures are indicative of best in class urban drive conditions only
**   Bus availability is defined as in HyFLEET:CUTE
*** Best of class performance range
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Achieving a high availability is the last major 
technical barrier to commercialisation 

• Non-hybridised FC buses proved a availability figur e of 92% (HyFLEET:CUTE 
project) � this was a well-controlled trial (with maintenance technicians at each site) 
and did not involve a hybrid drivetrain.

• Hybrid fuel cell bus trials yet to demonstrate thes e high reliability figures (55-
80%) Reasons: novelty of the technology � optimisation of power electronics or 
energy storage systems requires time and field-experience

15

• The next generation of hybrid fuel cell bus trials (starting 2010 – most notably the 
CHIC project) are designed to prove that the technology can achieve availability 
standards over 85% (i.e. equivalent to diesel buses)

• Achieving an availability of this level is the last major technical barrier:  FC buses will 
be seen as a real commercial product instead of prototype vehicles 

• This will allow manufactures to focus on the remaining barrier � cost
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FC buses capital cost has substantially 
decreased …but it is still the major barrier
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Bottom-up cost analysis: buses Capex to fall 
over the next years 
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• Cost reduction is driven by: 1) manufacturing break throughs and 2) VOLUME
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The way forwards: volume

@ $�2%%

@ 6�%%%

@ 6�2%%

@ 4�%%%

#��!�(�!!���
��"���
��
���
"��; 
���;�����
��;!
*��� ����
�����
������

	����
��� �����

+����*��������
����!!������
!
��,

-�!�"��I�!���&%%B
���
�

+��!*��������"���
,

-�!�"��I�!���&�%%%B
���
�

�������!���������"��
)��"��*����

18

@ %

@ 2%%

@ &�%%%

@ &�2%%

@ $�%%%

$%%' $%&& $%&6 $%&2 $%&3 $%&'

�������!���������"��
)��"��*����
+I�&%�%%%����
�����,

@
���

*G


�������




�����	�

.���
������	���

���
��������	�



TCO analysis:  hybrid FC buses to provide a 
flexible and cost effective solution
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• Cost competitive with trolley buses for new routes in the period between 2015 and 
2020; cost competitive with diesel buses from 2025
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The economics will be also dictated by the 
relative cost of diesel versus hydrogen
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An untaxed hydrogen cost at the pump of € 4 -
€ 7 / kg-H2 is achievable with 350bar tech
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Key conclusions - 1

• Fuel cell hybrid buses have achieved the key technical performance metrics required 
for genuine commercialisation

• Reliability in hybrid configuration: will be proven in the current trials (i.e. CHIC, AC 
Transit, …)

• Assuming that bus reliability is achieved, the  key barrier to commercialisation of  
hybrid fuel cell bus technology is its high cost. 

22

• The current capital cost of a hybrid fuel cell bus is over five times the cost of a 
conventional diesel bus,  its ownership cost is over four times higher

• High capital costs are dominated by the high cost of the fuel cell and also its short 
lifetime (driving up the TCO).

• The costs also include a significant OEM premium, associated with short production 
runs and higher risk.



Key conclusions - 2

• With planned cost reductions FC buses can achieve a plausible cost competition with 
trolley buses by 2018 (for new routes, TCO basis) 

• Unsubsidised competition with diesel and diesel hybrid buses will not occur until 
towards 2025, at which point competition will be driven by the relative cost of diesel 
and hydrogen. 

• Two phases are required towards reduction of costs:

23

1. The first step is a deployment of buses in the low 100’s by 2014/5  to stimulate 
cost reduction in bus fuel cell stacks and spread the OEM’s premiums.

2. Up to 2020, a final cost reduction will require automotive stack uptake or global 
bus deployment policies aimed at low 1,000’s buses by ~ 2020/2.
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Commercialisation studies – example 
rollout strategy

Real-world case studies:

• Over 7 strategies per city – they differ in the cumulative number of buses deployed 
and in the period of deployment, which is assumed between 2010 and 2050.

• The long term cash flow of each option is compared against the reference case 
(deployment of diesel buses)

• Based on cities’ cost inputs
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Key results - regional scale – beyond 2020:

1. Even today. it is possible to demonstrate a long term economic case for investing in 
hydrogen bus technology 

2. This result is apparent only when the investment is considered over the long term, i.e. 
for over 30 years

� the benefits from 2020/5 onwards can have a sufficient value to cover the high 
initial costs of technology deployment

25

� These timescales suggest continued public sector intervention will be needed

3. Positive NPVs are possible only if the industry is able to meet the lower bound of their 
cost/performance projections 

4. In addition to the above targets, the analysis proved that the net present values are 
extremely sensitive to the untaxed hydrogen and diesel fuel price. 



Centralisation of the bus fleet could play a role in 
reducing costs between 2010 and 2020…

• …..but feedback from cities and regions suggests a program to heavily centralise 
deployment is not currently viable: 

• Cities and regions were consulted on their desire for ambitious bus rollout 
programmes.  

• The cities and regions consulted indicate that realistic deployments might 
involve:

26

involve:

� A maximum of 20 and 30 buses per city/region by 2015/6 (50 buses was 
mentioned in one extreme case)

� Between 60 and 100 buses per city/region in the 2015/6 – 2020 time frame

• Realistic rollouts of hybrid fuel cells in European cities and regions in the 2010 – 2025 
period is likely to require at least 30 cities across Europe



The ‘Big Picture’ on hydrogen bus activities in 
Europe – where does this study fit?

• NextHyLights is part of a larger number of actions supported by the European Fuel 
Cells and Hydrogen Joint Technology Initiatives (FCH-JU)

• The FCH-JU is public private partnership between the EC and industry players to 
commercialise hydrogen technology

• The FCH will support a new high-profile coalition s tudy on bus drivetrains

27

• The consortium includes a very broad consortium of bus OEMs, energy 
companies, component suppliers and end-users. 

• This new study will: 
1) Carry out a detailed comparison with all other alternative fuelled drivetrains
2) Create roll-out scenarios for hydrogen buses across Europe
3) Develop frameworks and investments guidelines



The full report is free and on-line!
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Thank you for your attention!
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Contact us!
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Back-up slides
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Hybrid fuel cell buses proved outstanding fuel 
economy performance…and it is still improving! 
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TCO analysis – assumptions (2010-2014)
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TCO analysis – assumptions (2018-2022)
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Outlook to 2030 – hybrid FC buses competitive 
even assuming diesel @ €0.8 / litre
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