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1 Preliminary remarks 
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2 Safety instructions 

2.1 Installation 

,��� ����� ����� �	"� ���"� ��� �-��	���� ������
� *���� ��� ��� �
� 	�� 	��7�	��� 	��� ��	�&��

�	�� ' � 	��3��� ������ �
� 	�� �8��	������ 
"
���� 	��� 	�� 	--��0 ��� �"���&��� 
��
��� �	
�

����� ��
�	����#� ��� �-��	����� ��
��� 	��� ��
��� ����� � ���
� ���
���� �8"&��� 	���

	�������&�"� �	"� ���� ��� �
��� ��� ���
��� ����
#� ��� ��
 �� ��� ��
����� ��	�� ���� 	�������

���-��	����� 	������ ���� ����� ����� �
� ����*� ���� 
-��� 	����
� �&������� ���-��	����� ���

�"���&���	�����	�����
-	��
��	��������	������-�	��� �����
�	��	����#�

,��� ����0	��� 
�	��	��
� 	��� ��� ��� �	���	���� � #� ���� -����

����� ���-��	����
� 	�� ����

-�	��� ��� ��
�	��	����� 
��� ���� �	�	� 
����� ��� ���� 	-- ����8#� ,��� ����� ����� 
������ ���

��
�	����� ��� 
���� 	� *	"� ��	�� ���� 	��� 	��� �"���&��� � �����
� 	��� 	�� ���� ��*�
�� -����� 
��

��	������-����

�*	�������	�����	�����*���� +#�:0	����������
���	�����
��3'$�2��<�4�

��
��3.��2� �<�;#� ��� ���� �	
�� ��� �������&� ��� �"-�� �� 
��� ����
� ���4� ���� ������� �	��

	�*	"
� ��� 	�� ���� ������� *���� ���� ���*� ��� ���� �	���� �� �
� ����� ����� 
���
#� 1
� 	�

��
��������� ����� ��*�0��� ���� ����� ����� �	�� ����� ��� "� ��� �-��	���� 
�	����&� *���� ����

-��
�-����	������������#����*��������
�����&��-��	� ������������������
��������	����
��&�

��	��-��0���
�-����������	&	��
������	��4������	��� �������	��-	��
��������������������	��

	������	�����8����	��"�
�*���������8��-������������ �*���������������	���-���
�
���
�����

�	������"��	�����D�
��������	�
���(��$�+�)#�

2.2 Hydrogen 
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2.3 Electrical connections 
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2.4 Cooling water 
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2.5 Products created 
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2.6 Temperatures 
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2.7 Overpressure 
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2.8 Further information 
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3 Media supplies and power connection 

3.1 General points 
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3.2 Hydrogen 

�"���&��� ��� 	� -����"� ��� 	�� ��	
�� '#�� �
� ��� ��� �
��� :*������� -��-������
� ��� �/;#� ���

�������8�
�
�����������-�
��������������"���&��4��� �������
�	����������-����"����'#��

�
���������&�#������
�������
�������	����������	��� 	�����-��
�������
�
�
��8���
�0��"�

��������&��4�������&	
�
4�����"�
	���	�����"����	�� ��
�	�����
���	�����
����#�,"-��	�4�

���*��B-��
��
B������	�	�"
�
4��#&#����-����
�����	 ����&�
��-���4���
�����	����0��
�

���H��# �--�D�	�������������	���	�����H�+�--�#�,��� -�-��&��	
����������	�����	����

*����������������
�	��	��
#�



 

 ���	��	�������������������������	��
 �

3.3 Air 
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3.4 Water cooling 
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3.5 Media connections 
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3.6 Power connection 
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4 Operating the fuel cell 
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4.1 Anode supply 
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4.2 Cathode supply 
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4.3 Critical operating states 
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4.4 Monitoring 

9����&� �-��	���&� ��� ���� ����� ����� ���� �����*��&� 0	� ��
� 
������ ��� ���������� 	�� 	���

����
?�

·  >���	&�������������������:��������	
������������&�� ������	��0���	&�����	�������;�

·  �������� ��� ���� ����� ����� :��� ���� �	
�� ��� �������&� � ��� �������� ��� �	��� ����0���	�� �����


�	��;��

·  9����������������-��	��������*��������������*�	���� ��*	������*��������������&���7����

