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Design guidelines for service manuals for fuel cell-based micro-CHP systems

Design 2 Service is an EU project co-funded by the Fuel Cells and Hydrogen 2 Joint Undertaking (FCH JU)
with the objective to simplify service procedures and reduce service efforts for fuel cell-based micro-CHP
and back-up power systems. Main project goals include:
• Improvement of system design such that components can be exchanged more easily
• Reinement and standardisation of individual components for easier exchange and
enhanced durability
• Enhancement of remote monitoring systems for easier failure detection and avoidance of
expensive service assignments
• Development of guidelines for designing easily understandable service manuals allowing
non-specialised technicians to perform routine service tasks
• Verify the developments and consolidate knowledge in a dedicated ield trial
A consortium of six European companies and two research institutes works jointly on these goals.
www.project-d2service.eu

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.

Introduction
This document contains recommendations for compiling and designing maintenance manuals for fuel cell-based micro-combined heat
and power systems. It provides suggestions and examples for creating
descriptions of maintenance procedures that are as straightforward as
possible. Presenting information in as clear a manner as possible helps
to prevent misunderstandings that could then lead to errors. It is also
an opportunity to provide a simple introduction to the pertinent technology and the use of micro-CHP systems. The intent is twofold: to
stimulate interest in this technology among technicians not yet familiar with it, and to provide a broader understanding of the technology.
An additional, separate section provides examples for presenting simple procedures for inspecting system eficiency.
These recommendations have their origin in the Design 2 Service project, which is part of the European Union’s Horizon 2020 programme.
The Design 2 Service project aims to improve the serviceability of fuel
cell-based micro-CHP systems and backup power systems.
A number of aspects are consequently examined here, including the
design of housing and components in terms of accessibility and interchangeability, standardisation and extending the working life of
components, simplifying maintenance procedures, and monitoring
and providing remote diagnosis of systems.
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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Design concept

Basic principles in
creating a manual
When discussing the concept of a manual, a distinction is generally made between two target
groups: users and technicians. A user’s manual does not assume any prior technical know-how.
As a result, this kind of document focuses on the basic functions involved in using and operating a technical appliance. These may also be referred to as operating instructions. A manual for
technicians, on the other hand, must convey all of the information necessary for installing,
maintaining and repairing the appliance as well as providing the requisite insight for properly
adjusting it. It is assumed that the reader possesses the technical know-how and skills needed
to implement the instructions given. In this case, then, we might call these instructions for
maintenance and repair.

Conveying technical expertise related to
the tasks that users are expected to carry
out requires a high level of creative and
instructional precision in communicating
operating instructions.
Readers may ind their ability to understand compromised, and their work slowed down, by
sentences that are too long, by imprecise illustrations and separate sections for “text” and
“illustrations”.
Unambiguous content is the fundamental starting point in creating easily understandable visual presentations. Complicated situations need to be described in words that are as simple as
possible so they can be translated into an appropriate visual language.

12
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Illustrations
Instructions should refrain from using photographs so as to avoid any misinterpretations in the
way something is presented. The photograph may have been taken from a poorly chosen angle.
Objects may distort or obscure the appearance of particular components. Similarly, a component may differ in shape or colour, for example, from those depicted in the photograph, thus
preventing certain information from being conveyed properly to maintenance personnel.

To provide information in a way that leaves no room for error, we recommend the
use of simpliied illustrations. Each component is reduced to its most distinctive
visual characteristics. This includes shape,
size and position within the system.
The illustrations are made using an isometric grid in which all lines and objects are located at
a 30° angle to one another. The isometric presentation provides a clear arrangement in which
the depicted objects’ dimensions are preserved and no objects in the background are distorted
(as occurs when vanishing point-based perspectives are chosen).
All drawings are made on a white background using black lines with a weight of 1 pt. If a
weight of 1 pt is too thick to properly render a certain detail, then the level of detail must be
decreased if at all possible. If a further reduction of detail is not possible, then the line weight
may need to be reduced to 0.5 pt or 0.25 pt. Illustrations are enlarged proportionally so that the
ratio between line weights is preserved. However, the maximum line weight should be 2 pt.

