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1 Introduction
Fuel cells are a promising technology for generating electricity from pure hydrogen or hydrogen-rich
fuels such as methane or liquefied gas with high conversion efficiency. Due to their good scalability
and other positive properties such as low noise and pollutant emission, they are well suited for
decentralised electricity supply for residential buildings as well as for commercial infrastructure. The
fuel is typically provided as natural gas from the gas network or as hydrogen from bottles. In
residential buildings, a highly energy efficient approach is to use the heat generated in the
conversion process in the fuel cells for space heating and domestic hot water generation. This
concept of local combined heat and electrical power production is commonly called combined heat
and power (CHP), in low power applications micro-CHP.
While the principle of a fuel cell has been known for a long time, fuel cell-based applications for
residential buildings and commercial infrastructure have in Europe only become commercially
available in the last two decades. To support the adoption of fuel cell-based micro-CHP, several
national and EU-wide field trial projects have been organised, such as the German Callux, the
Danish micro-CHP, and the Fuel Cells and Hydrogen 2 Joint Undertaking (FCH JU) Ene.field and
ongoing European Union PACE projects. The experience from these projects was, among other, that
deployed systems required high maintenance effort with prohibitively expensive service tasks,
significantly reducing the systems attractiveness for potential customers. Important reasons for this
were:




Expensive, non-standard service parts
Complicated exchange procedures due to non-service friendly system design
Specialised knowledge and training required for service technicians

To systematically address these obstacles to more wide-spread employment of fuel cell-based
applications such as micro-CHP and back-up power systems, the Design 2 Service project was
initiated by a consortium of European fuel cell application and components manufacturers, energy
service providers and research institutes as part of the European Union’s Horizon 2020 programme.
The main objectives of the project are:






Improvement of design of systems and components to facilitate maintenance
Improvement of components to improve durability
Improvement of service procedures to facilitate maintenance
Improvement of service manuals to facilitate maintenance
Improvement of remote monitoring and diagnosis to detect failures early to avoid damage,
detect failure patters and save travel costs

The D2Service project started in August 2015. In a first phase, the status quo of various maintenance
aspects was investigated by analysing system service structures, system designs, component failure
and aging causes and local gas and water qualities. In a second phase, based on the previous analysis,
selected components and system design improvements were implemented as well as manual design
3

D2Service Project Overview Report

guidelines were elaborated. The improved systems were tested in laboratory regarding efficiency
under reproducible operating conditions. In a third phase, the systems are currently deployed at
selected field trial customers to gather data about serviceability and costs under real-life conditions.

The project started in September 2015 and ends in March 2020.

The D2Service project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking.
This Joint Undertaking receives support from the European Union’s Horizon 2020 research and
innovation programme and Hydrogen Europe and Hydrogen Research.
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2 Project consortium
The D2Service consortium consists of six partners from four European countries:







SOLIDpower SpA – Italy
Energy Partner S.r.L – Italy
Ballard Power Systems Europe A/S – Denmark
Bosal Emission Control Systems NV – Belgium
DLR Institute of Networked Energy Systems – Germany
Zentrum für BrennstoffzellenTechnik GmbH – Germany

SOLIDPower SpA
SOLIDpower SpA’s core business is the development,
production and commercialization of SOFC-based power
modules for the stationary market. Company focus is
currently on micro-cogenerator appliances (micro-CHP) of
small power (1-2.5 kW electric) for the distributed
generation market which offers both high electric and
thermal efficiency (typically 50 % electric and 90 %
cogeneration efficiency). Starting from 2008, the company
counts on a pilot production plant in Italy for
manufacturing cells, stacks and Hotbox modules with a capacity up to 2 MW/year. SOLIDpower
participates in the ene.field and PACE projects as manufacturer of FC generators and is dedicated to
bring FC generator to commercial success within the next three to four years.
The company has a large industrial and R&D experience on SOFC technology and related products,
including all required manufacturing and quality control aspects necessary to properly integrate a
new technology in market products. Despite the young age of the company (2006), the experience
on SOFC can be traced back to the Swiss Affiliated HTceramix SA (Lausanne, CH), spinoff of EPFL
funded in 2000 and acquired by SOLIDpower in May 2007, while the Industrial experience stems
from 40 years’ experience of major investors. The company is also currently involved in several R&D
projects at the European and National level.