·  ,��-��	����� ��� ���� ����� ����� ��	
����� ��� ���� �	���� �� �8�	�
�� 	��4� �������"� 	�� ����

��������������
�	���

·  ���
��-���������"���&���

��� ���� ��� ���� 0	���
� 	
� ��	
����� ���
� ���
���� ���� - 	������	�� -����

����� �	�&�� :
���

�	�	� 
����;4� ���� ����� ����� �
� ��� ��� 
*������� ���� �� ����	���"� 	��� 
�-	�	���� ����� ����

��	�#� !��	
�� ������ ��	�� 	��� ���� ����������
� *���� �� �� ����� ����� 	��� ���&���� ������ 	���

��	�� ���� ����� ����� �
� ����&� 
�--����� *���� 	��� �-��	 ���&� ����	D� ��� 	�������� ������ "����


"
���� ���� �	���������
# ) � ,��� ���
��-����� ��� �"���&��� 
������ ���� *������K�+� F� ���

�����	����	����0	����������������0	�#�

%���?�

,����"���&������
��-������
��	����	���������������� �����������0���	������
�	���

���� �������#� ,��� �����*��&� ����
� &���?� �	

� ��� ���� ��� ��� ������ ��� &����	��� 	�

����������� �1��������������	����������?��#�'.$+�&� :�#�#�����L��'#.��&3��*�������

����
�	��� +�1;#�=��������������
����
���������	��� ����-��

����	������-��	�����

�������
��-���������"���&����
?�.���3���3����31#�

                                                 
� ����	�
���	�����������:
���
�������'#';��
���
�	��� ��*����������	������	����
���	*����4��������	���	�� ������������

��0����������	����	�����������
#�����
) ������1@
�	������0����7��
�����	����	��***#
�����
� �������
#����



 

����	��	�������������������������	��
 �

4.5 Switching on 
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4.6 Switching off 
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5 Storage 
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5.1 Storage of one individual fuel cell 
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5.2 Storage / long-term switching-off of a complete system 
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6 Transport 
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7 Notes for system integrators 

7.1 General 
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7.2 Electrical circuitry  
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There are 4 different operating modes: 
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 Voltage / V 

 24 48 72 96 

Current / A  Wattage, W and in brackets the number of stacks in the module 

15 360 (1) 720 (2) 1080 (3) 1440 (4) 

30 720 (2) 1440 (4)   

45 1080 (3)    

60 1440 (4)    

7.3 Avoidance of open-circuit voltage mode 
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7.4 Operating methods, mounting and installation position  
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7.5 Minimal system configuration 
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8 Methods for optimizing the efficiency 

8.1 Throttling of the cathode air 
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8.2 Humidifying of the cathode air 
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8.3  Humidifying of the anode gas 
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8.4 Regulating of the quantity of air 
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8.5 Special case: Regulating of the quantity of air through use of a  
 membrane humidifier 
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8.6 Purging cycles 
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8.7 Anode gas recirculation 
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8.8 Cathode air recirculation 
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8.9 Media reversal 
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8.10 External humidification 
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8.11 Manual drying of the fuel cell 
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9 Data log and operating proof 
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10 Disposal 
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12 Faultfinding and remedies 
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No Fault 
description No Potential 

cause No Measures / checks Notes / 
further measures 

1 

Check that the cathode blower is generating an 
adequate volumetric flow taking into account all 
pressure losses (pipe system, filter, fuel cell 
etc.)    

2 Check that the cathode supply system is free of 
condensate   

1 Supply of air 
inadequate 

3 Check that the regulating of the quantity of air is 
taking place properly.  

For production of a 
suitable air supply see 
sections 3.3 and 4.2 
and the data sheet 

        

1 
Check that the hydrogen supply is generating 
an adequate volumetric flow taking into account 
all pressure losses 

2 Check that the pressure level of the hydrogen 
supply lies in the given working range.  

2 
Supply of 
hydrogen 
inadequate 

3 
Check that the anode is being adequately 
purged, i.e. to ensure removal of condensate 
and inert gas   

For production of a 
suitable hydrogen 
supply see sections 3.2 
and 4.1 and the data 
sheet 

        
1 Check that the air supply is sufficient to prevent 

condensate forming  
 

2 Check that the fuel cell is mounted in the 
optimum installation position.   

For installation position 
see section 7.4 

3 Check that the fuel cell is reaching an adequate 
working temperature    

3 The electrodes 
are too moist 

4 Dry the fuel cell, e.g. with the aid of the cathode 
blower   See section 8.11 

        
1 Is the supply of air to the fuel cell so high that it 

is drying out?  

