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Executive Summary
Background for the analysis and future activities scheduled
This document provides an analysis of the European supply chain for Fuel Cell micro CHP systems (FC
mCHP). It is based on information available from recent international demonstration programmes
and from bilateral dialogues with key industry stakeholders within and outside the ene.field project.
The study provides an evaluation of the maturity, competition and standardisation levels of the FC
mCHP industry in Europe as well as an analysis of the barriers and opportunities for the
development of the supply chain. Finally, it also proposes some recommendations.
Evaluation of maturity, competition and standardisation levels of the FC mCHP supply
chain for residential applications in Europe
The main challenges encountered by the FC mCHP supply chain today are associated with
requirements to:
• Prove performances and durability through demonstrations in real-world conditions;
• Increase production volume and reduce costs of the systems;
• Reduce system complexity and the components’ costs to reduce the price of the final product.
The main limiting factor identified in the development of the supply chain is the production volume.
In Europe, a limited number of units have been deployed to-date and mainly in Germany. The
European market needs to significantly increase the production volume to achieve cost reduction as
seen in the Japanese programme ENE-FARM which has managed to reduce costs of the systems by
an estimated 25% between 2010 and 2012 through the installation of ~20,000 units [1]. It is
estimated that a minimum of 1,000 units per year per manufacturer would be necessary to achieve
cost reduction of 10 to 20% when compared to the current production cost. Additional cost
reduction would require a deployment of between 4,000 to 10,000 units per year per manufacturer.
These levels of production are not expected to be achieved within the next 5 years under current
planning (current estimated production volume for the coming 4 years across all the European
manufacturers is 500 units per year [2]).
Collaborative and standardisation efforts could also help reduce cost through economies of scale
and better sourcing strategies placing the FC mCHP suppliers in stronger position for commercial
discussions. However, efforts to-date have been limited due to anti-trust concerns and mismatches
in the priority areas and short term investment needs of the different players.
Contrariwise, competition between components’ suppliers is critical to encourage cost reduction.
However, the currently fragmented FC supply chain and low production volume send a negative
signal to the market’s stakeholders and do not encourage cost lowering through competitive
behaviours. The FC mCHP manufacturers currently collaborate closely with a small group of
component suppliers to develop parts that meet the requirements of their systems which does not
encourage a competitive market or the entry of new players.
Barriers and opportunities for the development of the FC mCHP supply chain
The main opportunities for cost reductions can be regrouped into 3 main areas of work: increase in
volume, system simplification and development of collaborative strategies between key players.
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Table 1: Potential for cost reduction and synergies for development by component

Parts

Possible improvements for cost reductions

Potential synergies for development

MEA / Stack

•

Stack degradation / material used for
catalyst: reducing or replacing expensive
material for catalyst, lowering membrane
cost, increasing power density, develop
sulphur resistant electrolyte etc.
Standardisation/material improvements of
stack parts (bipolar plates/interconnects,
sealing, etc.).
Develop high performance catalysts stable
at high temperatures for HTPEM.
Improve durability and cycling capability
for SOFCs.
Improve methods for final inspection of
MEAs for defects prior to assembly in
stack.
Opportunity for increased automation.

•

Fuel efficient tactical fuel processors for
desulfurized fuels.
Desulfurization cartridge.
Optimise fuel processor configuration and
process parameters.

•
•

•

•
•
•

•

•

•

•

Develop common research programmes
in partnership with universities on key
issues: stack degradation, material used
for catalyst, lowering membrane cost,
optimization of bipolar plates /
interconnects, sealing, stack-materials.
Develop manufacturing process for
industry and publicise findings (e.g trisintering, fully automated
cathode/barrier layer spraying).
Develop common stack across OEMs. As
done by car manufacturers such as
Toyota/BMW and Daimler/Ford/RenaultNissan who develop a common stack.
Standardisation of bipolar plates and
electrodes across industry.

Fuel
processing
equip.

•

Cooling
systems

•

Reduce complexity.

No potential synergies identified.

BoP

•
•
•

Optimise design of BoP/reduce complexity. •
Use liquid metering pumps.
•
Protecting coatings for metallic parts.

Standardisation.
Use standards developed by Japanese
manufacturers.

Power
electronics

•

Investigate durability.

•
•

Specify inverter.
Develop common inverter / standard.

Heat
exchangers

•

Greater efficiencies/maximise heat
recovery.

•
•

Standardisation.
Develop common reformer.

No potential synergies identified.

The sector is aware of the opportunities around these components but is facing some major
challenges in adopting strategies to help developing the supply chain to a more mature state. An
increase in the production volume will require additional support to bring the technology to a
commercially ready solution. Systems manufacturers are now in the most critical period of the
deployment of the technology and require political and financial backing. Strong political support
and additional funding, as seen in Japan, will be required in the coming years for the technology to
enter the next stage of deployment. Collaborative strategies could accelerate supply chain
development and cost reduction, but have had limited success up to date. Several factors can
explain this lack of success:
 The challenges to overcome competitive attitudes between FC mCHP manufacturers.
 The variety of technologies developed for FC mCHP applications.
 Collaborative R&D activities are dependent on each organisations‘ timeframe.
 The benefit of allocating resources for these types of activity can be difficult to justify.
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1. Introduction
Analysis focus and technologies studied
This document provides an analysis of the European supply chain for Fuel Cell micro CHP systems. It
evaluates the levels of maturity, competition and standardisation of today’s FC mCHP in Europe and
analyses the barriers and opportunities for the development of the current and future FC mCHP
supply chain. Finally, it also proposes some recommendations for its future development.
There are different types of fuel cells that can be used with CHP applications. Two fuel cell
technologies are mainly used for residential micro generation applications in the range studied:
• Polymer Electrolyte Membrane Fuel Cells (LT PEM FC and HT PEM FC)
• Solid Oxide Fuel Cells (IT SOFC and HT SOFC)
Each of the technologies has its advantages and limits, and will be trialled in ene.field.

1.1.Background and focus for the study
The consortium for the ene.field project was formed to respond to the call issued as part of the 2011
Fuel Cells and Hydrogen Joint Undertaking (FCH JU) annual implementation plan. The call SP1-JTIFCH.2011.3.7 ‘Field demonstration of small stationary fuel cell systems for residential and
commercial applications’ specified that the project should:
• Help building the supply chain and support activities for complete systems; and;
• Provide a proof of suitable supply chain.
ene.field was formed with a view to achieving a significant step in the volume deployment of fuel
cell micro-CHP in Europe and to contribute towards the commercialisation of the technology in
general. As part of the project, several socio-economic and technical analyses will be carried out to
understand the mechanisms necessary to support the commercialisation of domestic mCHP across
Europe. The state of development of the supply chain and its capacity to meet the demands of a
growing microCHP market are critical to the success of the technology. With a view to understand
better the state of the FC mCHP supply chain and potential issues for its future expansion to match
the market projections, this report will analyse:
Section 1: The current status of the FC mCHP supply chain by providing an outlook of the current
structure of the FC mCHP sector, including an analysis of its strengths and weaknesses.
Section 2: The current maturity level of the FC mCHP supply chain focusing on development and
production, competition and standardisation.
Section 3: The supply chain issues related to product manufacturing will be analysed with a focus on
the dynamics that could stimulate cost reduction and lead to increased maturity and resilience. In
particular the analysis will consider the following aspects:
• Opportunities for synergistic development of key components to tackle common challenges
shared by the manufacturers;
• Synergies in procurement which might allow component suppliers to move to lower cost higher
volume production processes, by pooling demand for components;
• Potential pinch points in the supply chain where component suppliers may create bottlenecks in
the expansion of the supply chain due to an inability to expand production sufficiently rapidly.
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Section 4: The report will provide recommendations to overcome the bottlenecks identified and
encourage synergies between manufacturers in developing and procuring FC mCHP components.

1.2.Methodology for the analysis
This task was led by Element Energy and involved close collaboration with each of the fuel cell mCHP
manufacturers and system integrators involved in the ene.field project. Element Energy contacted
each of the manufacturers bilaterally to develop an understanding of the supply chain issues they
face at the present time and will face in the future. A questionnaire was developed to support the
discussion which included elements of analysis of the following aspects1:
A.

B.

C.

Conceptualisation of supply chain steps, activities of stakeholders and level of development
a.
Conceptualisation of the supply and value chain
b.
Maturity, competition and standardisation of the supply chain
Listing of key components, their origins and associated costs
a.
Components and suppliers overview
b.
Cost structure and possible improvements
Manufacturing bottlenecks, potential synergies and supply chain ramp-up
a.
Volume & automation driven improvements
b.
Supply chain management

The findings from these bilateral calls were later aggregated and anonymised to ensure that
confidentiality on key commercially sensitive aspects could be respected and that no data or
information could be traced back to a specific manufacturer or system provider. The aggregated
outcomes of the questionnaires were discussed during a workshop which included representatives
of all the FC mCHP manufacturers involved in ene.field. These outcomes were discussed with the aim
of assessing the timescales and implications of a scale up in manufacturing of the components and
raw materials and to analyse potential pinch points and opportunities for synergies and cooperation.
In addition to the above, the analysis was also supported by desk research and literature review to
build a database on the European FC mCHP supply chain sector. This research was conducted to
gather additional information not only on systems integrators and components manufacturers
participating or linked to the ene.field project but also others involved in the European supply chain.
The analysis of the European supply chain for FC mCHP has been sub-divided into two main phases:
manufacturing and field support. The field support analysis is being covered within a separate work
stream in the ene.field project (Task 3.1 – Review of Field Support Arrangements). This report
therefore is focussed on the manufacturing stage, including to some degree the sourcing of
components as illustrated in Figure 1.

1

The full interview script is provided in the Appendix section.
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Figure 1: Analysis focus for supply chain study in ene.field

1.3.Overview of the main FC mCHP technologies for residential
applications
The analysis of the European FC mCHP supply chain was accomplished by analysing representative
PEMFC and SOFC mCHP systems in the range 0.3 - 5kW electrical output in residential buildings, the
range relevant to the ene.field project.
In a FC mCHP system, the electricity is generated by the fuel cell, which transforms the chemical
energy in the fuel into electricity via an electrochemical process. Heat, generated as a by-product of
the conversion, is collected and used to meet thermal loads within the building. There are different
types of fuel cells that can be used within CHP applications. Two fuel cell technologies are mainly
used for residential micro generation applications in the range studied:
• Polymer Electrolyte Membrane Fuel Cells (PEMFC)
• Solid Oxide Fuel Cells (SOFC)
The main characteristics of these two technologies and their differences are described in Table 2.
Table 2: main characteristics of SOFC and PEM systems [4]

SOFC

PEMFC

Cell

Ceramic based

Carbon based

Temperature



600 – 1000 .C

High reaction rates can be achieved without

expensive catalysts.
Complex cooling system is required.


70 – 110 .C
Slow reaction rates due to low
temperature.
Use sophisticated catalysts and electrodes.

Catalyst



Nickel

Fuel
reforming



No external fuel reformer or purification 
system required, only a desulfurizer.
Natural gas can be used directly.




Other
characteristics
-




Complex thermal management and high demand on seals and BOP components (due
to high temperature).
Tubular or planar geometry.