14
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Illustrations/
Translation 1

PEM micro-CHP
The sheer number of components may well surprise
someone opening the appliance for the irst time.
Translating this into straightforward illustrations
provides the necessary orientation and safety for the
maintenance personnel.

16
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Illustrations/
Translation 2

SOFC micro-CHP
The sheer number of components may well surprise
someone opening the appliance for the irst time.
Translating this into straightforward illustrations
provides the necessary orientation and safety for the
maintenance personnel.
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Colours
Colours serve no purpose on the level of individual illustrated objects. A colour concept, on the
other hand, is useful in depicting how various objects and diagrams relate to one another. The
use of established colour combinations from similar contexts should be avoided. Since the
contrast between blue and red is familiar as a way to designate warm and cold water, this colour combination is not particularly well suited for distinguishing gas and current lows, for
example. This is why it is important to choose colours that will not evoke false associations
amongst the target group of heating engineers and electricians.
Use a four-colour concept to depict important information in colour. This involves settling on
two base colours, each of which is supplemented by a slightly different shade of the same colour. This enables the depiction not only of a variety of materials, but also of variations in the
frequency or amount of a single material. Pie charts are one instance in which a distinction can
be indicated by using hatching or stippling in areas that share the same underlying colour tone.

Colours are used for deinition, differentiation and navigation. Thus the colours in
maintenance examples should correspond
to those used with the materials and/or
general associations whereby a colourless
material is allocated a particular colour.

20
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Shapes
Simple geometric shapes enhance illustrations and text components in terms of content and
design. These may be created using dots, lines or planes.

1 /2

There are a number of ways to furnish illustrations with additional information and
set them in the proper context of the written text, by using dots, lines and planes.

OPEN
LID

Lines are most common in the diagrams and illustrations of the maintenance examples. They
are used as arrows to depict the direction of movement or to mark something. A straight sequence of multiple dots provide an alternative to a line or arrow. These marks can similarly
serve to indicate a certain path or direction of movement. Changes in line width, dots or coloration may be used to assign markings to a particular set of circumstances or to organise them
hierarchically.
The lat surfaces of planes are used to add metadata to an illustration. This includes, for example, captions in a diagram or indicating which part of a textual description of a maintenance
example is depicted in the illustration. Planes may also be differentiated and organized hierarchically through the use of colour.

2 /2
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Writing
The primary focus in a manual is on the illustrated depiction of the material, but the text also
serves an important function in conveying information. All text in the manual uses the Frutiger
LT STD font family. Various font styles ensure that the different types of textual material remain
part of a coherent structure.

Quantity ratio of text
and illustrations

24
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Area for information
such as warnings,
way of disposal of an
old component and
the return address for

List of the required tools and spare parts.

Magniied depiction of the
component that is to be
serviced.

onent

f comp

Arrow

es

indicat

ition o
the pos

Usually only one component is
magniied. If two components are
linked to each other and have to
be serviced at the same time, two
can be magniied aswell.

*Name of manufacturer and model

Each maintenance chapter is introduced by a spread where all important information regarding the
component and its maintenance are depicted in short terms.

26

All information is placed within the orange outlined square, except for marginal notes.

Overview of the system. Maintenance-relevant components are depicted in detail
while irrelevant items are shown as simple objects with dashed outlines.

faulty components.

Component

Air filter*
Maintenance interval

8.000 Hrs

Duration of maintenance

ø 30 Mins

Advices (warnings, etc.):
Der Air filter enthält Aktivkohle. Bitte beachten Sie bei der Entsorgung des gebrauchten
Luftfilters die örtlichen Vorschriften.

27

1 /x
Öffnen Sie das System und machen Sie unten vor Ihnen den Luftilter ausindig.

2 /x

3 /x
Öffnen Sie das System und machen Sie unten vor Ihnen den Luftilter ausindig.

4 /x
Text area

Öffnen Sie das System und machen Sie unten vor Ihnen den Luftilter ausindig.

Öffnen Sie das System und machen Sie unten vor Ihnen den Luftilter ausindig.

Text has to be within the text area. The upper red line indicates this area´s bottom end while the
lower red line indicates the top end of the image area.

Illustrations may extend into
the text area.

Text is not allowed to extend into
the image area.