Ballard Power Systems Europe A/S
Ballard Power Systems Europe A/S (former name
“Dantherm Power") is Ballard Power Systems Inc
presence in Europe with headquarters in Hobro,
Denmark. They bring extensive expertise in fuel cells
and access to market. The company started in 2003
as a R&D project within Dantherm Air Handling A/S and was fully acquired by Ballard Power Systems
Inc. in 2016.
Ballard Power Systems Europe A/S develops clean energy backup power systems, utilizing Ballard
Power Systems’ hydrogen fuel cell technology, for telecom suppliers including Motorola and
Ericsson. It also provides design and engineering services through his Technology Solution
department and also supports the bus service activity for Europe. Ballard Power Systems Europe A/S
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is an international enabler and the leader in Europe when it comes to the commercial application of
hydrogen and fuel cell technologies both for stationary and motive application. Ballard Power
Systems Europe A/S is involved in both Danish and international research initiatives within hydrogen
and fuel cell technologies and is determined to stay at the absolute forefront, ready to introduce a
reliable solution whenever and wherever hydrogen and fuel cells prove to be a commercially and
environmentally viable alternative to traditional
energy supply applications.

Energy Partner S.R.L.
Energy Partner has been settled in 2007, after the
start of the photovoltaic feed in tariffs incentive
programme in Italy. Since then Energy Partner has
been installing more than 500 PV plants across Italy,
including 13 of them coupled with Hydrogen and Methanol based fuel cell in the scope of the “Fuel
Cell Powered Radio Base Station Project” funded by the EU. Energy Partner does provide system
design, installation, commissioning and post-sale services capabilities. Energy Partner is a Sunpower
Premium Partner and Fronius Service Partner Plus.

DLR Institute of Networked Energy
Systems
The DLR Institute of Networked Energy Systems
(DLR-Institut für Vernetzte Energiesysteme e.V.) in
Oldenburg develops technologies and concepts for
future energy supply based on renewable energy
sources. The major challenge is how to form stable and efficient energy systems from weatherdependent decentralised production units. The research for this transformation process follows a D3
approach (D3 = Decarbonisation, Decentralisation, Digitalisation).
The Institute’s three departments – Urban and Residential Technologies, Energy Systems Technology
and Energy Systems Analysis – work on system-related issues for intelligent and efficient linking of
the electricity, heating and transport sectors. Systems of all sizes and levels are being investigated,
ranging from individual installations and “smart” buildings to networked residential districts and
cities. The Institute also evaluates energy systems at national and international levels, using its own
network structure models and technology assessment methods.
The institute was previously named NEXT ENERGY and has currently around 150 staff members
including the Division Urban and Residential Technologies with around 40 members. The DLR
Institute of Networked Energy Systems has laboratories which are equipped for tests of CHP systems
under real working conditions. In these laboratories tests are performed on real operating
measurements for complete CHP systems, proof-of-concept developments (hardware and software)
and hardware developments for the management and network integration of CHP systems. The DLR
Institute of Networked Energy Systems developed house energy management systems (HEMS) are
controlling and collecting all relevant streams in high resolution. Also there are test benches for
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characterizing stacks regarding the influence of temperature, humidity, pressure, stoichiometry at
the anode and at the cathode side on the performance. The characterization includes current-voltage
curves. Additionally, gas compositions can be varied
and modified to simulate a reformate gas.