Platinum
Fuel reformer required to convert natural
gas (or potentially other fuels) to hydrogen.
Pure hydrogen must be used to avoid
platinum dissolution and carbon-support
corrosion (CO poisoning).
Complex fuel processing equipment.
HT PEM (160-180.C) show better resilience
to fuel impurities.
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These two types of fuel cell technologies can be subdivided into the following sub-categories:
a)
Low temperature PEM (LT PEM FC)
b)
High temperature PEM (HT PEM FC)
c)
Solid oxide fuel cells with intermediate temperature (IT SOFC) and
d)
Solid oxide fuel cells with high temperature (HTSOFC)
Each of these technologies will be trialled in ene.field. The particular advantages and limitations of
each technology are briefly discussed below:
LTPEMFC has the longest track-record of development and the most installations in the field to date.
The stack and component supply chain is the most advanced, with manufacturers in Japan, America
and Asia. Due to the low temperature of operation, LTPMFC will be better suited to homes with low
temperature heating systems. The main disadvantage of LTPEMFC is the need for a complex natural
gas reformer and gas cleaning subsystem, to generate a high purity reformate for use in the PEM
stacks. This adds cost and complexity to the system.
HTPEMFC has the advantage that heat can be obtained at a convenient temperature level (between
160 and 180 degrees C), which allows easy integration into existing heat distribution systems. Also
system complexity is lower, reducing costs and failure rates. A disadvantage of HTPEMFC is a small
supply base for HTPEM Membrane Electrode Assemblies (MEAs) and a lower life time of those
membranes due to the harsher operating environment. With more serial production this issue could
be overcome.
Planar SOFC is seen as a technology for households with a steady consumption of heat. SOFC
systems are the least complex appliances. With current generation products, degradation of SOFC
stacks is less of a problem, but rapid stop/start cycling is an issue which must be managed. Also costs
of stack materials are high due to small volume production.
Table 3: Main FC mCHP systems currently developed or under development (systems not displayed to scale)

2

Baxi Innotech (LT
PEMFC)

Viessman /
Panasonic
(PEMFC)

Dantherm Power
(LT PEMFC)

Hexis (SOFC)

SOFCPower
(IT SOFC)

IRD (PEM)

N/A

Elcore
(HT PEMFC)

RBZ
(LT PEMFC)

Bosch Thermotechnik
(SOFC)

Vaillant
(SOFC)

CFCL
(SOFC)

IE-CHP
(PEM)

2

Source: ene.field project, http://panasonic.co.jp/corp/news/official.data/data.dir/2013/09/en130910-4/en130910-4.html,
http://www.bluegen.info, http://www.treehugger.com/clean-technology/hydrogen-community-lolland-the-future-is-here.html
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1.4.Architecture of systems and list of components
For this analysis, both SOFC and PEMFC systems will be analysed using a list of common components
as described in Table 4 below. The components of the systems have been grouped in sub-system
categories to facilitate the analysis.
Table 4: Typical components of a FC mCHP system

Components
MEA and FC stack sub-system

Comments

Membrane electrode Assembly (MEA) / cells.

Converts hydrogen and oxygen to water with
the production of electricity and heat

Other FC stack components (bi-polar plate,
interconnectors, seals, gas diffusion layer (GDL),
catalysts.

Same as above.

Other sub-systems
Fuel processing equipment (reformer and reformer
components: catalysts/absorbent agents, reactor/gas
burner, fuel pump; desulfurizer).
Cooling systems / air blower.

Converts natural gas to hydrogen and CO.
External for PEMFC and internal for SOFC

Extract heat from the stack and maintain air
supply
Power electronics / inverter / Controls (touch-screen LCD Converts low voltage DC to AC with export
interface, rote control system, smart-meter).
ability / Tools for controlling the system during
operation.
Heat exchangers.
Transfers waste heat from the exhaust and
coolant loops to an ext. system.
Balance of Plant (BoP) (Pumps, compressors, valves,
Control stack environment and control flow of
filters, humidifiers).
reactants and products
Auxiliary boiler and water tank.
Supply peak heat demand. Often integrated to
system.

Figure 2 below shows a schematic representation of an SOFC-based microCHP system. The core is
defined by the dotted rectangle. In this configuration, an Internal steam-Reforming (IR) is
considered. The reformer is shown separated from the fuel cell stack for clarity, but the reforming
reactions can take place directly on the cell anode (depending on the fraction of direct reforming
indicated by the individual manufacturers).
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Figure 2: Schematic representation of a SOFC-based microCHP system with Internal steamReforming (IR) [5].
PEM fuel cells, work at a lower temperature (around 60°C) than SOFC. For this reason, the general
layout of a PEMFC-based microCHP system is slightly different from that of an SOFC (Figure 3).

Figure 3: Schematic representation of a PEMFC-based microCHP system [5].

12

European Fuel Cell mCHP supply chain analysis

2. Overview of the European Fuel Cell mCHP supply chain for
residential applications
Understand the supply chain and the fuel cell market today
FC mCHP systems are still in the early phases of development relative to other low carbon
technologies evolving in the same market segment, even though the technology has been developed
since the 60s [6]. This has been partly due to technological challenges and partly due to the difficulty
of overcoming the barriers to commercialisation of new technologies, which requires volume
production and significant levels of deployment to overcome market inertia.
In order to bridge the gap between the trial and the market entry stages, the system developers are
focusing on deploying increased volumes of units to achieve scale effects to reduce costs and
overcome the point of greatest risk in the product commercialisation, such as for example:
• In Germany, with about 350 units installed as of 2013 as part of the Callux project.
• In Japan where over 55,000 units have been deployed as of 2014 mainly through the ENE-FARM
project.
The value chain for FC mCHP can be subdivided into four main categories of activity:
• The development and manufacturer of components or subsystems. The fuel cell stack subsystem should be differentiated to the other sub-components.
• The assembly of the components into sub-systems and the sub-systems into the final products.
• The delivery and distribution to retailers for sales.
• Operation and maintenance of units in the field.
The main players in the value chain are the FC mCHP manufacturers who organise the integration of
the activities. They can be involved to various degrees across all categories of activity but have, in
general, a focus on assembly of the final products and delivery and distribution. They follow a wide
variety of strategies with various degrees of vertical and horizontal integration in relation with inhouse knowledge, level of development of their system as well as their cost reduction strategies.
The rest of the value chain involves a larger number of stakeholders. These firms provide highly
specialised components (e.g. reformers) or services (e.g. testing) and therefore have very specific
activities and roles in the supply chain.

2.1.Introduction to the small fuel cell stationary applications market
FC mCHP systems are designed for single and multi-dwellings or small commercial buildings. They
can directly replace traditional heating systems, providing power and heating to the buildings, or
they can be installed in addition to the existing heating system. It is estimated that with favourable
policy support, the technology could potentially replace 30% of the 91 million gas boilers and water
heaters in the EU by 20253.
As one of the low carbon technologies targeting households to meet energy and carbon savings
objectives, they directly compete with technologies such as solar thermal, heat pumps and biomass
boilers. Relative to solar thermal and heat pumps systems, FC mCHP systems are still in the early
phases of development. To reach market introduction level, cost and performance improvements
are required, in order to become competitive with conventional and other low carbon technologies.

3

See for example http://www.eurima.org/uploads/pdf/puttingHouseInOrder/ecofys_repoft_final_160204.pdf
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The fuel cell technology has been developed for residential applications since the 60s [6] but still has
not fully reached the market introduction stage. This has been partly due to technological challenges
and partly due to the inevitable difficulty of overcoming the barriers to commercialisation of new
technologies, which requires volume production and significant levels of deployment to overcome
market inertia. M.Haug and H-J Neef describe the market introduction process in which the
technology is now entering as a non-linear process, involving the following successive and
overlapping steps [4]:
• Deployment and evaluation steps with feedback into RD&D to prove technology readiness;
• Development of production technologies for volume manufacturing;
• Development, adoption, and adjustments to incentives and regulatory measures;
• Campaigns to achieve consumer acceptance followed by sales and marketing efforts; and;
• Industrial investment in production facilities, infrastructure and service.
A number of European manufacturers have now reached the point where the technical challenges of
residential fuel cell micro-CHP are resolved in small field trials and the scale up towards mass
manufacture can begin. The phase leading towards the commercialisation of a new technology is
critical as rapid cost reduction and volume increase are required to overcome the financial risks
related to the deployment of a new technology to the market. This situation is not specific to the FC
mCHP supply chain and the difficulties of crossing the so-called “valley of death” are often
mentioned when describing the uptake of new technologies.
Figure 4 below describes the pathway towards the commercialisation of FC mCHP and the main
levers that would result in progresses either in terms of increased volume or reduced costs.

Figure 4: Relation between costs (blue) and production volume (red) and main levers associated different phases of
progress

In order to bridge the gap between the trial and the market entry stages, the system developers are
focusing on deploying large volumes of units to achieve scale effects to reduce costs and overcome
the point of greatest risk in the product commercialisation. Deployment of units has been
substantial in three countries up to date: Japan, South Korea and Germany, where the technology is
supported by national programmes and the strong presence of heating system developers:
• In Germany, with about 350 units installed as of 2013, the Callux project is leading the way for
FC mCHP applications for residential buildings in Europe.
14
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•

Outside Europe, about 60,000 units have been deployed cumulatively since 2002; mainly in
Japan where over 55,000 commercial units have been deployed mainly through the ENE-FARM
project which started in 2009 [1]. South Korea has also deployed CHP units for residential use.

In these three cases, the rollout of the technology is still heavily reliant upon government subsidies.
The success of the ENE-FARM project has for example been strongly linked to the level of subsidies
and support provided by the Japanese Government4. It is expected that the systems deployed
through the ENE-FARM project will be commercially viable and subsidies-independent by 20155.

2.2.Value chain and outsourcing strategies
Collaboration with component suppliers
The sub-systems are assembled through various steps that help to describe the value chain. This
process is described below and illustrated in Figure 5. The value chain for FC mCHP includes the
manufacture, assembly and conditioning of the fuel cell stack, the main component of the system.
•
•
•
•

Step 1: Manufacture of components and, if relevant, conditioning and testing.
Step 2: Assembly of main sub-systems (e.g Stack assembly)
Step 3: Testing of Fuel Cell stack after assembly.
Step 4: Integration of all sub-systems (i.e fuel processing equipment, BoP etc.) and finalised
product.

Figure 5: Conceptualisation of integration steps of main systems components

The main players in the value chain are the FC mCHP manufacturers or system integrators. They can
be involved to various degrees across all categories of activity but have, in general, a focus on
assembly of the final products and delivery and distribution.
The rest of the value chain involves a larger number of stakeholders. Many of these firms provide
specialised components (e.g reformers) or services (e.g testing) and therefore have very specific
activities and roles in the supply chain.
A range of business strategies are being followed by the system integrators, involving varying
degrees of vertical and horizontal integration in relation to in-house knowledge, level of
development of their system as well as their cost reduction strategies. The typical strategies
4
5

See section 7.3 of this report for a detailed analysis of the ENE-FARM programme.
Ibid
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followed by the FC system manufacturer / integrator6 can be categorised into three main types, as
described below and in Figure 6:
• Fully integrated: Highly integrated model (vertical integration). The system integrator also
develops and manufactures all or most of the other key components of the system.
• System integrators (only): Focus on assembly. The system integrator assembles the final product
and outsources the manufacturing of all the components of the system.
• Systems’ integrators with specialised skills: Add-on models (moderate horizontal integration).
The system integrator assembles the final product and develops and manufactures one or
several of the other key components of the system (e.g reformer, inverter, heat exchanger).