28

Image area

Illustrations can have any scale within the area of
the orange rectangle.
The order of the individual operations has to be
maintained, arrow marks increase information content and reduce text.

29

Maintenance app
With the maintenance app for the work smartphone, service staff have a summary of the printed maintenance manuals in digital form, as well as the option of viewing speciic system data
such as operating duration, an overview of power and heat generation, and reports of any errors or other important events.
The maintenance app accesses data records that are sent automatically from the system to the
manufacturers’ servers. In addition, the app can check the system’s eficiency. Data records are
evaluated and compared with benchmarks. Maintenance staff then receive tips about how to
optimise system operations. The system can also be shut down and restarted.
Augmented Reality helps with maintenance by displaying digital work instructions directly on
the smartphone. This means maintenance staff can receive direct feedback about the work
carried out.

The maintenance app is intended as an
alternative method for conveying the
maintenance instructions, in addition to
the printed manual. The maintenance app
has the added value of Augmented Reality and the eficiency checks.
Access to system internal worklows that
go beyond the maintenance and replacement of individual components also ensures a more comprehensive service of the
system.
The maintenance staff can thus work without relying on the manufacturer, so they are able to
use their working time better and act more quickly on the system. Information about the performed maintenance is sent to the manufacturer via corresponding functions and is stored for
subsequent access.

30
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Concept of the maintenance app

A maintenance worklow is
presented below as an
example. Beginning with the
maintenance staff login to the
app and input of the system’s
ID code, it shows step-by-step
how to perform the maintenance for a component.

Use Quick start to go directly
to maintenance. With the
Browse Manual button, the
maintenance staff have the
option of browsing through
the contents of the printed
instructions step-by-step.

13:13

13:13

Quick start
Scan system´s ID-code

Tap to scan
Welcome!
Quick start
Browse Manual

13:13

13:13

Overview of the three main screens.

SOFC micro-CHP
System ID: 000 XY

13:13

Notiications
3 notiications

Current status
Heat & Energy

01.11.2018

Annual maintenance pending

30.10.2018

Check eficiency

20.10.2018

New software update

Start maintenance

To select maintenance type swipe left and right.

13:13

Archive

13:13

Choose component
Air ilter

13:13

Choose component
Filtering cartridges

13:13

Choose component
Desulphurisation unit

SOFC micro-CHP
Eficiency

100%

0%

Start maintenance

Start maintenance

Start maintenance

Start eficiency check

The app recognises the scanned component, and the
digital maintenance instructions begin.

13:13

13:13

Maintenance - SOFC micro-CHP
Water treatment system

Augmented Reality allows maintenance staff to see
directly on their smartphone which maintenance
operations need to be carried out on the component.

13:13

Maintenance - SOFC micro-CHP
Water treatment system

Maintenance - SOFC micro-CHP
Water treatment system

Scan component
to see instructions

Rotate cartridge as indicated

13:13

Maintenance - SOFC micro-CHP
Water treatment system

13:13

13:13

Maintenance - SOFC micro-CHP
Water treatment system

Maintenance - SOFC micro-CHP
Water treatment system

Was the maintenance successful?

Romove cartridge by pulling down

Install new cartridge

Yes
No

The maintenance staff can see the relevant next or
previous work steps by swiping left or right.

At the end, the user is asked whether the maintenance was successful. A conirmation is then sent directly
to the manufacturer. If the maintenance was not
successful, the staff has the opportunity to enter a
comment via an input screen. The user has the option
of contacting the manufacturer by telephone.

Introduction into
combined heat and power

Generating building energy without
combined heat and power
Traditionally, natural gas and power networks provided
energy to residential buildings independently of one another. Natural gas is typically used almost exclusively for heating, whilst electricity is needed to power a home’s electri-

cal appliances. The latter is generally produced in large
power plants with relatively limited electric conversion eficiency and signiicant resultant heat loss.

public
power grid

public
gas grid
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Generating building energy with
micro-combined heat and power
With micro-combined heat and power (µCHP), electricity is
produced where it is consumed and where any incidental
heat loss can be used for heating purposes. For a household
this means reducing the amount of energy it draws from

the public power grid. This share is produced more cost effectively and with greater total conversion eficiency with
the help of a µCHP system by using natural gas. In addition,
the generated heat loss lowers heating costs.