Zentrum für BrennstoffzellenTechnik GmbH
The Zentrum für BrennstoffzellenTechnik GmbH
(ZBT) was founded as fuel cell research centre in
2001 by the State of North-Rhine Westphalia and the
European Fund for Regional Development and is
located in Duisburg, Germany. Focusing on application-oriented R&D ZBT bridges the gap between
basic research at the University and requirements of industry. Today ZBT acts as established partner
of industry, research institutions and universities in the field of fuel processing and battery
technology as well as novel energy technologies. About 90 full time employees plus students work in
seven departments: fuel processing, fuel cells and systems, electrochemistry and coating, micro
systems and fluid mechanics, hydrogen and batteries, production technology, quality assurance and
testing. ZBT is a non-profit, limited company, CEO is Prof. Dr. Angelika Heinzel and shareholder is the
University Duisburg-Essen.

Bosal Emission Control Systems NV
The Bosal Group is headquartered in Lummen,
Belgium. The group annual turnover in 2013 was
in excess of € 840 million. The Bosal Group
employs 5,600 people in 34 manufacturing plants,
five R&D facilities and 18 distribution centres. Bosal’s main business is the mass production of sheet
metal products: more than 120'000 tons of steel are processed in the production facilities each year.
Automotive applications are the main line of business, realising 82 % of turnover. The product range
includes exhaust systems, tow bars and roof bars. The industrial product portfolio lists precision steel
tubes and tubular profiles, cabs for agricultural and industrial vehicles, and warehouse racking.
Bosal’s line of high temperature heat exchangers is capable of exchanging 2 – 300 kW heat. The heat
exchangers are used as recuperators for micro gas turbines, Stirling engine preheaters and steam
generators. The HEX technology is based on Bosal’s line of thin walled metal substrate catalysts,
developed to withstand the high temperatures and vibrations close to the engine. Bosal develops its
products at five research centres. Lummen based Bosal ECS NV is the leading research centre.
Development for the European and Asian automotive markets are done in Lummen, as well as all
research on emissions, endurance, heavy duty and heat exchangers.
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3 Overview of employed systems
In the project, several different systems and fuel cell technologies are investigated and improved.
The manufacturer SOLIDpower is developing solid oxide fuel cell (SOFC) systems, whereas the
manufacturer Ballard Power Systems Europe is focussing on polymer electrolyte membrane (PEM)
technology. SOLIDpower is working on two micro-CHP systems within the project, in an earlier phase
on the 2.5 kW system EnGen™ 2500 and in a later phase on the 1.5 kW system BlueGen™. Ballard
Power System Europe investigates the 2 kW micro-CHP system FCgen-HC2-prime as well as the backup power system FCgen-H2PM.
SOLIDpower EnGen™ 2500
SOLIDpower EnGen™ 2500
Electrical Output

2.5 kW

Thermal Output

2.0 kW

Type of fuel cell

SOFC

Electrical efficiency (lhv)

50 %

Thermal efficiency (lhv)

40 %

Operation mode

Constant operation

Intended use
Size

Residential and small
commercial buildings
83 x 63 x 170 cm

Weight

350 kg

SOLIDpower BlueGen™
SOLIDpower BlueGen™
Electrical Output

1.5 kW

Thermal Output

0.6 kW

Type of fuel cell

SOFC

Electrical efficiency (lhv)

55 %

Thermal efficiency (lhv)

33 %

Operation mode

Constant operation

Intended use
Size

Residential and small
commercial buildings
120 x 55 x 80 cm

Weight

230 kg
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BPSE-FCgen-HC2-prime
BPSE-FCgen-HC2-prime
Electrical Output
Thermal Output
Type of fuel cell
Electrical efficiency (lhv)
Thermal efficiency (lhv)
Operation mode
Intended use
Size
Weight

2 kW
4.7 kW
LT PEM
26.5 %
64 %
Return temperature
controlled
Residential buildings
180 x 100 x 60 cm
350 kg

BPSE-FCgen-H2PM
BPSE-FCgen-H2PM
Electrical Output
Thermal Output
Type of fuel cell