Figure 6: Simplified strategies used by system integrators regarding manufacturing and sourcing of their systems’
components [2]

At present, most of the system developers in Europe are following either a fully integrated approach
or the add-on model with a similar proportion of manufacturers using each approach.
The reality is however more complex as key components are often developed through close
collaboration between the system manufacturers and the component manufacturers. In several
cases, the system manufacturer has developed a component and is now outsourcing its manufacture
to a supplier. This is either because this approach is more cost-effective or because the existing
components used for the FC mCHP product need to be specified to meet the requirements of the
system.
These arrangements are representative of a supply chain at its early stages of development as is the
case for the FC mCHP supply chain. As the market develops in the future, it is expected that the
system manufacturers / integrators will look at more conventional selling and marketing channels
and will very likely concentrate on the assembly and delivery activities while the manufacturing of
the components for sub-systems or even subsystems themselves will be outsourced as has been the
case in other supply chains (e.g condensing boiler, automotive industry etc.). This is because
outsourcing can be more cost effective when compared to in-house manufacturing. The FC stack
which is already outsourced by a high number of manufacturers as an entire sub-system, is a good
illustration of this. The stack suppliers manufacture and sell a higher number of stacks which allows
reduction of the overall price of the stack. This, in turn, makes it more cost effective for some
system manufacturers to outsource the FC stack than to produce and manufacture it in-house. In
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addition, a supplier may have a track-record in terms of performances and durability of their system,
which is critical for the credibility of the final product. The Canadian company Ballard actually
provides the stack to several European FC mCHP manufacturers as well as the Japanese
manufacturer Ebara.
The system manufacturers’ strategies will be determined by how cost-effectively component supply
can be outsourced and their own in-house capabilities. Thus, manufacturers following the “system
integrators (only)” strategy will typically be manufacturers with businesses focused on assembly and
delivery activities. They can develop some components (and can then be classified as “systems’
integrators with specialised skills”) either because the required parts are not available with the
required specifications or because they already manufacture these components for other heating
systems (e.g components for BoP). For this type of manufacturer, the FC mCHP system will be part
of a portfolio of technologies developed by the company and they will focus on assembly, sales and
distribution and outsource most of the components and sub-systems once the supply chain has
reach a good level of maturity.
On the contrary, the manufacturers following the “fully integrated” strategy will typically be
manufacturers for which the FC mCHP system is the main or only technology developed. The
company will for example develop and work intensively on the FC stacks and the other FC specific
related components (e.g . reformer, inverter, heat exchanger). Typical strategy in the future will be
to focus on technology knowledge around the FC stacks and eventually outsource some of the other
FC specific components.
Collaboration with utilities and energy companies
Gas utilities and energy companies have taken a close interest in micro-CHP technology, believing it
has the potential to:
• Secure usage of gas in the residential heating market;
• Help in meeting the growing energy efficient and low-carbon requirements of the regulators and
customers;
• Help with customer retention; and;
• Help with grid balancing issues by balancing supply and demand.
Consistent with these interests, the European gas utilities have been involved in the development of
fuel cell technology since the early days of the research activities and have entered various forms of
collaboration with fuel cell technology companies and Original Equipment Manufacturers (OEMs).
Their activities have included:
• Financial supports - as provided by Wingas and E.ON;
• Assisting in product development - as for example EWE has done with Ceramic Fuel Cell Limited
(CFCL);
• Supporting laboratory and field test – as for example GDF Suez and Dong Energy have done;
• Sales and installation support – as for example British Gas has done with Ceres Power [7];
• Supporting demonstration activities – as for example have done the German utilities EWE, MVV,
EnBW, VNG and E.ON who participated and provided resources throughout the Callux project.
These alliances can sometimes happen with energy companies and with component providers with
for example the partnership developed:
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•
•
•

In Denmark between Dantherm (system integrator), Danfoss (thermal management), Topsoe
Fuel Cell (Fuel cell stack) and Dong Energy (energy provider);
In Germany between Bruns (thermal management and appliances), CFCL (Fuel cell stack
specialist) and EWE (Energy provider);
In the UK between CFCL (Fuel cell stack specialist), Gledhill (thermal management and system
integrator) and E.ON (energy provider) [8].

2.3.Interaction with other related supply chains
Fuel cell related supply chain
As highlighted at the beginning of the section, fuel cell applications are numerous and varied,
ranging from transportation to stationary and portable power applications. These three segments
use different types of technologies depending on the requirements of the applications. The fuel cell
technologies most commonly used in different market segments are illustrated in Table 6.
Table 5: Fuel Cell technologies by applications

PEMFC
SOFC
AFC
DMFC
MCMF
PAFC

Transportation
X

Stationary small
X
X
X

X

Stationary large
X
X
X
X
X
X

Portable
X
X
X

PEMFC: Proton Exchange Membrane Fuel Cell; SOFC: Solid Oxide Fuel Cell; Alkaline Fuel Cell; MCFC: Molten
Carbonate Fuel Cells; DMFC: Direct Methanol Fuel Cell; AFC: PAFC: Phosphoric Acid Fuel Cells

While certain types of fuel cell technology are used across multiple sectors, the performance
requirements of end-use applications within these sectors are often quite different. As a result,
each segment follows its own strategy and some of the segments are far more developed than
others. For example, both small stationary fuel cell systems and fuel cell electric vehicles use PEM
fuel cells, however, the requirements for the two applications vary so much that far from being an
advantage for these two supply chains, they become competitive in terms of efforts deployed by the
suppliers to provided specified components for their end products. The stacks used for mCHP
applications range from 0.3 kW to 5 kW and focus on long lifetime and good degradation
performances, whereas those used for transport applications range from 50 kW to 100 kW and focus
on higher power density[6]. There is a risk that with the development of the automotive market for
fuel cell electric vehicles, components will be developed and specified for automotive applications
which could result in difficulties in sourcing components for FC mCHP suppliers. Similarly the
different applications for small and large-scale stationary fuel cells and the differing operating
environments experienced result in different requirements for, as examples, power density,
temperature of heat off-take, thermal rating and electrical rating of balance of plant components
and so on. This diversity of applications leads to differing focus for research and development
activities.
Some level of collaboration across the different segments of the fuel cell sector could nevertheless
be beneficial either at the component level or at the sector level. Collaboration with the automotive
industry would, for instance, be interesting on components such as gas diffusion layers and bipolar
plates as they use common technology. There is also potential for common stack technology across
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application sectors. Ballard stacks, for example, can be considered as an example of knowledge
exchange between the segments as the company produces fuel cell stacks both for transport and
stationary applications.
Heating system related supply chain
There is a wealth of experience of the traditional heating sector among the main players in the fuel
cell mCHP industry. Six of the main European heating system providers are actively involved in the
development of fuel cell mCHP applications: Baxi, Bosch, Dantherm, MTS (Ariston thermo Group)
Vaillant, and Viessman, Even though most of them focus on system integration activities rather than
stack development this means that they have large production capacity, very well-developed routes
to market and after-sales service networks that could be used as channels for fuel cell microCHP
technology as demand grows.
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3. Evaluation of maturity, competition and standardisation levels of
today’s FC mCHP in Europe
Understand the level of development of the fuel cell supply chain today
Production & deployment
The first FC mCHP suppliers in Europe to start developing the fuel cell technology for small stationary
applications started research activities in the early 90s. Yet, the technology has still not reached full
commercialisation today and further efforts to overcome technological challenges and get to a
significant volume production are required.
The number of systems in operation is a good indicator of the level of maturity of the supply chain as
higher production and installation volumes are the main factor leading to cost reductions. Over
60,000 mCHP systems have been sold worldwide but over 80% of these sales are from the Japanese
market giving strong indications of the level of development in Europe when compared to other
regions worldwide.
Standardisation
Significant efforts to align technologies and standards have been undertaken in Europe, in particular
in Germany where numerous mCHP manufacturers are based and where support programmes and
agencies (e.g NIP, NoW, IBZ and VDMA7) are in place but have had limited success up to date. This
limited success can be attributed to numerous factors but the differences in the technologies used
for the systems, the complexity in aligning manufacturers’ R&D programmes and the potential
challenge of competition laws are often mentioned as the main hurdles.
Competition
The number of players of the FC mCHP sector, and therefore competition, is still relatively limited.
This has a significant impact as suppliers are in a stronger position than the system integrators who
have a limited choice in the sourcing of the components for their systems. This limited competition
in the market typically leads to higher prices for the components and the overall systems.
The FC mCHP supply chain is still at its early stages of development. Common characteristics with
other supply chains at the same level of development can be observed. They are:
• Small volumes of production and sales;
• Final product with relatively high price, partly due to components with high costs and low
production volumes;
• Relatively few numbers of competitors in the market with uncertainties around future
development planning strategies;
• On-going product development and improvement (e.g design, technological, performances etc.);
and;
• Little standardisation activities.
These characteristics are strongly intertwined and will evolve as the supply chain reaches a more
mature point. These challenges should be analysed independently to each other in order to
understand what challenges are specific to the FC mCHP supply chain. To this aim, this analysis will
use three main indicators, described in Table 6.

7

NIP: National Innovation Programme, NoW: National Association for Fuel Cell and Hydrogen Technologies, IBZ: Fuel Cell Initiative, VDMA:
German Engineering Federation.
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Table 6: Three indicators used to describe the level of development of the FC mCHP supply chain
Indicators

Description

Production
&
deployment
Standardisation

Historical development. Number of systems developed, manufactured in
production line, tested and installed in real-world condition.
Alignment of technologies or standards for the systems components or systems
themselves. Collaborative efforts in general.
Number of players, geographical proximity of players, costs of components and
sub-systems

Competition

3.1.Production and deployment assessment
Historically, fuel cell systems have been developed for almost two centuries as they were discovered
in 1838-1839 by Schonbein and Grove [9] and research for has been on-going since the 1960s. The
use of fuel cell technology for mCHP applications has continuously evolved over the last decades
thanks to research and development activities of a small group of manufacturers in Europe and
around the world. The first FC mCHP suppliers in Europe to start developing the fuel cell technology
for small stationary applications started research activities in the early 90s. The main players in the
European market have now started to launch their FC mCHP products to the market (in Europe
only), followed by the Japanese manufacturers who are in the process of adapting their products to
the European market through collaboration with European FC mCHP suppliers.

Figure 7: Expected dates for commercialisation of FC mCHP products in Europe. Adapted from Delta EE, COGEN Europe
Annual Conference (Presentation), 2013 [10].

8

Yet, the technology has still not fully reached commercialisation today and further efforts to
overcome technological challenges and get to a significant volume production are required.
The number of systems in operation is a good indicator of the level of maturity of the supply chain as
higher production and installation volumes are the main factor leading to cost reductions. This is
illustrated by the Japanese programme ENE-FARM, which has managed to reduce costs of the
system by an estimated 25% between 2010 and 2012 mainly due increased economies of scale
associated with the production, sales and installation of about 20,000 units [1].
8

Timelines are based on company’s own announcements and are liable to change.
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As of 2014, over 60,000 mCHP systems were sold worldwide. 2012 was a critical year as fuel cell
mCHP sales overtook all the other mCHP technologies sales, positioning fuel cell system as the
leading technology. Interestingly over 80% of these sales are from the Japanese market, driven by
the ENE-FARM programme [10].

Figure 8: Global mCHP sales (<5kW) by technology between 2005 and 2012. Source: Source: Delta EE, Cogeneration Days
2012 (Presentation) [10].

If the worldwide picture shows a quickly improving overall state of the FC mCHP supply chain, it is
not fully reflected in the development of the market in Europe. Table 7 below provides an overview
of the number of systems deployed up to date by the European manufacturers. Research and
development activities have started around the same period as the Japanese manufacturers but the
total number of systems installed is significantly smaller.
That the European market is lagging behind the Japanese market in terms of deployment presents a
real problem for the European system manufacturers, as there is limited transfer of technology
improvement and lessons learned under ENE-FARM to the European sector9. Large deployment in
Europe by the European manufacturers will be necessary to achieve similar improvements to the
ones observed in Japan. For example, it is estimated that for most of the manufacturers a minimum
of 1,000 units per year per manufacturer would be necessary to achieve cost reduction of 10 to 20%
when compared to the current production cost of the systems. Significant cost reduction would
require a deployment of between 4,000 to 10,000 units per year per manufacturer [2].
With over a decade of experience in the FC technology and between 500 and 1,000 systems installed
as of 2013, the European FC mCHP supply chain is advanced in terms of technology knowledge.
However, the industry still needs to increase considerably the number of systems installations to see
improvements similar to the ones observed in Japan. It is estimated that between 500 and 1,000
systems have been installed in Europe to date.