public
gas grid

public
power grid
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Advantages of fuel cellbased micro-combined
heat and power
There are several different types of µCHP systems that differ from one another in the basic way
they produce power. At the most general level, a distinction can be made between motor-driven
and fuel cell-based µCHP systems. The latter offer several advantages in the context of residential buildings, such as the reduced noise and vibrations that come with having minimal
moveable parts. Furthermore, the use of fuel cells results in markedly lower polluting emissions.
This class’s high electric conversion eficiency deserves to be highlighted in particular. This means a greater amount of the natural gas being used is converted into power, which is more
valuable as an energy source than heat and, when harnessed and used appropriately, results in
greater energy cost savings.

NOX
SOX

NOX
SOX

SAVINGS

EXPENSES

42

43

From natural gas
to power and heat

Fuel cell stack

waste heat

waste heat

Fuel cell-based µCHP systems are powered by natural gas
(primarily methane – CH4 ), which is generally available
through a home’s connection to the gas mains. The fuel
cells in this case, however, use hydrogen (H2 ) as their
energy source. A so-called reformer is required to convert
natural gas into hydrogen. This conversion requires high
temperatures (c. 800–900°C), such that a portion of the
natural gas is burned for the purposes of creating and
maintaining this operating temperature. The reformer out-

puts a hydrogen-rich gas. This is converted with atmospheric oxygen (O2 ) via a series of stacked fuel cells (“stack”)
into water (H2O), which produces electricity. Fuel cell stacks
initially deliver direct current (DC), which an inverter can
transform into grid-standard alternating current (AC). The
waste heat from the stack and the waste heat generated in
the reformer is used via a heat exchanger to provide heat in
the heating system.

Heat exchanger:
Transfers heat to heat circuit.

H2

CH4
Reformer:
Generates hydrogen from natural gas.

O2
Inverter:
Transforms direct current
into alternating current.
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How fuel cells
function
In its simplest form, a fuel cell is composed of two electrodes,
the anode and the cathode, which are separated by an electrolyte. The electrolyte is permeable to ions, e. g. hydrogen
protons, but not to electrons. There are a number of different
electrolyte technologies, e. g. a polymer electrolyte membrane (PEMFC) or solid oxide fuel cells (SOFC).
Hydrogen and oxygen react in the fuel cell to produce water:
First the hydrogen oxidises at the anode to produce hydrogen protons (H+). One electron per hydrogen atom is thereby
lost to the electrode. The hydrogen protons can pass through

-

-

-

-

-

-

-

-

-

-

-

O2-

H+

-

+

-

+
+
+
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the electrolyte to the cathode. Before the hydrogen can
combine with oxygen to produce water, two electrons per
molecule are needed, which creates electric voltage between
the electrodes. Connecting an electrical load between the
electrodes allows the resulting current’s electrical energy to
be used. A series of these types of fuel cells connected to one
another is called a stack. By varying number and size of the
cells, different power output levels can be achieved. An inverter can transform the outputted direct current into the alternating current normally used in residences.

+

-

+
-

-

+
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Covering energy
demands in old and
new buildings
A building’s heating demand varies according to the building type, age and quality of insulation. A building’s age is generally considered to be irrelevant when it comes to electricity
consumption, since this depends more on the ixtures and ittings and occupants’ usage of
these. This means that in modern, newly constructed buildings a greater share of power
consumption is in the form of electricity as compared to older buildings, since the heating
requirements in the former are considerably lower. If the heat that is produced cannot be
discharged in full within the building itself, the system is forced to reduce or shut down its
operations to prevent overheating. Some systems can also discharge heat, in part or completely, via exhaust mechanisms. Generally speaking, the systems can usually run more frequently
or at a greater capacity in older buildings with higher heating demands than they would in
a newer building with more limited heating requirements. As such, it is typically possible
to satisfy a greater share of the demand for electricity in an older building and a noticeably
higher share of the demand for heat in newer buildings.