5 kW
-LT PEM

Electrical efficiency (lhv)
Thermal efficiency (lhv)
Operation mode
Intended use
Size
Weight

0%
Electrical demand
following
UPS for commercial
facilities
50 x 57 x 62 cm
75 kg
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4 Analysis of starting point
Internal analyses
The serviceability of the units employed in the
project has been analysed by each
manufacturer. The serviceability aspects and
components requiring most effort have been
identified and prioritised for subsequent
improvement. The following aspects have been
investigated:






System housing, component locations
and mountings
Connection methods, possibility for
Analysis of micro-CHP component service complexity.
using quick connectors
Component exchange complexity
Component durability
Annual
and
periodical
service procedures

Evaluation of a cartridge exchange procedure.

Field trial evaluations
To obtain a better understanding about service reasons and failure causes of existing appliances, the
following national and European field trials have been evaluated:
Partner

Field trial

Type

DLR

Callux

Micro-CHP

SOLIDpower

CRISALIDE

Micro-CHP

Ballard

Danish MicroCHP

Micro-CHP

Ballard

ene.field (systems deployed in
Denmark by BPSE)

Micro-CHP

Ballard

Commercial

Back-up (Hydrogen fed)

The following table shows the type and number of employed appliances and the duration of the field
trials:
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Field trial

Manufacturer

Type

Number

Duration

Danish Micro CHP
ene.field

Ballard
Ballard

LSN1-mCHP
LSN1-mCHP

20
1

Nov 2011 - May 2013
Nov 2014 - May 2017

ene.field

Ballard

5

Nov 2016 - May 2017

CRISALIDE
Callux

SOLIDpower
various

FCgen-HC2mCHP
Asterix
various

7
> 474

2012 - 2015
2008 - 2015

From the field trial data, statistics
about failure reasons and
frequencies as well as service
costs were derived.

Danish micro CHP - Internal
failure field trial
1% 11%

3%

27%

·

Air supply

·

Cooling circuit

·

Process water

·

Fuel quality

·

Control

7%
5%

13%
1%

49%

9%

Evaluation of internal failure causes in the Danish micro CHP field trial.

Key performance indicators
To quantify the progress of the development in the project, key performance indicators regarding
service effort and costs are used. Exact numbers, however, are difficult to give due to the
prototypical status of the systems investigated in the project.
Micro-CHP
The following table shows the key performance indicators used in the project for the micro-CHP
units.
Manufacturer

Service time / presence time
of maintenance technician
Total down time for servicing

SP

h

8

<4

4

Best est.
of final
project
result
<4

SP

h

120

< 48

48

0/48/72

Service interval

SP

1/a

4

<1

1

<1

1)

Unit

Starting
point

Target
for
project

Achieved to
date in
project

1)

Down-time for single service. 0 h for service for components apart from HotBox; 48 h for periodical service; 72 h
for stack replacement
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Backup power
The following table gives an overview of the impact of the improvements on the backup power units
regarding the total cost of ownership.
FCgen H2 PM 5 kW - Total cost of ownership reduction
Tasks
Purge exhaust
Optimization of selfsimplification
diagnostic tool
Material (€)
-300
-15000
Labour (€)
-206
-1200
Rational
Simplified hardware
No stack replacement in 10
years
Others

Noise reduction; No
intrusion in the roof;
Better customer
acceptance

Site monitoring and data
accessibility
-500 every other year
Reduction of the service
visit by 50 % over the life
time of the product

Needs to be verified during
the program; helps to
better understand leak rate
aging.
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5 Developments
System improvements
Solid Power Units
The SOLIDpower systems EnGen™ and BlueGen™ have been improved in several aspects with respect
to component access and exchange. The following table shows the various improvements in
comparison with the previous EnGen™ version.
Objective
BOP accessibility

EnGen™ Gamma
(Starting point)
Difficult removal of heavy
lateral panels.