9

Recent partnerships between European and Japanese manufacturers will however eventually result in transfer of proven technology to
Europe.
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Table 7: European FC mCHP manufacturers who have deployed systems to date

OEM
Baxi
CFCL
Hexis
RBZ
Vaillant
SOFC Power
Bosch Thermotechnik
Dantherm power
IRD
Elcore
Ceres Power
IE-CHP

Started research activities in
2005
Started research activities within Sulzer AG in 1991
1996
1998
2006
2000
2002
2009
2001 (stopped producing mCHP systems in 2012)
2009

Technology
PEM
SOFC
SOFC
PEM
SOFC
SOFC
SOFC
PEM / SOFC
PEM
PEM
SOFC
PEM

3.2.Standardisation assessment and collaboration activities
It is widely recognised that harmonizing regulations, codes and standards (RCS) would facilitate
global trade and lead to reduction of the costs associated with manufacture of components and
systems. Some instruments are already in place to facilitate international harmonisation of RCS,
such as the RCS body responsible for developing standards for stationary fuel cell applications, the
IEC/TC 105 [4]. Yet, additional and more focused efforts are required to reach a consensus on the
priority areas for common actions and resolutions.
The RCS analysis conducted for ene.field by Politecnico di Torino [5] has highlighted that there is an
important presence of accepted international and European standards that also represent a
significant segment of the standardisation body of each country individually10. However, each
country also tends to have their own standards as it is the case with the EN 50438 standard. This is
an additional challenge for the manufacturers because they have to tune their products according to
the different requirements of each country.
Here again, the Japanese FC mCHP manufacturers are leading the way in terms of standardisation of
components and positive effects of these activities on cost reduction. The BoP components used for
the Japanese systems have been standardised across the manufacturers which has led to
considerable increase in the competition from suppliers to provide these components and therefore
to a significant decrease of the costs associated with these parts. With a view to reducing the cost
associated with the system’s components, the Japanese government made the selection of a
common technology to be used for the ENE-FARM project a condition for the system manufacturers
to receive funding. The convergence of the industry on a single specification for the system’s
components makes their manufacture a more commercially interesting proposition for the BoP
component suppliers. In the case of Toshiba, this resulted in a 40% reduction in the number of BoP
components and a 30% reduction of the total system costs between 2009 and 2012 [6].

10

This report was produced as part of the ene.field project and provides a comprehensive position focusing on challenges related to RCS
development.
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Efforts to align technologies and standards have been undertaken in Europe too, in particular in
Germany where numerous mCHP manufacturers are based and where support programmes and
agencies (e.g NIP, NoW, IBZ and VDMA11) are in place. However, success to-date has been limited.
One such initiative aimed to source a common supplier for water pumps across several FC mCHP
systems. This initiative failed as the group of manufacturer could not commit to an order volume
sufficiently attractive for the component supplier [2].
Another common initiative by a group of German manufacturers aimed to use the certifications
developed by the Japanese manufacturers for the BoP components and adapt them for the
European certifications requirements [2]. This would have allowed the European manufacturers to
benefit from development and standardisation work carried out in Japan and source BoP
components internationally and in a more competitive way. However, this initiative was only
followed by one manufacturer, Baxi Innotech, who has conducted the application to get the
certification validated in Europe and now holds the CE certification. The other manufacturers that
were initially involved in this initiative did not see the long term benefits in investing in the
certification.
These two initiatives are representative of efforts undertaken, for example by the VDMA and NOW which are very active in facilitating interactions between manufacturers and components suppliers,
but that have failed to deliver significant impact. This is partly because of the careful attitude
adopted by the manufacturers when it comes to collaboration on components and technology for
which they have developed IP but is also due to more complex dynamics that can be difficulty
overcome12:
• Firstly, the differences in the technologies used by the system manufacturers both for the fuel
cell stacks and the other system components makes it difficult to agree on a single technology. It
is important to remember that a tremendous amount of resources have been allocated to R&D
activities by the different manufacturers into the technology they champion. The difference in
the technology used also means that each manufacturer will have different priority areas for
R&D and standardisation efforts.
• In addition, each manufacturer follows their own R&D programmes with different timelines that
cannot be aligned in the short term for developing common components or agreeing on systems
specifications and standardisation.
• Finally, the potential challenges presented by the requirements of competition law are also a
significant hurdle to overcome.

3.3.Competition assessment
The number of players of the FC mCHP supply chain, and therefore competition, is still relatively
limited. This is true both at the system manufacturing and components levels.
At the manufacturing level, there are less than fifteen systems manufacturers that develop and
manufacture FC mCHP systems in Europe. This could already allow for good competition levels if the
system manufacturers did not rely on a limited pool of component suppliers.
11

NIP: National Innovation Programme, NoW: National Association for Fuel Cell and Hydrogen Technologies, IBZ: Fuel Cell Initiative,
VDMA: German Engineering Federation.
12
See section 7.4 for a detailed analysis of existing collaborative efforts for FC mCHP systems in Germany and section 3.4 for an overview
on the challenges for synergies development and procurement.
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At the components level, the limited number of component manufacturers specialising in FC
technology for small stationary applications in Europe can sometimes lead the system
manufacturers to develop some components themselves. The European manufacturers have to
source some of the components of their systems in North America and Asia as the required
components are not available in the European market. Nevertheless, there is a preference to
develop relations with suppliers at the European and even national level when possible [2]. The
main reasons for this are:
• The current stage of development of the systems: The systems are still undergoing continuous
improvements and close collaboration with components suppliers is required.
• The current production volumes: The current volume of production of micro-CHP products is not
large enough for major efforts in qualifying new suppliers for most of the system developers.
• Language and cultural difference: The systems are still undergoing continuous improvements
and close collaboration with components suppliers is required.
• Different rules / regulations: The components need to be specified for the European market.
• Confidence and confidentiality of product development issues: There is a preference to develop
components in close collaboration with a supplier for which there is, for example, a history of
collaboration.
It is expected that the European manufacturers will start looking into the Asian market in the coming
5 years for cost competitive components [2].
This reality is slightly different for the main component of the system, the fuel cell stack, for which
exchanges at the international levels already frequently occur. The FC stack is the main component
and one of the most costly parts of a FC mCHP system (about 20% of the system total cost for a
generic SOFC system, according to a report by the IEA [11]) and efforts to source suppliers with
tracked performances are therefore necessary. Some manufacturers have started to develop a
more globalised approach by using well-developed FC stacks that can be ‘added-on’ to their systems.
This is the case for Baxi Innotech13 and Dantherm Power, who are using FC stacks produced by the
Canadian company Ballard. At the strategic level, collaboration agreements have already been put in
place between the European and Japanese manufacturers:
• The Viessman Group and Panasonic Corporation have jointly developed a PEM FC mCHP
system that will be launched in Europe in April 2014 [12].
• The cooperation between Bosch Thermotechnik and Aisin Seiki (part of the Toyota group),
who provides the power generation module, with field test starting in 2014 [13].
• BDR Therma recently announced a partnership with Toshiba Fuel Cell Power Systems
Corporation with a commonly developed system due to enter into full production in 2015
[14].
Cooperation with Asian suppliers or partners is advantageous for European Manufacturers who
adapt the Japanese technology to the European market and benefit from the cost reductions that
have resulted from larger-scale deployment in Japan. This strategy minimises the technology
development risk and facilitates market introduction of the product.
In recent years the strength of the supply chain for certain of the non-fuel cell related components
has improved, often driven by their application in other products. The production of valves, pumps
13

Ballard FC stacks have been used until recently to develop Baxi Innotech’s Gamma Premio systems.

25

European Fuel Cell mCHP supply chain analysis
and other cooling equipment has significantly improved in relation with the development of energy
efficiency technologies over the last 5 years. However, this has also had some negative effects as it
increases the number of applications for an already limited number of suppliers. For instance, the
number of suppliers of inverters has increased as the market for solar photovoltaic technology has
grown, but the requirements for the solar technology are different from those of FC mCHP systems
and these inverters are not suited to meet the needs of FC mCHP systems.
In general components suppliers will only put in place production facilities and start manufacturing a
specific component on request of one or several system manufacturers if the order number is
substantial, a minimum of 10,000 units per year [2] has been estimated14. This is a major drawback
for the European market as the system manufacturers do not currently have the required
production volume to get into commercial discussions with component suppliers and therefore
cannot benefit from economies of scale. An illustration of this was a collaborative effort by German
manufacturers to commonly source a water pump that failed because the group of manufacturers
couldn’t achieve the threshold order volume. Likewise, the current total production volume per year
in Europe, including the deployment of units through ene.field and Callux, can be estimated to be
around 500 units per year or an equivalent of about 1,000 kW installed [2]. This is insufficient to
source new suppliers even though the ene.field project is the largest deployment programme in
Europe and represents the bulk of the units that will be deployed in Europe in the coming years.
This situation has led to some component suppliers losing interest in the FC mCHP sector or even
withdrawing from the production of related components. This is the case for BASF who stopped the
production of HT PEM MEA in 2013, as they do not see return on investment associated with the
development and production of specified components.
To conclude, it seems that at the current time, suppliers are in a stronger position than the system
integrators who have a limited choice in the sourcing of the components for their systems. This
limited competition in the market typically leads to higher prices for the components.

3.4.Market conclusions on current level of development of the FC mCHP
supply chain in Europe
The FC mCHP supply chain has been in development for almost two decades but is still rather
immature. This has been partly due to technological challenges and partly due to the inevitable
difficulty in overcoming barriers to commercialisation of new technologies, which is required to
achieve significant levels of deployment and, in turn, drive down costs. The main challenges
encountered by the FC mCHP supply chain today are:
• A need to demonstrate performances and durability;
• A stringent requirement to increase production volume;
• A need to lower costs of components and reduce price of the final end product.
The main limiting factor for the development of the supply chain is the production volume: high
volumes are required to reduce costs of the systems as they will allow outsourcing strategies with
suppliers and increasing economies of scales. This is true both for fuel cell related components,
14

This threshold can vary depending on the component to be supplied or the relationship between a specific manufacturer and
component supplier.
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which need to be produced in larger volumes to achieve cost reductions through learnings, but also
to non-fuel cell specific components, whose prices will reduce as soon as orders are put through in
larger quantities. Moreover, continuous performance improvement and technology development
efforts also require the deployment in real world conditions of large number of system.
Worldwide, more than 60,000 FC mCHP units have been deployed, cumulatively since 2002. The
vast majority of these units have been installed in Japan. In Europe, a relatively limited number of
units have been deployed to-date (estimated to be between 500 and 1,000 units) and mainly in
Germany. The European market need to significantly increase the production volume to achieve
cost reduction as seen in the Japanese programme ENE-FARM which has managed to reduce costs of
the system by an estimated 25% between 2010 and 2012 through development of a market of
around 20,000 units in 2012 [1]. In Europe, some manufacturers have estimated that a minimum of
1,000 units per year would be necessary to achieve cost reduction of 10 to 20% when compared to
the current production cost of the systems. Significant cost reduction would require a deployment
of between 4,000 to 10,000 units per year per manufacturer [2]. These levels of production are
unlikely to happen within the next 5 years without significant support for the market in addition to
and beyond ene.field (current estimated production volume for the next few years across the
European manufacturers is 500 units per year [2]). Similarly, cost reduction through outsourcing are
unlikely as commercial discussions with components suppliers will only really be possible once
production volume reach the threshold of 10,000 units per year [2].
Collaborative and standardisation efforts could help reduce cost through economies of scale and
better sourcing strategies placing the FC mCHP suppliers in stronger position for commercial
discussions. However, efforts up to date have been limited due to anti-trust concerns and
mismatches in the priority areas and short term investment needs of the different players. So far, no
collaborative initiative has been successful.
Competition between the suppliers of components is critical to encourage cost reduction of the
components and therefore of the final system price. However, the currently fragmented FC supply
chain and low production volume send negative signal to the market’s stakeholders and do not allow
competitive behaviours. The FC mCHP suppliers currently collaborate closely with a small group of
component suppliers to develop components that meet the requirements of their systems. This does
not encourage a competitive market or the entry of new players.
As the supply chain develops, the focus to improve the performance and reduce the costs of the
system will partly move to new challenges. Figure 8 below illustrates the steps of evolution of the FC
mCHP supply chain and related challenges. In step 1 and 2, the development of the supply chain is
mainly dependent on production volume and associated cost reduction. However, in step 3 of the
development of the supply chain, adequacy and manufacture efficiency will then become the main
opportunities to reduce costs.

