Ref. Ares(2017)2714478 - 30/05/2017

New Bus ReFuelling for
European Hydrogen Bus Depots

Grant agreement No: 671426
Deliverable 3.8

Business cases to support fuel cell bus commercialisation

Status: F (17.03.2017)
(D-Draft, FD-Final Draft, F-Final)

Dissemination level: PU
(PU – Public, RE – Restricted, CO – Confidential)

D3.8 – Business cases to support FC bus commercialisation

Authors:
Alastair Hope-Morley (Element Energy)
Ben Madden (Element Energy)
Ed Boyd (Element Energy)

Approvals
WP leader

Approved

Coordinator

Approved

FCH JU

pending

Grant agreement no.

2/29

March 2017

D3.8 – Business cases to support FC bus commercialisation

Acknowledgements:
This project was funded by the Fuel Cell and Hydrogen Joint Undertaking (FCH JU).
We wish to acknowledge the generous assistance of all the project partners and stakeholders for the
time and information that they generously contributed to this project.

Disclaimer:
Despite the care that was taken while preparing this document, the following disclaimer applies: the
information in this document is provided as is and no guarantee or warranty is given that the
information is fit for any particular purpose. The user thereof employs the information at his/her sole
risk and liability.

Grant agreement no.

3/29

March 2017

D3.8 – Business cases to support FC bus commercialisation

Contents
0.

ABOUT THE NEWBUSFUEL PROJECT .................................................................................. 5

1.

INTRODUCTION ................................................................................................................ 6

2.

FUEL CELL BUS TOTAL COST OF OWNERSHIP (TCO) ANALYSIS............................................. 7

2.1

Context ............................................................................................................................................... 7

2.2

Data collection ................................................................................................................................... 7

2.3

Methodology ...................................................................................................................................... 8

2.4

Analysis .............................................................................................................................................. 9
2.4.1

State-of-the-art costs ................................................................................................................ 9

2.4.2

Future target costs.................................................................................................................. 13

3.

FUEL CELL BUS PROJECT CASH FLOW ANALYSIS ............................................................... 16

4.

SUMMARY ..................................................................................................................... 23

Grant agreement no.

4/29

March 2017

D3.8 – Business cases to support FC bus commercialisation

About the NewBusFuel project
Hydrogen buses are recognised as one of very few routes to the full decarbonisation of public
transport in cities. The NewBusFuel project aims to fill a major gap in the existing knowledge base
around the refuelling of hydrogen at a bus depot scale. Existing hydrogen refuelling stations (HRS)
have been designed and operated with maximum fuelling capacities in the 100s of kg/day. For
hydrogen to be a viable fuel for bus operators in the medium term, solutions are required which can
provide fuel for 100s of buses, which implies fuelling requirements of 1,500 kg/day and above.
Providing fuel at this scale creates new challenges which have only been tackled in the most
theoretical fashion by the hydrogen industry. There is a considerable knowledge gap around the
designs, processes and safety implications of providing hydrogen refuelling on this scale. A large and
truly pan-European consortium has assembled to develop solutions to these challenges. The
consortium will carry out engineering studies for 13 different large scale hydrogen fuelling station
designs at 12 different sites.
There are four main project objectives, which can be prioritised in the order below:


Produce 13 engineering studies which define the optimal designs, hydrogen supply routes,
commercial/ownership arrangements and the practicalities involved in refuelling very high
volumes of hydrogen at a variety of busy bus depots across Europe.



Prepare a range of publically accessible, design guideline reports based on analysis across the
engineering studies which are carried out. The diversity and the number of studies carried
out will allow a comprehensive engineering data set to be assembled. A comprehensive
program of evaluation of the engineering dataset will allow the production of valuable
learning for the European bus sector.



Kick start the large scale bus deployment projects which are required for the next stage of
the commercialisation process. The study sites were selected to be located in Europe’s most
proactive hydrogen bus deployment regions. In each region, the study will enable the
operators and their industrial partners to make steps towards their next wave of hydrogen
bus deployment.



Disseminate the results to a wider audience in order to ensure that the challenge of
hydrogen fuelling for buses is not seen as a credible reason to delay engagement with the
technology.
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1. Introduction
The NewBusFuel project has benefitted from the input and experience of numeorus European
private sector organisations, who are all involved in the development of hydrogen refuelling
infrastructure and water electrolyser technologies (see Figure 1). As a result, the findings give the
most accurate representation of the technical and economic factors for large-scale hydrogen
refuelling available today.