ELECTRICITY
HEAT
obtained from other energy sources

48
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Eficiency in old and
new buildings
It is not only thermal energy use in and of itself that varies greatly between existing buildings
and newly constructed buildings. Heating technology also has an impact on how µCHP systems
operate. Existing buildings tend to have conventional heating concepts with wall-mounted
heating elements. These require the heating system to maintain a higher temperature. It is generally true for all heaters that a lower temperature improves eficiency, since more warmth is
transmitted by the heater and less energy is discharged unused, e. g. through the exhaust. The
case is the same with respect to µCHP systems. The thermal eficiency of a µCHP system installed in an older building is therefore limited; additional energy must be produced by supplemental heaters. In contrast, newer buildings typically feature underloor heating systems that
can be operated at very low temperature levels. Low return temperatures here mean thermal
eficiency is high. In both cases electrical eficiency is nearly constant since it is not dependent
on the heating system’s temperature.

Overall eficency of a micro-CHP-unit depending on the return temperature

Standardised eficiency [%]

100 %
95 %
90 %

ELECTRICAL

85 %
80 %

THERMAL

75 %
70 %
20

25

30

35

40

45

50

55

60

65

Return temperature [°C]
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Maintenance
instructions

To orientate,
to inform,
to relect.
The following pages will introduce and discuss the fundamentals of producing exemplary maintenance instructions. This presentation aims to provide those who will be tasked with compiling
new instructions a feeling for working with complex material and translating this into straightforward images. Arrows and colours serve to help orient the user. The text on each page should
share the colour that has been assigned to the component being discussed. This helps users
navigate through the work more quickly (orientation). The illustrations summarise the text describing the maintenance procedures (inform) so maintenance technicians can quickly recall the
necessary motions and movements (relect).

54
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*Based on PEM micro-CHP

Component
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Air filter*
Maintenance interval

8.000 hrs

Duration of maintenance

ø 30 mins

Waste removal:
The air filter contains active charcoal. Please consult local laws and regulations when
disposing of used air filters.

57

Air ilter

Make sure the system has been properly turned off.

1 /6
Open the system and locate the air ilter below and directly in front of you.

2 /6

3 /6
Remove the air ilter from the tubing by rotating it anticlockwise.

4 /6
Mount the new air ilter by screwing it to the tubing.

Use a screwdriver to loosen the air ilter’s screws on the lower edge and lift the air ilter out of
its mount.

58
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Air ilter

5 /6
Fasten the new, connected air ilter in the holder provided, using the two screws.

6 /6
Maintenance is now complete.

NEW

OLD

60
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Warning
For safety reasons,
the natural gas and
tap water manual
valves at the system´s
inlet must be closed
before maintenance.

*Based on SOFC micro-CHP

Component
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Air filter*
Maintenance interval

8.000 hrs

Duration of maintenance

ø 30 mins

Tools: Key to open system´s front panel
Materials: A spare new air filter

63

Air ilter

The system must be shut down before beginning maintenance operation.
For safety reasons, the natural gas and tap water manual valves at the system´s
inlet must be closed before maintenance.

3 /6
Remove air filter by pulling.

1 /6
Remove the front panel with the dedicated key.

4 /6
Insert the spare new air filter.

2 /6
Unscrew the wingnut at the centre of the air filter.

OLD

64
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Air ilter

5 /6
Screw wingnut to secure the filter.

6 /6
Put on the front panel and secure it with the key.

NEW

66
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2x
Warning
For safety reasons,
tap water manual
valves at the system´s
inlet must be closed
before maintenance.

*Based on SOFC micro-CHP

Component

68

Water Treatment System (WTS)*
Maintenance interval

yearly

Duration of maintenance

ø 30 mins

Tools: Key to open system´s front panel
Materials: A spare new WTS and two filtering cartridges, cloth or towel

69

Water Treatment System

1 / 10

4 / 10

Remove the front panel with the dedicated key.

Remove the WTS by lifting it via the indicated metalwork areas only.

2 / 10
Remove the two vertical cartridges by rotating them as show below.

3 / 10
Install two new cartridges, connecting them to the bayonet ittings.

OLD

NEW
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Water Treatment System

5 / 10
Remove the electrical connectors.

6 / 10
Disconnect the pipes from the WTS at the bottom.
The used WTS has to be shipped to manufacturer.

7 / 10

8 / 10
Open the manual tap water valve and ix possible leaks.