27

European Fuel Cell mCHP supply chain analysis

Figure 9: Current and future stages of development of the FC mCHP supply chain and main levers to reach maturity
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4. Barriers and opportunities for the development of the current and
future FC mCHP supply chain
Barriers and opportunities for the development of the FC mCHP supply chain
The main opportunities for FC mCHP system cost reduction can be regrouped into three main areas
of work: increase in volume, system simplification and development of collaborative strategies
between key players. Each subsystem will have some potential opportunities for development and
therefore reduction of costs that are well understood by the fuel cell industry. The sector is however
facing some major challenges to fasten the step in adopting strategies to help developing the supply
chain to a more mature state.
An increase in the production volume will require additional support to bring the technology to a
more commercially ready solution. Systems manufacturers are now in the most critical period of the
deployment of the technology and require political and financial backing from the other actors of
the residential heating sector. Strong political support and additional funding, as seen in Japan, will
be required in the coming years for the technology to enter the next stage of deployment.
Collaborative strategies seem to be a necessity but have had limited success up to date. Several
factors can explain this lack of success:
 The challenges to overcome competitive attitudes between FC mCHP manufacturers.
Collaborative efforts are more likely to be successful if focussed on a limited number of
components, for which limited IP has been gained by the manufacturers.
 The variety of technologies developed for FC mCHP applications also has an impact on the
potential matching of priority areas for development between different manufacturers. Each
manufacturer will follow its own priority agenda in terms of R&D and commercial strategy.
 Collaborative research and development activities are also dependent on the internal
timeframes for R&D programmes of each organisation that will follow their own internal
deadlines and timeframes and cannot easily arrange for new development activities to be
organised in the short term.
 The justification of the allocating of resources for collaborative efforts needs to be justified. This
can be a problem as the benefits of these activities are difficulty quantifiable and collaborative
efforts focusing on less critical components will receive less interest.

4.1.Potential for cost reduction for FC mCHP systems
The main opportunities for FC mCHP systems’ cost reduction can be regrouped into two main fields:
• Research and Development and Operations activities – which are directly related to
performances / durability, design, manufacturing, quality certification; and
• Commercial and Business cases activities – which are directly related to production volume
and cost reduction as well as strategies to share risk and get warranties for the production
and sales of the systems.
Opportunities linked to collaboration efforts under both these fields are described in more detailed
in section 4 of this chapter.
Table 8 below qualifies the opportunities for cost reduction according to their impact to reduce the
overall system cost, where quality certification activities (also identified as a potential bottleneck),
mass manufacturing and collaboration between OEMs have been identified as areas with an
important impact for cost reduction. There is a connection between the last two areas, as current
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designs tend to differ significantly between manufacturers and hence this is limiting the potential for
volume deployments to reduce costs.
Table 8: Potential cost reduction opportunities and impacts

Areas

Opportunities

Description

Impact

Performance &
durability

e.g efficiencies,
degradation rates,
running hours
achieved, increased
flexibility to vary
heat-to-power ratio
e.g system
simplification,
reduction of
component size,
modularization,
functional
integration
e.g automation,
design to fit
manufacturing,
mass production
moulds
e.g testing of
components and
final product
e.g high production
volume / Low cost
e.g procurement
strategy,
partnership
e.g standardisation,
development of
collaborative
strategies

Medium +

Design

R&D /
Operation
Manufacturing
yield

Quality
certification

Comm./
Business
cases

Mass manufacturing
Warranty / risk
sharing
Collaboration
between OEMs

Important

Medium +

Medium

Important

Comments
Although state of the art systems
achieve high overall efficiencies
(>90%), there is a requirement to
increase system lifetime (especially for
SOFC systems)
e.g Reducing reformer complexity and
simplifying BoP have potential to cut
costs

Development of optimised mass
manufacturing techniques is require to
enable economies of scale

BoP have shown the highest rate of
failure in trials [15]
Coupled with unified
design/collaboration between OEMs

Low

Medium +

Opportunities for cost reduction around R&D and operations related activities for FC mCHP systems
are numerous. For example, the widely anticipated development of high temperature fuel cell and
more tolerant low- or non-platinum catalysts in the coming years could allow for a system-wide cost
reduction as the fuel cell stack is a major cost item of the overall system. In general, reductions in
the costs associated with the stack are expected to allow important savings in the near future.
Another interesting example of potential cost reduction through R&D is the case of desulphurisation
cartridges. It is estimated that the current starting price is around € 500 for a cartridge that will
require replacement every four years (replacement might be required more frequently for the
bigger FC mCHP systems in the market as the amount of fuel consumed and therefore sulphur to be
absorbed by the cartridge are higher). Alternative methods to remove sulphur from natural gas are
under investigation and could contribute to reducing the price of the desulphurisation process. For
example a multi-steps approach could allow reducing costs associated with specific parts of the
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desulphurisation process by subdividing the cartridge into several components which could help
reducing costs.
Strongly linked to R&D development, the improvement of manufacturing techniques can deliver
significant cost reduction by decreasing the costs associated with the manufacture of key
components (e.g manufacturing of the stack). A fast rise in manufacturing capability can be
achieved by design and production of bespoke machinery, but also by adapting manufacturing
techniques using standard manufacturing equipment. Lessons from other industries could be taken,
such as in the battery industry, where the experience for the scale-up of membrane separators could
be used for the proton-exchange membrane in the fuel cell industry.
Table 9 below lists the main potential improvements for R & D and operation related activities at the
component level.
Table 9: Potential improvements by component in R&D and operation activities [2], [6] and [16]

Components

Areas of possible improvements for cost reductions

MEA / Stack

•

•
•
•
•
•

Stack degradation, material used for catalyst, chemicals used for cells: reducing
or replacing platinum catalyst for PEM FCs, lowering membrane cost, increasing
power density, develop sulphur resistant electrolyte etc.
Standardisation and material improvements of stack parts (bipolar plates /
interconnects, sealing’s, etc.).
Develop high performance catalysts stable at high temperatures (i.e. ~150 deg.C)
for HT PEMFC.
Improve durability and cycling capability for SOFCs.
Improve methods for final inspection of MEAs for leaks, shorts, membrane
pinholes and other defects prior to assembly in stack.
Opportunity for increased automation.

Fuel processing
equipment

•
•
•

Fuel efficient tactical fuel processors for desulfurized fuels.
Desulfurization cartridge.
Optimise fuel processor configuration and process parameters (which influence
stack efficiency).

Cooling systems

•

Reduce complexity.

BoP

•
•
•
•

Optimise design of BoP and reduce complexity, by reducing number of
components and reducing failure associated to it.
Other improvements (Optimise humidifier).
Use liquid metering pumps.
Protecting coatings for metallic components.

Power electronics

•

Durability.

Heat exchangers

•

Obtain greater efficiencies by maximising heat recovery.

Significant cost reductions relative to current levels are expected to be achieved by various
developments, among which economies of scale through mass manufacturing techniques
development and standardisation are the major drivers. Costs decreases around 20% for every
doubling in production [6] have been reported (as a comparison, PV module prices fell at a learning
rate of 18% over the period between 1970 and 2000), which highlights the importance of high
production levels to improve system costs. However, there is uncertainty over whether these
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learning rates will be maintained through the technology learning process. In other fields, such as
the oil and gas industry, costs reductions of 15-30% by component standardisation and project
management techniques have been achieved [17].
Cost reduction achieved to-date has largely been through incremental design improvements, as the
production volumes remain too low for scale effects to impact on cost. Nonetheless, there are still
opportunities for further significant cost reduction through simplification of the systems:
• Specification of components to match FC mCHP requirement;
• Reduction of the size of components to reduce overall size of the product;
• Reduce components count to simplify system and reduce the footprint of the final product.
In “The cost of domestic fuel cell micro-CHP systems (2012), I.Staffel and R.Green [6] demonstrate
the potential for cost reduction associated with these type of activities using examples from the
ENE-FARM programme:
• Toshiba have reduced costs by 30% between 2009 and 2012 by reducing the number of cells
by 15%, the amount of platinum by 20%, and the number of BoP components by 40%.
• Eneos have made their system 40% smaller due to system simplification.
Panasonic reduced the size of core system components by 30–40%, the total number of
system components by 30%, and the weight by 20%.
Here again, it is important to note that increase in the production volume will have a different
impact on fuel cell related components – which need to be produced in larger volumes to achieve
cost reductions through learnings, and non-fuel cell specific components - whose prices will reduce
as soon as orders are put through in larger quantities thanks to economy of scales.
Manufacturing opportunities will also arise as the supply chain develops and production volume
increases. Techniques to increase production volume, decrease manual inputs and lead time for
production will be implemented as for example:
• Increase automation and reduce labour intensive input required;
• Explore alternate processing methods;
• Switch to double or triple shift and double production lines
• Develop Design For Manufacturing (DFM) and Design For Assembly (DFA) strategies
At the present time, manufacturing of FC mCHP systems are mainly manual with very limited
automation included in the production process. This is consistent with the current level of
development of the systems, which are still at the pilot manufacturing stage, and number of system
manufactured. This will change when development will be at serial stage. For example, it is
estimated that automation of the fuel cell stack would require volumes of 5,000 per year per
manufacturer to be economically viable.
At any of these stages, the relationship between the component suppliers and the system
manufacturer is as critical as progress made to simplify the system to increase the maturity of a
product and reduce the final price of the system for the end-users, as illustrated in Figure 10 below.
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Figure 10: Relation between suppliers and manufacturing and design improvements [18]

It is important to remark that the launching into the European market in the coming years of
systems developed in collaboration with Japanese manufacturers is likely to significantly change the
landscape of the European supply chain as they will bring into the market system that have already
achieved significant cost reduction through the volume deployed in Japan.

4.2.Potential barriers to development
Even though FC mCHP systems still have a large margins for reducing costs, most of the cost
reductions that could be easily achieved by improvements in performances and durability activities
without a significant increase in the production volume have now been achieved.
The main challenge at present time for the sector is therefore to achieve larger production volume
to allow the European FC mCHP manufacturers to overcome the ‘valley of death’ and bring the
technology to commercialisation. For this purpose, the support of government and industry in the
form of subsidies, as well as the adoption of innovative commercialisation approaches will be
needed.
Previous trials in Europe have been financed by energy companies (e.g utilities) and/or by national
and international programmes, effectively helping to share the risk of the development activities,
across the various actors of the supply chain. ene.field is one example of a funded project where a
funding body, the FCH JU, is providing financial contributions to the FC mCHP manufacturers to
facilitate the rollout of the technology. At the time this report was written there were no
expectations of additional funding made available in a similar fashion after the end of the ene.field
project. This is a potential risk to the development of the FC mCHP supply chain because, as it has
been demonstrated in the previous section of this report and as illustrated in Figure 11 below, the
peak risk associated with the development of FC mCHP systems will not be passed at the end of the
ene.field project.
The current estimated production volume for the coming years across the European manufacturers
is 500 units per year [2] and will not allow significant cost reductions and product offers at prices
close to market entry levels by the end of the project. In Japan, the ENE-FARM project registered
significant cost reductions after installing some 20,000 units. In Europe, an estimated 1,000 units
per year per manufacturer would be necessary to achieve cost reduction of 10 to 20%15. These

15

When compared to the actual cost of the systems.
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levels of production and cost reductions are unlikely to happen within the next five years if ene.field
remains the only large demonstration programme in Europe.
This is a risk not only because the ‘valley of death’ will not be passed but also because potential endusers such as utilities will only consider investing in FC mCHP systems with market entry selling
prices (estimated to be around €10,000 per kW). There is no guarantee that this price target will be
achieved by the end of ene.field. The gap between the actual manufacturing price of the unit and
the ‘expected’ selling price of the FC mCHP systems might not be covered posing a major risk to the
commercialisation of the technology as illustrated in Figure 11 and 12 below.