Figure 1 - Hydrogen infrastructure and electrolyser developers involved in the NewBusFuel project

At the start of the project, the analysis team developed a series of data collection templates to
extract useful information from the 13 engineering studies on a consistent basis (see Deliverable 4.1).
Using this data, the analysis team conducted a series of data aggregation and anonymisation
processes, followed by an extensive evaluation of the results (see Deliverables 4.2 and 4.3).
The hydrogen price at the nozzle is the most important economic factor for a bus operator as it
packages up all infrastructure and fuel costs together into a single cost per kilogram of hydrogen
dispensed. The analysis team found that three out 13 studies indicated that €4-6/kg-H2 target price
range can be achieved. This is a significant finding as it proves that refuelling stations with high
dispensing volumes (1-2 tonnes of H2 per day) can benefit from economies of scale and that it is
possible to achieve much lower hydrogen prices than currently available at refuelling stations today.
This report provides a case study to demonstrate the impacts of these findings and, using UK derived
figures, sets out the implications of the study results for a bus operator’s business case for operating
fuel cell buses. This is then use to build recommendations for deploying a cost effective fuel cell bus
fleet at the scale envisaged by the NewBusFuel project.

Grant agreement no.

6/29

March 2017

D3.8 – Business cases to support FC bus commercialisation

2. Fuel cell bus Total Cost of Ownership (TCO) analysis
2.1 Context
The Total Cost of Ownership (TCO) for a bus is a useful metric to compare the economics of owning
and operating different powertrain technologies. TCO analyses have been used widely in previous
high-profile strategic studies which examine different powertrain technologies and compare their
suitability for bus application.1,2 A similar approach and methodology has been used for this analysis.

2.2 Data collection
A data collection exercise was conducted prior to this analysis. Because the operation of buses varies
widely across Europe, the data and assumptions for fuel cell bus ownership also vary substantially.
Hence, the figures shown in this report provide UK specific estimates drawn from this data collection
exercise – this ensures consistency of results across all of the assumptions.
Bus operators were consulted to validate the components of the TCO and ensure all aspects of
vehicle ownership and operation were captured. Based on feedback, the TCO analysis has been
divided into eight components:









Bus capex
Bus drivetrain maintenance costs
Bus regular maintenance costs
Bus driver costs
Depot overhead costs
Infrastructure capex
Infrastructure maintenance costs
Fuel costs

Cost information was obtained for diesel bus capex, driver salaries, vehicle maintenance, bunkered
fuel, electricity tariff and depot overheads, as well as real-world bus fuel consumption and mileage
data from commercial operation and on-going demonstration activities.

1
2

“Fuel Cell Electric Buses – Potential for Sustainable Public Transport in Europe” (Roland Berger, 2015)
“Urban buses: alternative powertrains for Europe” (McKinsey & Co, 2012)
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Capital costs for fuel cell and battery electric buses were developed internally from a bottom-up
analysis of the four main bus modules which include the glider, power system, electric drivetrain and
integration. The power system was divided into a further six components (some components are
excluded from the battery electric bus):







Fuel cell system
DC-DC converter
Hydrogen storage tanks
Battery pack
Build labour
Other components

Costs for each component were derived from conversations with technology suppliers, market
analysis and literature review. In particular, fuel cell costs for the current state-of-the-art and future
targets were developed from existing literature3,4,5 and validated for the UK through conversations
with heavy-duty fuel cell developers.

2.3 Methodology
The TCO analysis has been developed to compare four different powertrain technologies (diesel,
diesel hybrid, pure battery electric and fuel cell electric) for single and double deck buses. For
consistency across all powertrains, a 12 year bus lifetime has been assumed which requires an engine
overhaul for ICE vehicles and a stack or battery replacement for fuel cell electric or battery electric
vehicles respectively.
Two separate analyses have been conducted. The first involved the current state-of-the art based on
costs and performance parameters for technologies deployed between 2017 and 2022. The second
analysis represents future costs and performance targets and represents buses deployed between
2023 and 2030.
To represent battery electric buses, two configurations have been developed to represent the range
of uncertainty in the way in which these vehicles will be operated in practice:

3

"Fuel cells: A realistic alternative for zero emission?" (Roland Berger, 2014)
"Mass Production Cost Estimation of Fuel Cell Systems for Transportation" (Strategic Analysis, 2014)
5
"European Union Greenhouse Gas Reduction Potential for Heavy-Duty Vehicles" (TIAX, 2011)
4
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−

Battery electric – 30% more buses: larger fleet size of buses with limited range (compared to
diesel or fuel cell) to allow for the additional charging time and facilitate the same operational
mileage as regular fuel cell or diesel buses. All costs have been scaled to account for 30% extra
buses. Battery capacity = 200 kWh.