EnGen™ Delta

BlueGen™

Front panel and lateral
panels light and easily
removable with four cam
locks.
Stack connected to Hot
BoP by a flat manifold, can
be replaced with a forklift.

Front panel light and easily
removable with four cam locks.

Stack

Stack integrated in Hot
BoP. Removal requires
special tools; can only be
performed at SP facilities.

Hot BoP

Hot BoP is part of frame
and cannot be replaced
outside SP facilities.

Hot BoP is part of frame
and cannot be replaced
outside SP facilities.

Cold BoP

Placed below Hot BoP;
layout affected by Hot BoP
complexity; difficult to
reach certain components.

Water treatment
system

Simple mixed resin
cartridge surrounded by
many pipes; difficult to
move. Fixed to frame with
4 screws.

Placed below Hot BoP;
layout clean; components
for yearly maintenance
easily reachable by
opening lateral panels;
parts replacement also
possible with system in
operation.
Simple mixed resin
cartridge fixed to frame
with 4 screws; smaller and
easier to handle.

Air Filter

Two air filters, one for
blower, not easy to handle
because surrounded by
pipes and cables.
Consists of two cartridges;
not easily reachable
because of cabling and
piping; difficult to tighten
some connections.

Desulphurizer

A simple air filter that can
be replaced without tools in
less than a minute.
One single cartridge, very
easy to replace. Apart from
gas connections, the
cartridge is fixed with two
screws.

Stack connected to Hot BoP
by a flat manifold and
integrated into BoP. Stack
replacement only at SP
facilities; whole BoP is
replaced in case of stack
failure.
Hot BoP including stack can
be easily replaced in the
installation site with dedicated
tool by one single operator.
Cold BoP is placed before Hot
BoP; components easily
replaceable. Hydraulic and
electrical connections are fool
proof.

Very complex but effective and
reliable; contains also pump to
feed the process water and
related control board. Easy to
remove and mount without
tools. Fool proof hydraulic and
electrical connections.
Air filter fixed by a wingnut can
be removed and installed
without interferences with
other devices.
One single cartridge, very
easy to replace. Apart from
gas connections, the cartridge
is fixed with cable ties.
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Redesigned stack and housing layout for easier on-site stack
exchange of the EnGen™ 2500.

BlueGen™ redesign into the Evo-1 model
led to a noticeable change in the cabinet
size. As clearly shown in the pictures
below, the size of the two BlueGen™
models are quite different: the new one is
taller (124 vs. 105 cm), a little bit
narrower (55 vs. 60 cm) and has a greater
depth (75 vs. 66 cm), in order to
accommodate the Cold and Hot Balance
of Plant (BoP) components and to fulfil
the improved serviceability requirements.

Comparison of the size of BluGen™ Evo-0
(on the left) and BlueGen™ Evo-1 (on the
right).