Figure 11 and Figure 12: Illustrative example of risk associated with production volume and cost of the systems at the
end of the ene.field project (right) and expected systems cost reduction by the end of ene.field compared to market
entry price (left)

This situation is also increased by the fact that tremendous resources have already been invested by
the system manufacturers to develop the systems until today. Unfortunately, opportunities for cofunding of activities are limited, as the traditional partners that could share the risk associated with
this stage of development are providing very limited support:
 energy companies have reduce their support to field trials for new technologies and the
recent experience of the ene.field project is that utilities are expecting to buy a final product
ready for commercialisation;
 the current level of production are not attractive to component suppliers who will often
specify product for specific uses once production volume are closer to commercialisation.
 the political context in most of the European country is not favourable to FC mCHP with no
clear policies and support in place.
All of these factors will contribute to increasing the challenges to be overcome by the sector. In
order to achieve commercial viability in the next decade, a concerted effort will be required by
governments and industry to deploy large volumes. Only then will the benefits of FC mCHP to
decarbonisation and security of supply in the future be realised.
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4.3.Potential bottlenecks and pinch points for future expansion of the
supply chain
Pinch points are defined as situations where component suppliers create bottlenecks in the
expansion of the supply chain due to an inability to expand production sufficiently rapidly.
The supply chain in itself is not currently constrained by production capacities as both system
manufacturers and component suppliers have the ability to rapidly scale up to the levels of the
expected increased production requirements. This is because systems manufacturer and
component providers can either scale up easily to the maximum of their existing capacity, for
example by increasing the number of shifts, or because they already are producing components in
large volumes. It is estimated that the European FC mCHP supply chain production could be scaled
up to around 35,000 systems per year without major investments, compared to the current 500
systems per year. Much of this increase could be achieved by full utilisation of the existing
production capacity within the FC mCHP manufacturers and their partner organisations, for example
by increasing the number of shifts on existing production lines. Most of the system manufacturers
have large production capacity, and if demand were for fuel cell mCHP were to grow, they would be
able to re-purpose some of their production capacity to manufacture fuel cell mCHP systems.

Figure 13: Current production volume and maximum production capacity of the FC mCHP supply chain in Europe [2]

Once this level of production is achieved, major investment in new capacity will be required to adapt
the production capacity (e.g new warehouse for additional production lines etc.).
The main aspects identified as potential bottleneck in the near term would be the availability of a
skilled labour force as well as the throughput at the end of the line as the systems go through testing
and quality controls.
At the current stage of commercialisation, production is very much limited by demand and there are
no near term concerns regarding the ability of the supply chain to keep pace with demand in the
early phases of market introduction. Certain components have, however, already been identified as
the most likely to become bottlenecks in the more rapid market expansion phase. A scoring system
was developed to determine which aspects would be problematic should the production increase. A
rating was established using the number of times a component or an activity was identified as a
potential bottleneck during interviews with the supply chain stakeholders and its potential impact.
As illustrated in Figure 14, the throughput at the end of the line (including quality control and
testing) and the reformer are the component and activity that were identified as the main potential
bottlenecks across the manufacturers. It is also interesting to note that skilled labour availability is
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identified as a potential bottleneck. The heat exchanger and inverter have previously been identified
alongside the reformer as costly part of the systems for which there is limited competition in the
supply chain.

Figure 14: Evaluation of potential bottlenecks (excluding stack - rating using number of time the bottleneck was
mentioned / declared importance of the bottleneck)

Table 10 below summarises the main challenges by main components of the system for future
expansion of the supply chain.
Table 10: Main components and potential related constraints for the expansion of the FC mCHP supply chain [2], [6],
[16] and [19]

Components

Supply chain capability and potential bottlenecks

MEA / stack






Fuel processor








Cooling systems
BOP

Power
electronics /
inverter









Heat Exchanger
Control and
testing



Strong driver of product cost.
Platinum, yttria stabilized Zirconia, nickel etc. is a potential pinch point (cost and
availability).
Manufacturing capacity exists for micro-CHP production volumes foreseen in the
near term.
Limited competition – most manufacturers working closely with one or two
suppliers which could be problematic in the event of a rapid expansion of the
production requirements and might hinder costs reductions.
Large cost component.
Capacity exists – increased volume required.
Potential supply base issue for reformer.
Adequate production capacity for other components.
Design development still on-going that could hinder development of supply base.
Limited competition for de-sulfurization cartridges.
No potential supply chain issues identified
Require numerous connections between valve, sensors and other components.
Adequate supply capacity for most BOP components. In 2010, The IEA remarked
that there was a lack of suppliers of valves, pumps, blowers and sensors and that
they have little incentive for reducing costs.
Potential issues with bespoke components (e.g. sensors, humidifiers etc).
Inverter is a significant cost component.
Potential supply base issue. For example, inverter manufacturers focused on PV
market.
Difficult to procure correctly specified systems at good prices. This could hinder
development of supply base.
No potential supply base issue identified.
This could be a problem in terms of lead time required to assemble the product.
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4.4.Opportunities and challenges for development through synergies
development and procurement
Synergistic development of key components and synergies in procurement across the European FC
mCHP suppliers could allow them to tackle common challenges (as for example does the platform
approach adopted for other mass product consumer goods such as passenger cars) and move to
lower cost and higher volume production processes, by pooling demand for components. The table
below summarises collaboration opportunities either through common development or synergies in
procurement at the component level.
Table 11: Potential synergies for development or procurement [2]

Components

Opportunities

MEA / Stack

•

•

Develop common research programme in partnership with universities for SOFC and
PEM systems on key issues such as: stack degradation, material used for catalyst:
reducing or replacing platinum catalyst, lowering membrane cost and optimization of
BOP, sealing’s, stack-materials.
Develop manufacturing process for the industry and exchange on findings (e.g trisintering for tubular SOFC, Fully automated cathode and barrier layer spraying.
Develop common stack for several OEMs. The recent announcements by car
manufacturers such as Toyota/BMW [3] and Daimler/Ford/Renault-Nissan to share
and develop a common fuel cell technology, could be imitated by the mCHP Fuel cell
industry, as the way forward.
Bipolar plates and electrodes could be standardised across industry.

•
•

Standardisation.
Develop common reformer.

•
•

Fuel processing
equipment
Cooling systems

No potential opportunity identified.

BoP

•
•

Standardisation.
Use standards developed by Japanese manufacturers.

Power
electronics

•
•

Specify inverter.
Develop common inverter / standard solution.

Heat exchangers

No potential opportunity identified.

The table above shows that there are some components and activities on which the FC mCHP
suppliers could collaborate.
It is important to note that various collaborative initiatives have already look into these specific
components and tried to developed common strategies. Interestingly, they have not resulted in
successful collaboration up to date.
The German industry representative groupings, the VDMA and IBZ initiatives, have been active in
this topic and are providing on-going support to facilitate commercial discussions between key
players of the sector16. They have facilitated discussions around specific components (e.g inverter,
desulphurisation cartridge) with a view to develop common buying or development strategies
between German manufacturers. Several factors can explain this lack of success up to date:
16

See section 7.3.“Existing collaborative efforts for FC mCHP systems in Germany” for a presentation of the VDMA and IBZ initiatives as
well as example of collaborative efforts.

37

European Fuel Cell mCHP supply chain analysis










FC mCHP manufacturers have a long history of research which resulted in major investment in
the technology. Understandably, they are not willing to share the findings of R&D work with
their direct competitors in the market. In addition, all the manufacturers are championing their
own technologies and have developed their systems accordingly. As a result, discussions to
agree on the development of a common fuel cell stack have not been successful. This also means
that collaborative efforts can only be focussed on a limited number of components, for which
limited IP has been gained by the manufacturers.
The variety of technologies developed for FC mCHP applications also has an impact on the
potential matching of priority areas for development between different manufacturers. Each
manufacturer will follow its own priority agenda in terms of R&D and commercial strategy. This
ultimately means that a relatively limited number of players, and therefore resources, can be
allocated to developing common strategies for a specific component.
Collaborative research and development activities are also dependent on the internal
timeframes for R&D programmes of each organisation that will follow their own internal
deadlines and timeframes and cannot easily arrange for new development activities to be
organised in the short term.
In addition, the allocation of resources for collaborative efforts needs to be justified within the
manufacturers’ organisations. This can be a problem as the benefits of these activities are
difficulty quantifiable. While small organisations have more limited resources to invest in these
types of activities, bigger companies will be required to demonstrate the business case for
investing in development for a specific technology against the other technology developed. This
is therefore a major challenge for both small and bigger organisations. To add to the complexity
of demonstrating the advantages of collaborative efforts, collaborative efforts focusing on less
critical components will receive less interest. They are, however, the ones that are the most
likely to be decided upon when it comes to collaborative efforts, as demonstrated previously.
Finally, joint development activities and common buying strategies for competitors are legally
restricted in Europe by competition law. Competition Law includes provisions for concentrations,
or mergers, anti-competitive agreements, and the abuse of a dominant position by companies.
This has an impact on the extent to which collaborative efforts can be put in practice. Buying
syndicates are a good example of this as they are not allowed unless the parties involved in the
buying syndicate set up a common company for the purpose of the buying syndicate. Significant
resources would need to be allocated to the setting up this type of organisation which would
limit the benefits of this type of common strategies. In addition, organisations do not have the
flexibility or the will to set up a common company with their direct competitors as this has
important implications in their of business strategies.

It is important to note that these collaborative initiatives and standardisation efforts have mainly
been trialled at the national level, and that a relatively small number of players were involved in
these discussions making the requirements specific to each of them a barrier to the effective
outcomes. It is inevitable in a small and fragmented supply chain sector to have contradictory
expectations and different priorities for development as these aspects are strongly related with the
technology developed by a manufacturer and the overall strategy of their organisation.
A similar approach to the ones conducted by the VDMA, at the international level with a trustee
organisation determining activities and components that would require collaborative efforts, could
be developed and could potentially have more success than the previous initiatives.
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5. Recommendations
Recommendations
A set of recommendations can be drawn from this analysis. They have been grouped into four areas
of focus: incentives and third parties engagement, procurement and supply, R& D / durability &
performances and manufacturing.
Policy makers and funding bodies will need to provide additional support in the coming years to
send a clear message to the market for example by proposing funding for further demonstration
project but also encourage dialogues between the key players of the markets.
Manufacturers should further efforts for collaborative development and strategies to share risks
associated with early entry to market of the technology.
Finally, the creation of a neutral organisation at the European level promoting the technology and
exchanges of information between FC mCHP manufacturer and components suppliers could be
highly beneficial.

5.1.Incentives and third parties engagement
The actions suggested under this section will help to address immediate issues related to the cost /
volume challenge.
Suggested actions for systems manufacturers
• On-going field trial collaboration.
• Form an industry group with a view to lobby for additional funding and / or prepare a
proposal for the period close to the end of the ene.field project (e.g IBZ initiative).
• Industry collaboration plan on marketing and sales strategies and creation of a European FC
mCHP brand (as conducted in the ENE-FARM project and potentially through ene.field).
• Create database of potential end-users and early adopters: social landlords, ESCOs, gas cie
etc.
• Organise workshop targeting regions with green initiatives in Europe.
Suggested actions for policy makers, governmental organisations and local authorities
• Fund workshop and other support activities.
• Role of suppliers – fund research activities for suppliers of components to encourage risk
sharing.
• Advocate for subsidies at the national and international levels: regulators need to send clear
signal to suppliers (example feed-in tariff), Consistency of policy required.
• Level and nature of subsidies required to be defined: organise National and European
commercialisation plan study as for example the ones that were conducted in the transport
sector (H2 Mobility).
• Elect champions for the technology.

5.2.Procurement and supply
The actions suggested under this section will allow addressing immediate issues related to the cost /
volume challenge.
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Suggested actions for systems manufacturers
• Use common components and subassemblies in many products (to pool risk of stockouts).
• Follow industry standards (to increase part availability). For example, use Japanese
standards for BoP and connectors.
• Create buying syndicate: Use group of common suppliers.
• Develop relationships with international component suppliers.
Suggested actions for policy makers, governmental organisations and local authorities
• Organise workshops to understand priorities for improvements, latest technical
developments and facilitate interactions between component suppliers and system
manufacturer.
• Conduct study and create information to inform about progresses made and areas of
improvements required.
• Create industry standards (to increase part availability)
• Provide funding for certificate process to encourage commonality in part use
• Provide funding for study that demonstrates added value in standardisation and
collaborative approach targeting decision-makers of the FC mCHP sector.