−

Battery electric – long range: bus with larger battery than installed in conventional battery
electric buses to ensure equivalent range to fuel cell technology. These vehicles are being
developed for the market today. They are modelled using a somewhat higher capital cost
compared to the average battery electric buses available today to reflect the larger battery pack.
Battery capacity >350 kWh.

Standard costs for two drivers per bus per year (€90,000/bus/year) have been excluded from the TCO
as the cost is often the largest component of the TCO and is the same for all powertrain technologies.
This is an important consideration when comparing the TCO and cash flow analysis results.

2.4 Analysis
2.4.1 State-of-the-art costs
Battery electric and fuel cell buses are currently pre-commercial technologies and are not yet mass
market products. As a result, current technology costs are high (see Table 1 and Table 2) and no zero
emission bus is economically competitive with diesel ICE and hybrid technologies.
Table 1 – Technology assumptions for different single deck bus technologies in 2017-2022
Powertrain:
Bus type:
Scenario:
Bus availability
%
Additional vehicle requirement
%
Bus capex
€/bus
Bus lifetime
years
Powertrain overhaul capex
€/bus
Powertrain lifetime
years
Bus drivetrain maintenance €/year/bus
Diesel consumption l/100km
Electricity consumption kWh/100km
Hydrogen consumption kg/100km

Grant agreement no.

Diesel hybrid
ICE
Single deck Single deck
Diesel ICE

Regular

Regular

0.95
165,000
12
4,125
6
10,000
37
-

0.95
250,000
12
6,250
6
15,000
30
-

9/29

Battery
electric
Single deck
Long-range
0.90
520,000
12
87,500
6
15,000
220
-

Battery
electric
Single deck
30% extra
vehicles
0.90
0.30
480,000
12
87,500
6
15,000
200
-

Fuel cell
electric
Single deck
Regular
0.90
610,000
12
62,500
6
30,000
8.0
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Table 2 – Technology assumptions for different double deck bus technologies in 2017-2022
Diesel hybrid
Battery
Battery
Fuel cell
ICE
electric
electric
electric
Bus type: Double deck Double deck Double deck Double deck Double deck
30% extra
Scenario:
Regular
Regular Long-range
Regular
vehicles
%
0.95
0.95
0.90
0.90
0.90
%
0.30
€/bus
235,000
300,000
595,000
555,000
670,000
years
12
12
12
12
12
€/bus
5,875
7,500
87,500
87,500
62,500
years
6
6
6
6
6
€/year/bus
10,000
15,000
15,000
15,000
30,000
l/100km
43
34
kWh/100km
256
256
kg/100km
9.3
Powertrain:

Bus availability
Additional vehicle requirement
Bus capex
Bus lifetime
Powertrain overhaul capex
Powertrain lifetime
Bus drivetrain maintenance
Diesel consumption
Electricity consumption
Hydrogen consumption

Diesel ICE

A sensitivity analysis has been included to compare the impact of three different hydrogen prices,
€9/kg, €6/kg and €4/kg. This range is based on the fuel retailing costs achieved over the course of
the NewBusFuel project, shown in Figure 2.6.

Figure 2 - Dispensed hydrogen costs achieved within the NewBusFuel project

6

These assumptions are in line with previous analyses such as “Fuel Cell Electric Buses – Potential for
Sustainable Public Transport in Europe” (Roland Berger, 2015) which assumed €4.9 – 6.2/kg up to
2020, and “Urban buses: alternative powertrains for Europe” (McKinsey & Co, 2012) which assumed
€4.9 – 7.8/kg, but include higher and lower costs to better reflect the real-world observations made
today in the NewBusFuel project.

6

“NewBusFuel: Recommendations for large scale hydrogen refuelling” (Thinkstep for NewBusFuel, 2017)
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With a hydrogen price of €9/kg, the fuel costs exceed the bus capital costs, making up the largest
components of the TCO for both single and double deck buses.

Figure 3 – TCO analysis for single deck bus technologies based on the current state-of-the-art

Figure 4 – TCO analysis for double deck bus technologies based on the current state-of-the-art