BlueGen™ Evo-0 (on the left) with the
two panels opened for service,
compared to BlueGen™ Evo-1 (on the
right) where only one panel has to be
removed.
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Component improvements
Water clean-up optimization
A market survey and qualification of available ion exchange resins and a survey of tap water quality
had been conducted. The following material qualification results showed that by using one of the
qualified materials the size of the cartridge could be reduced significantly or keeping the size
constant the service interval could be considerably extended.
Life-time-desulphurization
Based on a European grid gas analysis a Hydro-desulphurization (HDS) reactor system has been
developed based on catalysts investigations. In parallel integration concepts for both the PEMFC and
the SOFC system had been conducted on the theoretical base. The catalyst investigations and the
following reactor qualification showed potential for retaining the sulphur load over long periods of
time. The operating times of 60,000 hours aimed for at the beginning of the project seem attainable
and maintenance costs should be minimized significantly. However, field tests over life time still have
to confirm this.
A Hydro-desulphurization reactor is tested in March 2019 at ZBT by connecting the reactor to the gas
inlet of an EnGen-2500 Gamma to demonstrate the effectiveness of this filtering technology, and to
check if the degradation trend is compatible with the expected lifetime.
Integration of such a filter into a SOLIDpower micro-CHP is not possible at the moment, because it
needs the recycle of part of the anodic exhaust, which cannot be attained in the BlueGen currently
manufactured.
Heat exchanger
SOFC systems work in a very harsh environment and are demanding for materials that should
operate continuously for at least 10 years. Ferritic steels are good candidates for this kind of
environment because are a good trade-off between cost and performance. On the other hand,
ferritic steels are rich in Chromium which is poisonous for SOFCs cathode, and may dramatically
affect stack lifetime and time span between replacements.
Protective coatings can reduce Chromium evaporation. A study was carried on to coat the surface of
the steel made cathodic air heat exchanger, where the air is warmed up to temperatures around 600
– 700 °C before entering the cathode. A good result was achieved by a uniform aluminium coating.
This coating process is promising because it should protect the cathodic catalyst from Chromium
poisoning without affecting heat exchanger efficiency.
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Thermal insulation
To maximise the waste heat utilisation, the systems have been analysed concerning their housing
surface temperatures under operation. As a consequence, the housing as well as the exhaust pipe
insulation has been improved. This is illustrated in the following two figures that show the
SP EnGen™ Gamma that reached a surface temperature of up to approx. 54 °C. In contrast, the
BlueGen reaches only a maximum surface temperature of approx. 36 °C, which reduces the heat loss
to the environment significantly.

Thermographic picture of SOLIDpower EnGen-2500™ (left) and of the SOLIDpower BlueGen™ (right).
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Remote monitoring and diagnosis
Remote monitoring for BPSE FCgen-HC micro-CHP
Remote monitoring tools for the
FCgen-HC-mCHP are developed and
improved in the project. A dedicated
interface has been defined using a
webpage interface which is simple and
can be made accessible on different
devices like phone, tablets and PC
assuming that the fuel cell unit is
connected to a local internet network.
An access point needs to be made
available by the operator or owner of
the machine which is sometime a
challenge.
The interface is based on several tabs,
some giving some top level information
about the performance of the machine,
the state machine and other general Remote monitoring system of BPSE.
information. One is dedicated to the
serviceability. Parameters such as fuel composition can be entered which will automatically correct
the lifetime of certain serviceable items.
Among the consumables of the system, four items can be replaced: the desulphuriser, air filter, FC
cooling deionized cartridge and process water deionized cartridge. The lifetime is calculated based on
a parameter file (regional parameters), accumulated amount of reactant and coolant and
experimental characterisation of the capacity of the different sorbents.
Remote monitoring and diagnosis for BPSE-FCgen-H2PM
Data accessibility
Gathering data by during the yearly visit by manually downloading data from a local SD card to a
service computer is necessary when there is no other way of remotely accessing the data. Remote
data access possibilities and infrastructure is investigated to reduce the data gathering effort and
reduce the reaction time to events that can be detected from the data.
Diagnosis
A diagnostic tool to estimate the remaining of life of the fuel cell system taking into account various
stack measurements is developed. An Air starvation optimization routine has been developed using
the diagnostic results to increase the life time of the system and reduce stack replacement.