5.3.R& D / durability & performances
The actions are expected to become more relevant as the supply chain develops
Suggested actions for systems manufacturers
• Share information and develop partnership with strategic partners such as components
suppliers and other FC mCHP manufacturers.
• Share information and develop partnership with energy companies and utilities.
• Develop partnership with governmental agencies, Universities etc.
• Conduct study and share information to inform about progresses made and areas of
improvements required.
• Suggested actions for policy makers, governmental organisations and local authorities:
• Provide funding for key areas of research identified by industry stakeholders.
• Organise workshops to communicate about latest technical developments and facilitate
interactions between component suppliers and system manufacturer.
• Conduct study and create information to inform about progresses made and areas of
improvements required.

5.4.Manufacturing
The actions are expected to become more relevant as the supply chain develops.
Suggested actions for systems manufacturers
•
Use standard processes.
•
Produce a generic product.
•
Promote DFM, DFA, etc*.17
•
Downsizing of components, reduce number of components used*.
17

* Expected to become relevant as supply chain develops.
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•
•

Remove bottlenecks*.
Lower tolerances*.

Suggested actions for policy makers, governmental organisations and local authorities
•
Provide funding for key areas of research identified by industry stakeholders.
•
Organise workshops to understand priorities for improvements, latest technical
developments and facilitate interactions between component suppliers and system manufacturer.
•
Conduct study and create information to inform about progresses made and areas of
improvements required.
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6. Conclusion
FC mCHP products are still in the early phases of development relative to other low carbon
technologies evolving in the same segment of market even though they have been in development
for almost two decades. This has been partly due to technological challenges and partly due to the
inevitable difficulty in overcoming barriers to commercialisation of new technologies, which is
required to achieve significant levels of deployment and, in turn, drive down costs. The main
challenges encountered today by the FC mCHP supply chain are typical to its level of development:
•
•
•

A need to demonstrate performances and durability;
A stringent requirement to increase production volume;
A need to lower costs of components and reduce price of the final end product.

At present, the main limiting factor for the development of the supply chain is the production
volume that will lead to a reduction in the final cost of the systems either by allowing more cost
effective outsourcing strategies with suppliers or through increased economies of scales. The
European system manufacturers are focusing on deploying large volumes to overcome the point of
greatest risk in the product commercialisation as seen in Japan where the ENE-FARM programme
managed to reduce the costs of the system by an estimated 25% between 2010 and 2012 through
the installation of around 20,000 units. It was estimated that a minimum of 1,000 units per year
would be necessary to achieve cost reduction of 10 to 20% when compared to the current
production cost of the systems in Europe; and that additional cost reduction would require a
deployment of between 4,000 to 10,000 units per year per manufacturer.
These levels of
production are unlikely to happen within the next 5 years without increased support in addition to
and beyond ene.field (current estimated production volume for the coming years across the
European manufacturers is 500 units per year). Strong political support and additional funding, as
seen in Japan, will be required in the coming years for the technology to enter the next stage of
deployment and for the European manufacturers to be able to compete with their Japanese
counterparts.
Collaborative and standardisation efforts could already help reducing the final cost of the system
through economies of scale and better sourcing strategies placing the FC mCHP suppliers in stronger
position for commercial discussions. Interestingly, collaborative initiatives have had limited success
up to date. This is not only linked to the difficulty to overcome competitive attitudes between FC
mCHP manufacturers but also to structural challenges such as, the variety of technologies developed
for FC mCHP applications and variety of priority areas for R&D as well as the challenges to justif6y
the allocation of resources to these activities. Last but not least, competition law is a potentially
limiting factor to collaborative efforts.
Further activities need to be undertaken to bring the key players of the market together but more
attention should be put in overcoming challenges that limited the success of previous tentatives. The
study recently initiated by the Fuel Cell and Hydrogen Joint Undertaking (FCH JU) on fuel cell
distributed generation which involves a significant percentage of FC mCHP manufacturers has the
potential to provide a better understanding around opportunities for development and
commercialisation of FC mCHP products in Europe.
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7. Annexes
Annexes content
7.1 Glossary
7.2 Bilateral interview script for residential FC mCHP stakeholders
7.3 ENE-FARM programme
7.4 Potential for joint development across manufacturers, the example of desulfurization cartridge
7.5 Existing collaborative efforts for FC mCHP at national and European levels
7.6 Existing collaborative efforts for FC mCHP at European levels
7.7 List of relevant suppliers

7.1.Glossary
CFCL

Ceramic Fuel Cell Limited

CHP

Combined Heat and Power

DoW

Description of Work

EC

European Commission

FC

Fuel Cell

FCEV

Fuel Cell Electric Vehicles

FCH JU

Fuel Cell and Hydrogen Join Undertaking

FC mCHP

FC micro-Combined Heat and Power

IBZ

German fuel cell initiative

mCHP

micro-Combined Heat and Power

NIP

National Innovation Programme(Germany)

NOW

National Association for Fuel Cell and Hydrogen Technologies (Germany)

NEDO

Fuel Cell and Hydrogen Technology Development Department

OEM

Original Equipment Manufacturer

RCS

Regulations, Codes and Standards

R&D

Research and Development

PV

Photovoltaic

VDMA

German Engineering Federation

WP

Work Package
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7.2.Bilateral interview script for residential FC mCHP stakeholders

Purpose of
this
Document
and
subsequent

The purpose of this document is to engage key stakeholders in a consultation
exercise to understand the capabilities of the FC mCHP supply chain at current
time and in the future to lower barriers for the further demonstration and
subsequent commercialisation of FC mCHP in Europe.

Author
Date

I.Walker, L.Ruf (Element Energy)
02nd August 2013

Manufacturers’ responses will be used to develop an outlook of the current
structure of the FC mCHP sector, including an analysis of its strengths and
weaknesses and a focus on the potential supply chain pinch points that may
create bottlenecks. The result of the study will be used to produce FC mCHP
specific recommendations for resolving these issues and to assess the synergies
that might exist between the OEMs in procuring components and developing
systems.

Consultation Questions
The following questions are intended as a script for bilateral interviews. We would be happy to
receive a formal written response, but the main purpose of the document is simply to act as a
support for the discussion. Element Energy will prepare notes and return these for comment.
The questions are organised in three sections:
A) Conceptualisation of supply chain steps, activities of stakeholders and level of development
a. Conceptualisation of the supply and value chain
b. Maturity, competition and standardisation of the supply chain
B) Listing of key components, their origins and associated costs
a. Components and suppliers overview
b. Cost structure and possible improvements
C) Manufacturing bottlenecks, potential synergies and supply chain ramping up
a. Volume & automation driven improvements
b. Supply chain management
The information provided will be anonymized and (where possible) aggregated, with the purpose of
identifying those industry trends relevant to shape a realistic supply chain outlook.
Accurate and comprehensive answers would allow an effective output for all stakeholders. In
particular, the more detailed the input from industry, the better the evidence base will be to justify
supportive policies for FC mCHP in future.
We recognise the potential commercial difficulty associated with some of the questions and
welcome feedback to improve their content.
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7.3.Understanding the success of the ENE-FARM programme

Case study – the ENE-FARM programme
The first Large-scale Stationary Fuel Cell Demonstration project started in Japan in 2002. It had
installed 3,352 PEMFC and 233 SOFC subsidies units into private homes by 2009 [6]. The project was
supported by the Japanese Government who provided subsidies to contribute to the purchasing
price of the unit. At the end of the first phase of the demonstration activities, three manufacturers
(Panasonic, Eneos (JX Nippon Oil & Sanyo) and Toshiba) launched commercial PEM systems for
residential applications under the common brand ENE-FARM.
In addition to developing PEM systems, Japanese manufacturers also developed SOFC systems for
residential applications with companies such as Kyocera, Nippon Oil and Toto starting trial
demonstration in 2007 and launching their commercial systems in 2012.
Over the last couple of years, the number of systems installed in Japan has continuously been
ramping up and is estimated to be around 50,000 units as of 2013. The Government has already
reduced the funding available for the units to ¥1.4 million ($14,987) per unit in 2009 to ¥450,000
($4,817) as of 2013 [1]. This is in line with the government roadmap for Hydrogen and Fuel Cell
Technologies which planned fuel cell for residential applications to be fully commercially ready and
requiring no subsidies for the period by 2015 [1].
This relatively quick ramping up of the sales has meant that the technology providers in Japan have
benefited from the learnings associated with a high volume production. Benefits include:




Accumulation of operating hours through real world experience, demonstration technology
readiness for commercial applications;
High level of system simplification and standardisation, allowing cost reductions and smaller
overall systems more suitable for residential applications;
Reduction of the cost of manufacturing and assembly of the system and therefore of the
commercial price, allowing the manufacturers to cross the critical step of the ‘valley of death’.

The PEM technology providers have very good records of progress made over the short period
between the launching of the systems and 2013. In a statement from Toshiba, the company
describes costs reduction of 30% over the period by technology development around the stack (by
reducing the number of cells by 15% and the amount of platinum by 20%), associated with a
simplification of the BoP subsystem (reduction of components by 40%) [6].
Similarly, Eneos estimated that they managed to simplify and reduce the overall size of system by
40% over the same period [6].
Finally, Panasonic estimated to have reduced the size of the system’s components by 30 to 40%,
simplify the countdown of components of the overall system by 30% and reduced the overall weight
of the system by 20% [6].
Most interestingly, and as a statement of the success of the ENE-FARM project, the Japanese
technology providers are launching their technologies to Europe through collaborative commercial
agreements with major European manufacturers scheduled for 2014 and 2015: Bosch is partnering
with Aisin, Viessman with Panasonic and BDR therma (Baxi Innotech) with Toshiba. The cost
reduction and experience acquired through the high volume production and demonstration is very
attractive to the European Manufacturers who have not yet reach similar volume and are not
expected to do so in the coming years.
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The success of the project can be attributed to several factors. Most importantly, the government
backing, both financially and politically provided a secure environment for the deployment of the
technology. The Japanese Government recognised stationary fuel cell mCHP as one of the twentyone key technologies selected for its “Cool Earth Program” [20]. The historical context, with Japan
existing nuclear activities following the Fukushima tragedy, also left the energy sector in demand for
solutions to provide alternative ways to produce energy at the local level, which worked in favour of
distributed generation systems such as FC mCHPs.
In a statement at the IPHE Workshop in Japan in 2011, Toshiba attributes the key factors for the
success of the programme to [20]:
(i)
the governmental leadership;
(ii)
the collaborative development under NEDO (Fuel Cell and Hydrogen Technology
Development Dept) driven Project;
(iii)
the technology potential from manufacturers with a long history of development;
(iv)
the collaboration among the Japanese companies and;
(v)
the partnership between energy companies and manufacturers.
In Europe, the FC mCHP technology does not benefit from a similar positive context. At the European
and National level, the funding agencies and governmental administrations remain technology
neutral and support equally the different competing low carbon technologies for residential
applications. The political backing of the technology is also uncertain with a wide variety of
approaches in terms of incentives available at the National level ranging from feed-in tariff or green
certificates to no support at all. At the European level, the recent eco labelling regulation is based on
calculation methodology that seen to disadvantage FC mCHP systems against competing
technologies.
Lessons can be learnt from the ENE-FARM project and transfer to Europe but any comparisons
between the ENE-FARM programme and ene.field project should take into account the contextual
differences between the two initiatives.
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7.4.Existing collaborative efforts for FC mCHP systems, the example of
Germany
Case study – Experience from collaborative efforts in Germany
Potential for and impact of joint development and collaborative efforts across the supply chain
Collaboration between FC mCHP manufacturers has been identified as a key step to allow cost
reduction for FC mCHP systems in Europe. Collaboration activities through the ENE-FARM project
have for example been very successful in Japan and have been highlighted has a key reason for step
cost reduction during the programme (see also section 7.3 “Understanding the success of the ENEFARM programme” on the topic). However, collaborative efforts have had limited success in Europe.
Interestingly, this is not due to a lack of efforts from the sector but seem to come from hurdles that
are not intrinsic to the sector. In Germany, where a high number of the Europe manufacturers and
suppliers are based, industry grouping and governmental supported activities exist to encourage
joint development and collaborative strategies. The reasons for this are analysed below.