With low cost hydrogen (€4/kg), owning and operating a single deck fuel cell electric bus has an
annual cost premium of €48,000/bus/year (59%) compared to owning and operating a EURO VI diesel
hybrid bus (see Figure 3). For a double deck bus, the annual cost premium is €51,000/bus/year (54%)
Grant agreement no.
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compared to a diesel bus (see Figure 4). As a result, in the short-term, bus operators are likely to
require external funding to support fuel cell bus procurements even for large fleets of vehicles. This
use of public sector funding is justified by the cost reductions that manufacturers suggest can be
achieved through larger scale procurements.
Comparing battery electric and fuel cell buses, a hypothetical ‘long range’ battery electric bus has the
lowest TCO amongst the zero emission buses. However, the battery electric option with current
technology (i.e. limited driving range) has a higher cost than the fuel cell electric bus options, largely
due to the additional bus driver costs required to drive the additional 30% of vehicles.
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2.4.2 Future target costs for fuel cell buses
For zero emission technologies, bus capital costs represent the largest cost component making up
30-40% of the overall TCO. To address this, significant efforts are currently being made to reduce
capital costs through joint procurement activities but further reductions will be needed to bridge the
gap to commercialisation of battery electric and fuel cell buses.
We have developed a series of technical (e.g. fuel consumption) and economic (e.g. capital cost,
maintenance cost) targets for the mid-2020s which have been validated by industry consultation (see
Table 3 and Table 4). Again, the cost estimates shown here correspond to the UK.
Table 3 – Technology assumptions for different single deck bus technologies in 2023-2030
Powertrain:
Bus type:
Scenario:
Bus availability
%
Additional vehicle requirement
%
Bus capex
€/bus
Bus lifetime
years
Powertrain overhaul capex
€/bus
Powertrain lifetime
years
Bus drivetrain maintenance €/year/bus
Diesel consumption l/100km
Electricity consumption kWh/100km
Hydrogen consumption kg/100km

Diesel hybrid
ICE
Single deck Single deck
Diesel ICE

Regular

Regular

0.95
165,000
12
4,125
6
10,000
37
-

0.95
250,000
12
6,250
6
15,000
30
-

Battery
electric
Single deck
Long-range
0.95
390,000
12
70,000
6
10,000
220
-

Battery
electric
Single deck
30% extra
vehicles
0.95
0.30
370,000
12
63,500
6
10,000
200
-

Fuel cell
electric
Single deck
Regular
0.95
430,000
12
50,000
6
15,000
6.5

Table 4 – Technology assumptions for different double deck bus technologies in 2023-2030
Diesel hybrid
Battery
Battery
Fuel cell
ICE
electric
electric
electric
Bus type: Double deck Double deck Double deck Double deck Double deck
30% extra
Scenario:
Regular
Regular Long-range
Regular
vehicles
%
0.95
0.95
0.95
0.95
0.95
%
0.30
€/bus
235,000
300,000
465,000
445,000
490,000
years
12
12
12
12
12
€/bus
5,875
7,500
70,000
63,500
50,000
years
6
6
6
6
6
€/year/bus
10,000
15,000
15,000
15,000
15,000
l/100km
43
34
kWh/100km
256
256
kg/100km
7.6
Powertrain:

Bus availability
Additional vehicle requirement
Bus capex
Bus lifetime
Powertrain overhaul capex
Powertrain lifetime
Bus drivetrain maintenance
Diesel consumption
Electricity consumption
Hydrogen consumption
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Figure 5 – TCO analysis for single deck bus technologies based on future targets for the mid-2020s

Figure 6 - TCO analysis for double deck bus technologies based on future targets for the mid-2020s

Applying the future targets to the TCO analysis significantly improves the economics of operating a
zero emission bus (see Figure 5 and Figure 6). A single deck fuel cell bus with a low hydrogen price
(€4/kg) represents the lowest cost zero emission bus technology, 2% cheaper than operating a ‘long
range’ battery electric bus and 55% cheaper than operating a standard range battery electric bus
with ‘30% more buses’. Furthermore, with a hydrogen price this low, the single deck fuel cell bus only
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has a small premium of €13,000/bus/year (16%) compared to operating an incumbent EURO VI
hybrid diesel bus.
It is important to emphasise the uncertainty in this analysis. The technical and economic assumptions
used are consistent with current expectations and industry trends but could be higher or lower in
reality. For example, in current demonstrations, single deck fuel cell buses show fuel consumption of
around 9 kg/100km and the bus industry expects to reduce this to 8 kg/100km for the next
generation of buses deployed under the JIVE project through improved powertrain integration and
hybridisation with optimised energy recovery systems. However, successful innovation could achieve
a significantly lower or higher fuel consumption.
The hydrogen price sensitivity analysis shows that at with a high price (€9/kg), the fuel costs are the
largest cost component of the TCO representing 39% compared to 34% for bus capital costs. This
suggests that if vehicle capital cost reductions can be achieved by the bus industry the cost of
hydrogen has the potential to become a show-stopper in the uptake of these vehicles. In particular
with a high effective hydrogen price (€9/kg), the hydrogen bus costs more than €20k per year
relative to the best case battery bus. This is likely to lead to very limited uptake in the market
The analysis therefore suggests that at the lower bound of the NewBusFuel hydrogen prices (€46/kg), there appears to be a considerable potential for the technology, particularly on routes where
diesel buses are banned and hence the competition is with electric buses. This competition is likely to
be particularly attractive for hydrogen vehicles on longer range routes or routes using heavier
vehicles (double deck or articulated), where the inherent energy density of batteries is likely to make
the operation of battery electric buses challenging.
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3. Fuel cell bus project cash flow analysis
A cash flow analysis has been developed to illustrate the total cost of deploying a fleet of 150 fuel cell
buses with a gradual introduction of vehicles over time based on the UK costs presented previously.
The project starts in 2017 with an initial deployment of 10 vehicles and ends in 2036 once all vehicles
have been retired at the end of their lifetime. The vehicle ramp-up adopted in this analysis involves
deployments of 10, 20, 40 and 80 buses in 2017, 2019, 2022 and 2025 (see Figure 7). The four
deployments are illustrated in the cash flow by years with large capital expenditure. A six year stack
lifetime has been assumed, requiring one stack replacement per bus within a 12 year vehicle lifetime
which contributes to capital expenditure in non-deployment years.