Remote monitoring for BlueGen™
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An instrument very useful for
the system monitoring is the
BlueGen-net™, where the
operator can be connected
with all the systems installed
at once and observe the
arising of warnings of alarms
and take the adequate
counter
measures,
preventing severe damages
to the systems. The interface
is rich of tabs and menus to Remote monitoring and customer interface by SP.
provide a complete overview
of the unit state and the data logged can be sent to a data mining software to statistic and causeeffect analyses.
The BlueGen-net™ allows highlighting the warnings and the alarm and provides a deadline for some
actions to be performed, so that the service operator can easily schedule his work reducing the risk
of missing some. This tool is extremely effective for performance and reliability of the BlueGen™
installed units, and helps in improving customer satisfaction because he knows that the
manufacturer is aware of any malfunctioning and works to fix it.
The BlueGen-net™ also provides a simplified user interface for the customers to monitor the
operation of their micro-CHP systems. Currently this interface is quite basic, but some improvements
are going to be implemented to make it more graphically captivating and user friendly. Nevertheless,
instantaneous and cumulative values of the most relevant parameters are visible in both numerical
and graphical way.
Finally, a simple improvement which is going to be applied, because warmly requested by the
customers, is the installation of a light-emitting diode stripe on the front panel to indicate the state
of the micro-CHP at a glance.
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Service manual guidelines
An important step to
increase the deployment
of fuel cell-based microCHP systems is to enable
local technicians without
specialised knowledge
to install and maintain
the units. To achieve
this,
easily
understandable
installation and service
manuals should be
available which describe
all tasks and aspects
that do not require
special training, tools
and
background Example for an easily understandable introduction into micro-CHP technology.
knowledge. In the project,
guidelines for easily understandable service manuals are developed by the project partner DLR.
The elaborated manual
design guidelines give
recommendations
of
how to design different
aspects and topics of a
service
manual
for
micro-CHPs.
A
suggestion is to start the
manual
with
a
motivating introduction
into fuel cell and microCHP
technology
to
create interest and basic
overall and technical
understanding for the
reader.

Example of the instructions for exchanging a water treatment unit.

In a next section,
individual service tasks are illustrated. A main design principle is the use of as much graphical
illustrations and as little textual descriptions as possible, with the aim of facilitating understanding
and avoiding misunderstandings. All graphics and descriptions should be showing as many details as
necessary, but not more to avoid confusion.
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Further aspects that are addressed concern quick efficiency checks which can be performed by a
technician to approximately check if the system is performing as intended. Another topic is the use of
digital technology to facilitate the service procedures. The manual design guidelines present some
suggestions of how a service app on a smart phone could be designed, providing both digital versions
of the service task descriptions as well
as some augmented reality function to
aid the technician at the identification
of individual service task steps.

Possible layout and structure of a service app.

Example for augmented reality-based service task instructions.
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6 Verification
Laboratory evaluation
DLR laboratory tests
At the DLR Institute in Oldenburg, the systems that are
developed and improved in the project are tested in a
laboratory environment. This allows for controlled and
reproducible testing conditions. Of main interest are
the electrical and thermal efficiencies on the one hand
and installation and service aspects on the other hand.
The nominal electrical and thermal efficiencies are
determined in dedicated tests where the main
influencing parameters, which are the units
modulation levels and the hot water return
temperatures, are varied step-wise to cover the whole
operating range of the unit. To obtain estimates about
the unit performances in real-life installations, building
energy system scenarios including components such as
condensing boilers and hot water storages are
designed. To simulate system operation over a full year
including all seasons, time-lapse tests are used that
allow for a test time reduction typically by factor 10-20.
DLR laboratory installations of two micro-CHPs.
These shortened tests allow using the laboratory time
to investigate and compare different operation conditions and variants, such as the building heating
temperature levels, different heating and domestic hot water demands as well as varying buffer

Energy flow diagram for a micro-CHP unit operating in a building energy system.

storage connection configurations. From the measured energy flows, key performance indicators
such as electrical, thermal and overall efficiencies, demand coverage and own consumption rates as
well as heat losses at various stages in the systems can be derived.
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Field trials
In the third phase of the project, a field trial is set up to
evaluate the project developments in real-life environments.
For this, four SOLIDpower BlueGen™ micro-CHP units are
installed in various locations in Italy, and two Ballard FCgenH2PM back-up power units are installed in two locations in
Denmark. The units are installed in the second half of 2018 and
will operate and be monitored until the project end in March
2020.
The objectives for the field trials are:








Gather statistics and insights concerning installation,
service and maintenance aspects of the systems
Gather experience with formal and technical issues
during installation and operation
Determine total costs of ownership and operational
Micro-CHP field trial installation in outdoor
expenses
shelter.
Measure system heat and power production as well as
utilisation rates and evaluate system efficiencies
Test available remote monitoring interfaces and provide feedback to manufacturers
Evaluate customer satisfaction and technology acceptance
Use installations as demonstration for functioning business cases