9 / 10
Put the WTS inside the cabinet.

10 / 10
Put on the front panel and secure it with the dedicated key.

Install a new WTS. See color diagramm on the back of the WTS for correct connection of the
pipes. Plug in the electrical connectors.

8 / 10
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Disposal
The cartridges contain
ion-exchange resin.
Please adhere to local
laws and regulations
when disposing of
used ilters.

DI-H2O

*Based on PEM micro-CHP

Component
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Fuel cell-cooling water-ion exchange
resin-cartridge*
Maintenance interval

1.500 hrs

Duration of maintenance

ø 30 mins

The system is fitted with 2 cartridges which contain ion-exchange resin; one for the process
water circuit and one for the fuel cell cooling circuit.
Materials: A spare new filtering cartridge, cloth or towel, DI-H20

75

Fuel cell-cooling water-ion exchange resin-cartridge

Make sure that the system is properly turned off and that the water supply is disconnected.

1 /8

Lay a cloth under the component being serviced in case any water leaks.

Open the system and ind the cartridge towards the rear of the housing on the right.

2/

3 /8

8

4 /8
Carefully release the tubing by pressing on the clamping sleeve and simultaneously pulling the
hose. Seal the old cartridge with the plugs from the new component.

Remove the two plugs from the new cartridge, reserving them to seal the old cartridge once it
has been replaced.

4 /8

2 /8
NEW

OLD
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Fuel cell-cooling water-ion exchange resin-cartridge

5 /8

7 /8

Release the locking element on the mount with a lathead screwdriver.

6 /8
Replace the old cartridge with the new component. Mount the tubing to the new cartridge
whilst taking note of the direction of low (from the bottom up).

Check to see whether the expansion tank needs to be replenished with deionised water and do
so if necessary.

8 /8
Turn the system on and wait to ensure that the expansion tank has the correct level of deionised water when the system is operating (replenish if necessary). If the expansion tank is suficiently full and there is no evidence of any leaks, the service is complete. Close the system.

5 /8

8 /8
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Disposal
The used desulphurisation unit should be
sent to manufacturer.
The service technician
is responsible for
ensuring that the
container is shipped
in accordance with
the regulations on
chemical freight. The
container is illed with
a catalyst and
features a sulphur
content of 0.2% by
weight. The manufacturer guarantees that
the used desulphurisation units will be
managed and
disposed of in
accordance with the
regulations applicable.

Component

Desulphurisation unit*
Maintenance interval

*Based on PEM micor-CHP

3.000 hrs

80

Duration of maintenance

ø 30 mins

The new desulphurisation unit is provided with intake and exhaust openings to protect
it from environmental factors and air intake, since air and moisture can have a negative
impact on the functioning of the adsorbent bed. Leave the end plug in the desulphurisation
unit until you are ready to install. Take care that no air or only a minimal amount of air gets
into the container during installation. After installation, the adsorbent material must not
come into contact with air. The old desulphurisation unit contains sulphur, which poses a
threat to the environment. The desulphurisation unit must therefore be sealed immediately
after it is removed from the system.
Materials: A spare new desulphurisation unit, a flathead screwdriver
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Desulphurisation unit

Make sure that the system is properly turned off.
Close the shut-off valve for manual gas supply, which can be found on the system’s connection
panel on its back side.

2 /7
Remove both plugs from the new desulphurisation unit and reserve them to seal the desulphurisation unit you will remove.

1 /7
Open the system and ind the desulphurisation unit on your left.

NEW

SHUT
OFF
GAS

82

83

Desulphurisation unit

3 /7
Carefully release the tubing above and below by pressing on the clamping sleeve whilst simultaneously pulling on the tube; take care not to damage the clamping ring in the tubing, as this
will be reused.

4 /7
Use the plugs you removed from the new desulphurisation unit to seal the desulphurisation
unit you removed.

OLD

84
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Desulphurisation unit

5 /7

7 /7

Release the locking element on the mounts with a lathead screwdriver.

Close the system and open the shut-off valve for manual gas supply. The system is ready to be
turned on.

6 /7
Replace the old desulphurisation unit with the new one, paying attention to the mounting direction (look for the labels “B” for bottom and “T” for top). Connect the tubing by pressing
irmly and attach the locking element to the mount.