Figure 7 - Bus fleet size variation throughout project lifetime

Similar to the TCO analysis, two sets of technical and economic assumptions have been used for two
periods 2017-2022 and 2023-2036 (see Table 1, Table 2, Table 3 and Table 4). The assumed hydrogen
price decreases from €6/kg to €4/kg in 2023 to represent the lower bound price target being
achieved by all infrastructure suppliers in the mid-2020s.
The cash flow analysis illustrates a total project cost of €356 million for owning and operating a fleet
of 150 single deck fuel cell buses (see Figure 8). For comparison, a cash flow has been developed for an
analogous project involving the step-wise deployment of 150 diesel buses with a total project cost of
€308 million suggesting that an additional €48 million (16%) would be needed to justify a fuel cell bus
project. Using the post-2022 costs from the start of the project, this premium is reduced to €25
million. Furthermore, a cash flow for 195 battery electric buses (i.e. 150 buses + 30%) has been
calculated and shows a total project cost of €429 million, €73 million more than the equivalent fuel
cell bus project.
For comparison, a double deck fuel cell bus project with a fleet size of 150 vehicles would cost €372
million with a €49 million funding shortfall (15%) compared to an equivalent diesel bus project but

Grant agreement no.

16/29

March 2017

D3.8 – Business cases to support FC bus commercialisation

€92 million saving compared to deploying a fleet of 195 battery electric buses with limited driving
range.
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Figure 8 – Cash flow for the deployment of 150 single deck diesel hybrid buses (top) and 150 single deck fuel cell buses (middle) and 150
single deck battery electric buses (bottom)
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Figure 9 - Cash flow for the deployment of 150 double deck diesel hybrid buses (top) and 150 double deck fuel cell buses (middle) and
150 double deck battery electric buses (bottom)
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4. Zero emission bus market sizing
Today, there are 109 fuel cell electric buses operating on commercial bus routes around the world
and over 300 additional vehicles planned for deployment in Europe, and 700 globally, over the next
few years.7 The TCO analysis shown implies that for the UK market fuel cell electric buses can
compete with other powertrain technologies in environmentally sensitive markets and where the
hydrogen price can fall below €6/kg. In the short-term (pre 2020), uptake for buses, and hydrogen
fuel for fuel cell buses, will be from early adopter bus operators supported by enthusiastic local and
national governments and some additional subsidy is likely to be required. Longer term (post 2020),
the market will transition to addressing cities with zero emission zones in dense urban centres,
where battery and fuel cell buses will be the only options for new bus deployment.
As an example, in the UK, the Mayor of London’s strategy for improving air quality by 2025 includes
the implementation of an ultra-low emission zone before 2020. As part of the Mayor’s ambitious
plan, all 300 single deck buses must to be zero emission before 2020, and all 3,100 double deck buses
must be at least hybrid by 2019. London has the largest bus fleet in Europe so these targets are likely
to influence the availability of zero emission buses, and their fuel. The Mayor has an aspiration to
ensure all new buses are zero emission from 2025, in line with other leading European cities, but has
not yet seen enough evidence of the technology’s ability to deliver, particularly for zero emission
buses.
Elsewhere in the UK, the Department for Environment, Food & Rural Affairs (DEFRA) identified the
five cities with the poorest air quality in 2015 and announced that Birmingham, Leeds, Nottingham,
Derby and Southampton must introduce a Clean Air Zone (CAZ) by 2020. In the same year,
Birmingham’s transport authority commissioned the West Midlands Low Emission Bus Delivery Plan
and announced procurement of 20 fuel cell buses, demonstrating the regions commitment to
improving bus related air pollution.8 Across the UK, around 3,000 new buses are procured annually
with around three quarters deployed in either London or the five CAZ cities. Assuming the CAZ cities
implement similar zero emission policies to London, demand for new zero emission buses in the UK
could reach 1,000 buses per year by the mid-2020s.