SOLIDpower BlueGen™ micro-CHP
Four field trial sites in Italy have been selected for the BlueGen™ micro-CHP. A range of candidate
customers has been screened using a questionnaire to determine their respective electrical and
thermal installations, annual heat and electricity demands, grid and site accessibility and others.
Main criteria for the final selection were:




Customer’s electric and heating power requirements in line with micro-CHP available for
installation
Coverage of as many different types of customers (i.e. market segments) as possible
Differentiation in terms of installation typologies

The following table gives an overview of the selected field trial sites:
Field trial site
Electric material shop

Description
Power generation system installer
and electric material shop

Specifics
During normal business hours between
5 and 10 people inside the building with
an estimated yearly electrical energy
consumption of 25,000 – 30,000 kWh
and a daily demand for hot water (for
workers usage, including shower) of 300
- 400 litres per day.

22

D2Service Project Overview Report
Field trial site

Description

Specifics

Small Medium Enterprise

Small Medium Enterprise employing
around 25 people

Micro-CHP helps to cover yearly electric
power consumption of around 50,000
kWh and heat consumption of workers
shower area.

Building materials shop

The unit is serving a large show room
of about 3.000 square meters for
building materials and house interiors.

Micro-CHP is used in combination with
photovoltaic system.

Amateur and youth
soccer team

The unit supplies electricity and hot
water to the cabins of a football club
field.

The football club has a high demand
both for electricity and for hot water, to
power playground lights, washing
machines and other appliances and
granting warm showers to the football
players.

In all cases, the Micro-CHP units have been installed outside the customers’ buildings in dedicated
shelters to ease installation and maintenance and avoid conflicts with existing infrastructure.

Ballard FCgen-H2PM back-up power
Two sites of a telecommunication provider in Denmark have
been selected to be equipped with back-up power systems to
secure power supplies of the fibre network servers. Optimising
the serviceability and reducing the total cost of ownership is
important in a competitive back-up power market environment.
The installation includes a gas shelter, air conditioning unit,
rectifier, inverters, remote monitoring and a DC shelf
terminal.
Main criteria for the final selection were:


Site proximity to be able to operate service visit when
required



Data accessibility to be able to implement the service FCgen-H2PM back-up power unit installed
for field trial.
routine developed in the project
System architecture flexibility where implementation of physical hardware is possible
Representative of the fibre network UPS telecommunication market
Detailed data accessibility study and possibility to implement remote access in collaboration
with the system host





The following activities will be performed concerning the field trial systems:


Installation, data monitoring
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Verification of the performance optimization (leak testing,
contamination removal procedure verification)
Evaluation of the OPEX of systems and reduction of the
service cost
Verification of the exhaust box interface regarding ease of
installation and
Implementation of the optimized self-diagnostic tools. Test
and evaluation of the performance recovery routine

Hydrogen bottles for back-up power
solution.
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7 Summary
The D2Service project aims at improving the system design and maintenance procedures to lower
the costs and effort for service and maintenance of fuel cell-based micro-CHP and backup power
systems. Various aspects such as system design, component exchangeability and durability, remote
monitoring and maintenance manuals are being addressed and improved. The improved systems are
investigated in laboratory and field trial installations.

8 Outlook
The field trial phase of the project is currently ongoing and will end in the first quarter of 2020. The
findings will be analysed and published in the last phase of the project. The improvements
elaborated in the project will be implemented in future generations of fuel cell-based appliances and
their corresponding service procedures.

This project has received funding from the Fuel Cells and
Hydrogen 2 Joint Undertaking under grant agreement
No 671473. This Joint Undertaking receives support from the
European Union’s Horizon 2020 research and innovation
programme, Hydrogen Europe and Hydrogen Europe
research.
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