5 /7
OPEN
GAS

86
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Warning
Check that the
manual gas valve at
system´s inlet is
closed!

two 3/8“
gaskets
+
cable ties

Component

*Based on SOFC micro-CHP

Desulphurisation unit*

88

Maintenance interval

yearly

Duration of maintenance

ø 30 mins

Tools: Key to open the system´s front panel, 22 mm wrench, 30 mm adjustable wrench,
electrician pliers or scissors, a CH 4 leak detector
Materials: A spare new desulphurizing cartridge, two 3/8“ gaskets, cable ties, pliers,
wrenches, gas detector

89

Desulphurisation unit

Check that the manual gas valve at system´s inlet is closed!

1 / 12

Cut the cable ties by using the pliers or scissors.

Remove the front panel with the dedicated key.

2/

4 / 12

12

5 / 12
Remove the desulphurising cartridge.

Close the desulphurizer valves.

3 / 12

6 / 12
Pass a new cable tie into the desulphurizer support holes.

Loosen the ittings of the gas pipes at the desulphurizer inlet (top) and outlet (bottom). Use the
wrench on the nut while securing the itting with the pliers as shown below.

7 / 12
Install the new desulphurizer and fasten the cable ties tightly.

2 / 12
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Desulphurisation unit

8 / 12
Connect the ittings on inlet and outlet, make sure to install new gaskets.

9 / 12
Open the manual gas valve and the desulphurizer valves.

11 / 12
Start the system and check for leakages again. In case of a leakage, stop the system and check
the ittings, then restart. Repeat this step until no further leakage is detected.

12 / 12
Put on the front panel and secure it with the key.

10 / 12
Check for leakages with the leak detector and ix them.
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Eficiency

100%

0%

What is the current return temperature?
≥ nominal return temperature

< nominal return temperature

Overall eficency of a micro-CHP-unit depending on the return temperature
100%
Standardised eficiency [%]

The system is currently operating
as eficiently
as planned.

The system is currently operating
less eficiently as planned.

95%
90%
85%
80%
75%
70%
20

25

30

35

40

45

50

55

60

65

Return temperature [°C]

No

Position the storage temperature sensor as high as possible.

Is the storage temperature
sensor positioned as high as
possible?

Yes

55°C
T

No

Is the shut-down temperature of
the additional heating device as
low as possible?

Yes

Set shut-down temperature of
additional heating device to
lowest possible value.
No

Is µCHP unit connected to
storage at lowest possible
position?

Yes

Connect µCHP unit to storage
at lowest possible position.

System needs service inspection.

Check of heat exchanger for soiling or ageing

Adjust volume low to 1.5 lpm

What is the exhaust temperature?
(Tex )

What is the return temperature?
(Tr )

Tex
Tr

Take the difference of exhaust
and return temperature:
Tex - Tr = Tdiff

Yes

Tf

No

Does Tdiff deviate signiicantly from the
characteristic curve?

Temperature difference between return temperature and exhaust gas temperature
16

Temperature difference [K]

14
12
10
08
06
04
02
00
20

25

30

35

40

45

50

55

60

65

70

-02
-04
Return temperature Tr [°C]

Heat exchanger needs to
be cleaned or exchanged.

Heat exchanger is in good
condition.

Check of foreseen annual operating hours for
head-led µCHP systems
Which run time was foreseen fort he system at the time of planning? (RHsoll )

How many hours was the system under operation in the last year?

(current number of operating hours) - (number of operating hours 12 months ago) = RHdiff

RHdiff > RHsoll + 10%

RHdiff = RHsoll +/- 10%

RHdiff < RHsoll - 10%

Produced electrical energy

Produced electrical energy

Produced electrical energy

Produced thermal energy

Produced thermal energy

Produced thermal energy

Electrical demand coverage rate

Electrical demand coverage rate

Electrical demand coverage rate

Thermal demand coverage rate

Thermal demand coverage rate

Thermal demand coverage rate

Grid feed-in rate

Grid feed-in rate

Grid feed-in rate

Target life span

Target life span

Target life span

System is conigured optimally.

Check system coniguration.

OLD

T

55°C

NEW
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