7

“Fuel cell electric buses: a proven zero emission solution. Key facts, results, recommendations”
(CHIC, 2016)
8
“West Midlands Low Emission Bus Delivery Plan” (Element Energy, 2016)
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Appetite for low emission buses is also growing across Europe, driven by bold announcements from
major cities. For example, Hamburg announced they will procure only zero emission buses from
2020, and Paris, Madrid and Amsterdam will phase out all diesel buses by 2025. Analysis suggests
that 50 low or zero emission zones could be in place across Europe with diesel buses banned by
2020.9 Assuming the 50 most populated European cities have the poorest air quality and therefore
the strongest driver for banning diesel buses, demand for zero emission buses in Europe could reach
10,000 new vehicles per year by the mid-2020s, which represents 20% of all new heavy duty bus
sales in Europe.10

Figure 10 - Annual new heavy-duty bus sales today and in the mid-2020s

Around the world, efforts to address poor air quality in dense urban areas are gaining momentum. In
2015, C40 launched the Clean Bus Declaration to demonstrate the level of global demand for low
emission buses and incentivise collaboration and sharing of data and experience. To-date, 26 cities
from 20 countries have signed the Clean Bus Declaration, representing 160,000 buses and a
commitment to procure 42,000 low emission buses by 2020. Furthermore, recent analysis has found
that annual global sales of hybrid and electric buses are expected to exceed 52,000 buses by 2025
representing 12% of annual global sales of all heavy-duty buses.11 It is reasonable to expect these

9

“Global Heavy-Duty (HD) Transit Bus Market, Forecast to 2022” (Frost & Sullivan, 2016)
Assumes a population of 148 million from the 50 most populated cities in Europe, an average bus
fleet density of 1,500 citizens per transit bus, and that 10% of a bus fleet is renewed each year.
11
“Transportation Forecast: Medium and Heavy Duty Vehicles” (Navigant Research, 2016)
10
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commitments to transition to zero emission as soon as the technology is available and competitively
priced. Hence projections for a global market of over 50,000 zero emission buses per year by 2025.

Figure 11 - Estimated size of the zero emission heavy-duty bus market by the mid-2020s

Hydrogen will compete with batteries for these markets. As described above, if the fuel cell bus can
compete on economic and environmental attributes, the operational benefits can be expected to
lead to a dominance in the market. Therefore, in the early years, we can expect the battery bus to
dominate due to its increased maturity, but also expect this market share to be progressively eroded
by the hydrogen bus. It is not unreasonable to suggest that up to 20% of the zero emission bus
market could be fuelled by hydrogen by 2025 (this implies up to 10,000 new fuel cell buses per year).
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5. Implementation of a fuel cell bus project
Based on the analysis above and as part of the main NewBusFuel analysis, the characteristics of a
“next generation” hydrogen bus project can be defined:


Scale is essential – in order to achieve economically feasible costs of hydrogen demands
ideally above 50 buses are required once the full complement of buses has arrived.



The size of the initial deployment of vehicles must be sufficient – if the first batch of vehicles
which are deployed alongside a given station is insufficient, the economics of the station are
prohibitively expensive. Furthermore, the equipment sized for smaller demand is not
appropriate for subsequent modular expansion. Therefore an initial ramp of 20-30 buses can
be expected, followed by successive orders to increase capacity.



These successive orders would ideally be synchronised with modular expansion of the
refuelling facility.

The demand for this business case is only created once a series of technical and economic milestones
are achieved by the fuel cell bus supply industry:


Reductions in bus fuel consumption from circa 9kg/100km today to (ideally) below
7kg/100km for a 12m bus.



Reductions in the bus capital price from the €650,000 available in large procurements today
to below €500,000.



Reductions in the cost of replacement equipment and maintenance of fuel cell systems. This
is expected to be achieved by ensuring sufficient scale at maintenance depots.

The earliest these milestones are expected to be achieved is 2020-2022, following the deployments
which are expected under the JIVE programs.
Given the amount of time required to develop and then deploy hydrogen projects, these projects will
need to be developed before 2020. It is therefore necessary to begin preparing the business case for
investment in projects at this scale. The components of a successful business case will require:


Committed local partners – in particular an operator willing to make the investment of time
to make the project happen and a willing political administrations able to provide their
support for the scheme.
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A realistic expectation of the ramp-up in deployment of buses at a given depot through time
and a plan for deploying modular refuelling infrastructure to cope with this demand. This
plan will need to also consider the source of hydrogen and in order to be truly attractive to
operators should look to use the scale of demand to enable low cost production of hydrogen
and with as green as possible a source of primary energy.