Current development and on-going activities
In Germany, the National Innovation Programme for Hydrogen and Fuel Cell Technologies (NIP) has
invested 1,400 M€ into fuel cell and hydrogen applications for the period 2007-2016 [21]. The goal
of the NIP is to:




Accelerate market development through targeted support and promotion of hydrogen and
fuel cell sectors in mobile, stationary and portable areas
Strengthen value chains and added value in Germany
Secure technological leadership and implementing the technology in Germany

The implementation of the NIP is managed by the National Association for Hydrogen and Fuel Cell
Technologies (NOW). NOW responsibilities include:




The merging of individual strategies into an overall programme on the basis of the National
Development Plan
Regular evaluation of the consistency and relevance of the overall programme, and
European and international aspects [22].

The NOW is actively involved in facilitating contact between German manufacturers and suppliers.
For several years, the NOW has organised a market place event aiming to facilitate exchange of
ideas, commercial discussions and potentially joint development activities between the stakeholders
of the sector (from automotive to telecommunication applications, looking at development,
manufacturing and production facilities) [23]. It is estimated that 50 to 60 organisations will be
represented at the future market place event that is organised in Berlin in May 2014.
The German industry representatives are also very active in this topic:


The VDMA (German Engineering Federation) Fuel Cells Association regroups 60
organisations of manufacturers and fuel cells and components manufacturers for heating
systems and other applications. The VDMA is the industry network and a communication
platform for the industry to network and lobby for common interests [24].
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The IBZ initiative promotes the development of fuel cell technologies and encourages its
commercialisation. This organisation regroups energy companies, manufacturers, the
German Energy Agency (dena) and the NOW. The partners are active at different levels,
ranging from the development of appliances and components, field tests and demonstration
models to the establishment of standards and the training of professional tradesmen [25].

These groupings have seen some successful results: the Callux project, the German residential FC
mCHP programme, was launched as part of the NIP program which funded 48% of the € 80 million
project budget [26] and both the VDMA and the IBZ are providing on-going support to facilitate
commercial discussions between key players. However, initiative as for example the work carried out
to develop common specifications for desulphurisation cartridges have not resulted in concrete
common strategies yet. In addition to component specific barriers, structural hurdles have been
identified has adding to the complexity of forming this collaborative initiatives.

Recommendations for future collaborative efforts


Legal hurdles: Joint development activities and common buying strategies for competitors
are legally restricted in Europe by competition law.
Competition principles have been introduced in European Law through the treaty of Rome in
1957, which is the funding treaty of the European Economic Community (EEC) and aim to
develop the a system ensuring that competition in the common market is not distorted.
Principles of the Competition Law include provisions for concentrations, or mergers, anticompetitive agreements, and the abuse of a dominant position by companies. This has an
impact on the extent to which collaborative efforts can be put in practice when it comes to
common commercial strategies. Buying syndicates are a good example of this, they are not
allowed unless the parties involved in the buying syndicate set up a common company for
the purpose of the buying syndicate. Significant resources would need to be allocated to the
setting up this type of organisation which would limit the benefits of this type of common
strategies. In addition, organisations do not have the flexibility or the will to set up a
common company with their direct competitors as this has important implications in their of
business strategies.



Hurdles related to non-alignment of development activities’ timeframes: Collaborative
research and development activities are dependent on the internal timeframes for R&D
programmes of each organisation: they will follow their own internal deadlines and
timeframes and cannot easily arrange for new development activities to be organised in the
short term in order to commence collaborative development.



Hurdles justifying allocation of resources associated with collaborative efforts: It is often
complex for organisations to justify with their hierarchy the use of resources for
collaborative efforts as the benefits of these activities are difficulty quantifiable. While small
organisations have more limited resources to invest in these types of activities, bigger
companies will be required to demonstrate the business case for investing in development
for a specific technology against the other technology developed. This is therefore a major
challenge for both small and bigger organisations.

Drivers for a successful approach


Understand the legal hurdles, such as the legal restrictions related to Competition Law, is a
major requirement to developing common commercial strategy. The implications of
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restrictions in relation to law should be understood better.
Collaborative R&D should be envisaged in the long term so that organisations can align their
development timeframes to collaborate on key activities. This will require a better
understanding of manufacturers’ internal strategy and development programme.
The justification of resources is a challenge for all organisations. This should be considered
when collaborative efforts are undertaken either by putting some efforts in building a
business case for the proposed activity or by securing funding for these activities.

Interviews with:
 Vaillant (Alexander Dauensteiner)
 VDMA Brennstoffzellen (Johannes Schiel)
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7.5.Other existing collaborative efforts for FC mCHP in Europe
Similar initiatives to the ones in Germany exist in other countries and at the European level.
In Denmark, the Danish Partnership for Hydrogen and Fuel Cells brings together Danish
manufacturers, research institutions, network organizations and authorities under a common goal:
promoting hydrogen and fuel cells in Denmark and creating a platform for international cooperation
between Denmark and other countries. The members of the association collectively work together
to promote:
• The coordination and integration of fuel cell activities in Denmark;
• Focused effort through publication of national strategies; and;
• International collaborations [27].
At the European level, two agencies could be of relevance for these activities:
•

The International Energy Agency (IEA) Advanced Fuel Cells platform [11].

The aim of this technology platform of the International Energy Agency is to contribute to the
research & development (R&D) of fuel cell technologies, deployment of fuel cell technologies and
dissemination thereof for all its member countries and organisations. It fosters and assesses R&D
and deployment of fuel cells on an international basis and conveys key messages to the community,
the IEA, policy makers and the public. The platform also liaises and works with other IAs where
value can be add from collaboration. The IEA is an autonomous agency established in 1974 that
carries out a comprehensive programme of energy co-operation among 28 advanced economies.
•

The International Partnership for Hydrogen and Fuel Cells in the economy (IPHE) [28].

This association was created in 2003 with the aim to accelerate the adoption of hydrogen and fuel
cell technologies into the global economy. The four priority focus areas of the IPHE are:
7.6. Accelerating the market penetration and early adoption of hydrogen and fuel cell
technologies and their supporting infrastructure;
7.7. Policy and regulatory actions to support widespread deployment;
7.8. Raising the profile with policy-makers and the public; and;
7.9. Monitoring hydrogen, fuel cell and complementary technology developments.
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7.6.Potential for joint development across manufacturers, the example
of desulfurization cartridges
Case study – Desulphurisation cartridges
Potential for and impact of joint development for desulphurisation cartridges
The natural gas used as fuel stream to feed the FC mCHP contains traces of sulphur that are
detrimental to the FC stack. The quantities of sulphur in the fuel feeding the system is critical: it will
have an impact on the performance of the cartridge and, in the event where a peak of sulphur
happens, the cartridge might not be able to cope with the quantity present in the gas, resulting in
sulphur being transmitted to the stack, causing damages or even leading to a full outage of the
system and destroying the most expensive part of the system, the fuel cell stack. A complete
desulphurisation of the fuel is therefore required. This function is assumed by the desulphurisation
cartridge, a key component of the fuel processing sub-system.
Sulphur is partly naturally present in natural gas but is also added by the utility companies as an
odorant allowing gas leaks to be detected more easily. Utilities companies have restrictions as how
much sulphur can be inputted into the grid but, under this threshold, the quantities of sulphur vary,
sometimes greatly, between European countries and even regions within a country. It is for example
estimated that in Germany the quantity of sulphur can vary from a factor of 1 to 4 between regions.
As a result, no referential amount of sulfur can be used to set standard specifications for
desulphurisation cartridges. Gas companies provide indicative references on the amount of sulphur
present in the natural gas but they do not provide information on peak events.
Desulphurisation cartridges can be tailored to absorb high amount of sulphur. It is however
important to note that the cost associated with the performance of the cartridge will increase
significantly as the ability to absorb sulphur rise. It is estimated that the current starting price is
around € 500 for a cartridge that will require replacement every four years (replacement might be
required more frequently for the bigger FC mCHP systems in the market as the amount of fuel
consumed and therefore sulphur to be absorbed by the cartridge are higher). Similarly, the ability of
the cartridge to absorb sulphur has also an impact on the size of the cartridge, which is a critical
aspect of the development of the system. Increasing the thickness of the absorbent to calibrate the
cartridge to peak events is therefore not realistic or economically sensible.
Desulphurisation cartridges are an interesting example of a component that could see joint
development and common commercial strategies across the FC mCHP manufacturers as:




It is component with a relatively high price for the system, providing opportunities for cost
reduction,
It is a component for which the system manufacturers have not invested important
resources and do not have company IP; which should ease the process of setting up joint
development activities as commercial sensibilities will be preserved;
Issues around desulphurisation cartridges are shared across the manufacturers, using SOFC
and PEM technologies, as sulphur acts as poison for both cooper and nickel based catalysts.
A high number of players could therefore be interested in developing a common solution.
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Current development, on-going activities and barriers to joint development
At present, a limited number of players worldwide manufacture desulphurisation cartridges for FC
mCHP systems. The desulfurization cartridge providers have also a limited interest in investing
resources to develop cartridges with better performances or smaller costs due to the low volume of
production at present. For example, they do not provide any guarantee regarding the expected
lifetime of the cartridge.
In the past, both academic research and collaborative efforts from industry / academic group have
been developed to find more suitable solutions but with limited success up to date. The current
status of development of these activities is described below:








The addition of sensors into the reformer subsystem could prevent leak of sulphur and fuel
cell stack damage. However, these sensors are costly and their addition to the system will
contribute to increase the complexity of the maintenance as well as increase the overall cost
of on-going operation of the system.
A collaborative development project around desulphurisation cartridge was set up in
Germany in 2009, called desulphurisation solution for fuel cell heating systems (BZHG)18. It
involved major European chemical companies that provide the expertise in desulphurisation
activities as well as several FC mCHP developers and research institutes with the aim to
develop a standardised solution for desulphurisation cartridges across the OEMs [29]. The
project had limited success due to the supplier involved requesting a minimum order of 1
million units / year to develop the standardised component. One interesting finding of the
project was that the price of the cartridge produced for FC mCHP specifications will be
similar to the price of the cartridge available in the market today. The benefits of investing in
developing this standard would therefore have been limited.
Alternative methods are also under development and could contribute to reducing the price
of the desulphurisation process. For example a multi-steps approach could allow reducing
cost associated with specific part of the desulphurisation process by subdividing the
cartridge into several components. However, this could have a potential impact on the
complexity of the system which could be detrimental to the system. Alternative methods are
usually investigated by research institutes and Universities but funding for this kind of
research is limited.
It is expected that gas utilities could start using odorants without sulphur in the coming
years. This needs to be investigated further.

Recommendations for future collaborative efforts
1- Understanding on-going research & development activities
 Getting a better understanding of odorants that are currently used in the gas at the national
and regional levels to allow manufacturers to adapt cartridge performances to required
levels. This could be done by monitoring levels of sulphur and / or engaging discussions with
gas utilities.
 Contribute to development of next generation cartridges based on alternative methods.
 Develop cartridges in collaboration with research institutes – a better understanding of the
resources and knowledge available in Universities and Institutes is required.

18

Branchenlösung Entschwefelung für Brennstoffzellenheizgeräte (BZHG)
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2- Develop commercial strategies
 Source desulphurisation cartridge from Japan. European manufacturers should contact
Japanese cartridge providers as a group to gather information on technology available in
Asia and potential import to Europe. At present, exchange of information between individual
manufacturer and supplier have had limited success.
 Arrange buying syndicate. Buying syndicates are complex to arrange due to legal constraints
set by European competition law. Buying syndicates should be set with small flexible
organisations that have higher interests in developing specified components.
 Joint development with other sector should be investigated. Biogas plants also produce high
level of sulphur as part of their energy production process. Desulphurisation for importing
into the main grid is required and plant use desulphurisation cartridges too.

Interviews
 Elcore (Martin Eichelbrönner)
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7.7.List of relevant suppliers

Source: Stationary and portable fuel cells information resource, Information Resource for Highlands
& Islands Enterprise E4Tech, Element Energy and PURE Energy Centre. Available at: http://www.hienergy.org.uk/Downloads/Hydrogen%20Fuel%20Cell%20Resource/2-Stationary-and-portable-fuelcells-information-resource.pdf
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