Clear articulation of expected prices of buses (opex and capex) and hydrogen for a given
expectation in ramping of demand for the vehicles – this will require a level of transparency
from bus OEMs about future prices which is not currently available.



A plan for any public funding which is needed to increase the attractiveness of deployment –
this will require new funding mechanisms to be accessed, as the subsidies currently used
(notably the FCH JU) will not be of a sufficient scale to support schemes of this type. At a
European level the Connecting Energy Facility offers the scale needed for projects of this
type. In addition, new national and even regional schemes may be required. Enabling these
schemes will require considerable discussions with national and local political decision
makers as part of the process of implementing the scheme. These discussions are facilitated
by ensuring a group of committed stakeholders declare their readiness to implement
projects of this type and also by presenting a clear and committed plan.



Consideration of the financing of components – if the buses could be offered on a leased
basis and the hydrogen on a per kg basis, this will increase the attractiveness to bus
operators/cities. As a result, early consideration of the financing options is recommended,
including the use of public finance before private banks are prepared to accept the risks of
this new technology.

Each of these activities will require considerable local work in order to present a plausible and
investable case for these next generation deployments. The sooner this work starts the better, as
particularly for the first movers, there will be numerous hurdles for each of the elements
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6. Conclusions
Bus operators have consistently stated that the technical advantages of a fuel cell bus (equivalent
driving range and refuelling time to a conventional diesel bus) are superior to other zero emission
technologies. However, a number of technical and economic challenges must be resolved before
larger fuel cell bus deployments can be justified.
The UK based TCO analysis illustrates that with current state-of-the-art bus costs and a hydrogen
price in the €4-6/kg range, owning and operating a fuel cell bus has at least a 15% premium
compared to operating a battery electric bus with equivalent range. However, with bus industry
projections on reductions in bus capital costs through scale, innovation and standardisation, driven
by joint procurement initiatives, fuel cell buses can become the cheapest zero emission bus
technology to own and operate by the mid-2020s. At this point, there would only be a small premium
compared to a diesel bus. Given that a) many markets will require zero emission buses only in the
2020s and b) that operators express a preference for the ease of operation of a hydrogen vehicle,
this would lead to a considerable market for the technology. The market is best suited to heavier
buses where EVs struggle to compete. Therefore bus suppliers should prioritise the development of
double deck and articulated fuel cell buses.
In order for this business case to work at scale, three improvements are needed:
1. Lower bus prices – increasing vehicle uptake to many hundreds to thousands per year.
Current single deck capital costs are around €650,00012, but must be further reduced to
below €400,000 per bus for the mass market potential to be achieved. Manufacturers
explain that this will not occur before 2020 and will require a sustained market of 100’s of
units per year (for each manufacturer). In addition, other costs such as the cost of
maintenance and parts replacement will also need to reduce – this can be achieved through
improvements in component costs (again with scale) and also by deploying buses in larger
fleets which allow more investment in the in-depot maintenance system (ideally >50 buses).
2. Bus efficiencies – the TCO analysis assumes an improvement in the single deck efficiency
from 9 to 6.5kg/100km. this is believed feasible but challenging and will require new

12

Anticipated price through the JIVE project

Grant agreement no.

25/29

March 2017

D3.8 – Business cases to support FC bus commercialisation

attention to optimising the efficiency of the drivetrain, the fuel cell itself and also making
best use of the fuel cell to provide the hotel loads on the bus (particularly heating).
3. Low hydrogen prices – prices below €6/kg are required. The NewBusFuel analysis suggests
this can be achieved using large-scale production and dispensing equipment (circa 50 buses
minimum) and prioritisation of locations where energy prices are low enough to facilitate the
lower hydrogen prices. This further emphasises the need for operators to initiate projects
with enough vehicles to allow the station to work and then aim for larger batched roll-out of
vehicle in the following years.
The need to deploy large batches of vehicles in a single fleet has implications for the way in which
routes are procured and buses are procured for those routes. Ideally, a concession based model at a
depot level is needed so that a public commitment to make a depot start the transition to H2 can be
implemented. This needs more work to establish the ideal business models and ownership structures
for rolling out vehicles and will also vary country by country, given the different structures for owning
and operating buses across Europe.
It is clear that in the short to medium term, fuel cell bus fleets will need to be supported with
external funding. Multiple European bodies exist to provide financing solutions for large-scale
infrastructure + fleet projects which would characterise the next logical step in the deployment. It is
recommended that the fuel cell bus sector starts to work on ambitious projects at the scale needed
to unlock the post-2020 business models, making use of these large infrastructure schemes to
support the deployment.
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7. Annex
Assumptions and costs used in the TCO and cash flow analysis.
Charging infrastructure assumptions costs:

Fuel type:
Dispensing capacity kg/day
Infrastructure capex (overall)
€
Infrastructure capex (per bus)
€/bus
Infrastructure maintenance (overall)
€/year
Infrastructure maintenance (per bus) €/year/bus
Infrastructure lifetime
years

Electric
infrastructure
250,000
60,000
6,000
15

Bus fleet assumptions and costs:

Bus mileage
Bus regular maintenance
Driver salary
Additional driver salary
Depot overheads

Grant agreement no.

km/year
€/year/bus
€/year/bus
€/year/bus
€/year/bus

80,000
15,000
40,000
27,000
7,000
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Assumptions and costs for single deck buses (2017-2022):
Powertrain:
Bus type:
Scenario:
Bus availability
%
Additional vehicle requirement
%
Bus capex
€/bus
Bus lifetime
years
Powertrain overhaul capex
€/bus
Powertrain lifetime
years
Bus drivetrain maintenance €/year/bus
Diesel consumption l/100km
Electricity consumption kWh/100km
Hydrogen consumption kg/100km

Diesel hybrid
ICE
Single deck Single deck
Diesel ICE

Regular

Regular

0.95
165,000
12
4,125
6
10,000
37
-

0.95
250,000
12
6,250
6
15,000
30
-

Battery
electric
Single deck
Long-range
0.90
520,000
12
87,500
6
15,000
220
-

Battery
electric
Single deck
30% extra
vehicles
0.90
0.30
480,000
12
87,500
6
15,000
200
-

Fuel cell
electric
Single deck

Battery
electric
Single deck
30% extra
vehicles
0.95
0.30
370,000
12
63,500
6
10,000
200
-

Fuel cell
electric
Single deck

Regular
0.90
610,000
12
62,500
6
30,000
8.0

Assumptions and costs for single deck buses (2023-2030):
Powertrain:
Bus type:
Scenario:
Bus availability
%
Additional vehicle requirement
%
Bus capex
€/bus
Bus lifetime
years
Powertrain overhaul capex
€/bus
Powertrain lifetime
years
Bus drivetrain maintenance €/year/bus
Diesel consumption l/100km
Electricity consumption kWh/100km
Hydrogen consumption kg/100km

Grant agreement no.

Diesel hybrid
ICE
Single deck Single deck
Diesel ICE

Regular

Regular

0.95
165,000
12
4,125
6
10,000
37
-

0.95
250,000
12
6,250
6
15,000
30
-
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electric
Single deck
Long-range
0.95
390,000
12
70,000
6
10,000
220
-

Regular
0.95
430,000
12
50,000
6
15,000
6.5
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Assumptions and costs for double deck buses (2017-2022):
Diesel hybrid
Battery
Battery
Fuel cell
ICE
electric
electric
electric
Bus type: Double deck Double deck Double deck Double deck Double deck
30% extra
Scenario:
Regular
Regular Long-range
Regular
vehicles
%
0.95
0.95
0.90
0.90
0.90
%
0.30
€/bus
235,000
300,000
595,000
555,000
670,000
years
12
12
12
12
12
€/bus
5,875
7,500
87,500
87,500
62,500
years
6
6
6
6
6
€/year/bus
10,000
15,000
15,000
15,000
30,000
l/100km
43
34
kWh/100km
256
256
kg/100km
9.3
Powertrain:

Bus availability
Additional vehicle requirement
Bus capex
Bus lifetime
Powertrain overhaul capex
Powertrain lifetime
Bus drivetrain maintenance
Diesel consumption
Electricity consumption
Hydrogen consumption

Diesel ICE

Assumptions and costs for double deck buses (2023-2030):
Diesel hybrid
Battery
Battery
Fuel cell
ICE
electric
electric
electric
Bus type: Double deck Double deck Double deck Double deck Double deck
30% extra
Scenario:
Regular
Regular Long-range
Regular
vehicles
%
0.95
0.95
0.95
0.95
0.95
%
0.30
€/bus
235,000
300,000
465,000
445,000
490,000
years
12
12
12
12
12
€/bus
5,875
7,500
70,000
63,500
50,000
years
6
6
6
6
6
€/year/bus
10,000
15,000
15,000
15,000
15,000
l/100km
43
34
kWh/100km
256
256
kg/100km
7.6
Powertrain:

Bus availability
Additional vehicle requirement
Bus capex
Bus lifetime
Powertrain overhaul capex
Powertrain lifetime
Bus drivetrain maintenance
Diesel consumption
Electricity consumption
Hydrogen consumption
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