2 Is the working temperature of the fuel cell too 
high?  

 

4 The electrodes 
are too dry 

3 
Humidify the fuel cell before commissioning it 
after an extended period of storage with the aid 
of a steam generator   

See section 8.10 

        
1 Check that the current being drawn from the 

fuel cell is not too high  
5 

The electrical 
working point is 
unsuitable 2 Check that the fuel cell is not being operated at 

a working voltage that is too low  

 

        
1 Check the mechanical connecting of the 

electrical contacts.  

2 Check that the electrical connection is not 
generating heat during operating.   

3 Check that the electrical connection is not 
showing a voltage drop.   

6 
The electrical 
connection is 
inadequate   

4 Check that no corrosion is visible on the 
electrical contacts.  

For further information 
on the electrical 
connecting see section 
7.2   

        
1 Check that the hydrogen being supplied is of 

adequate purity.   See section 3.2 

2 Check that there is no contamination in the 
cathode air.  See section 3.3 

1 
The output of 
the fuel cell 
is too low 

7 The electrodes 
are contaminated 

3 Carry out a media reversal in order to clean the 
electrodes 

See section 8.9 



 

'+��	��	�������������������������	��
 �

 

No Fault 
description No Potential 

cause No Measures / checks Notes / 
further measures 

1 Check that the fuel cell is completely separated 
from all consumers.  

1 

There is a 
parasitic electrical 
load on the fuel 
cell 2 Check the electrical connections for creepage 

and short circuits  

  

        
2 Supply of air is 

inadequate 
1 See above (measures under 1.1) See sections 3.3 and 

4.2 
        

3 
Supply of 
hydrogen is 
inadequate 

1 See above (measures under 1.2) See sections 3.2 and 
4.1 

        

4 
The electrical 
connection is 
inadequate 

1 See above (measures under 1.6) See section 7.2 

        
5 The electrodes 

are contaminated 
1 See above (measures under 1.7) See section 8.9 

        
1 Check whether the fuel cell generates heat 

without being under load   

2 
Check the time for the voltage to decrease 
under separated load compared with the figure 
in the data sheet   

6 
The fuel cell has 
an internal short 
circuit   

3 Check the electrical connections for creepage 
and short circuits 

If an internal short 
circuit is established, 
then the fuel cell must 
be replaced   

        
1 Check whether the fuel cell generates heat 

without being under load   

2 
Check the time for the voltage to decrease 
under separated load compared with the figure 
in the data sheet   

2 

The fuel cell 
does not 
reach the 
specified 
open-circuit 
voltage 

7 The fuel cell has 
an internal leak 

3 
Check the time for the pressure at the anode to 
decrease in comparison with the figure in the 
data sheet   

If an internal leak is 
established, then the 
fuel cell must be 
returned to the 
manufacturer for repair 
or to be exchanged.   

           
1 Operate the fuel cell in the given voltage range    

2 Operate the fuel cell in the given current range  1 

The electrical 
working point 
selected is not 
suitable 3 Check the load profile in respect of time   

        

1 

Check that the coolant pump supplies an 
adequate volumetric flow that takes account of 
the given pressure losses of the complete pipe 
system, of the fuel cell and of the cooler   

  

2 Check that there is no contamination in the 
cooling system    

3 Check that the coolant being used is suitable  See section 3.4 

2 

The supply of 
coolant is too low 
/ the temperature 
of the coolant is 
too high 

4 Check that the coolant pump is not sucking in 
air   

        1 Vent the cooling circuit  
3 

There are 
inclusions of air in 
the cooling circuit 2 Check that the coolant pump is not sucking in 

air 
  

        
1 Check the piping system for leaks    

4 

Hydrogen is 
getting to the 
cathode  or air is 
getting to the 
anode 

2 Check the fuel cell for internal leaks  See section 10.3 

3 
The fuel cell 
becomes too 
hot 
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No Fault 
description No Potential 

cause No Measures / checks Notes / 
further measures 

1 Increase the electrical output being drawn  

2 Improve the insulation of the system  
1 

Only a low 
electrical output 
is being taken 
from the fuel cell 3 

Reduce the cooling output; in certain 
circumstances it may be necessary to put a 
bypass to the heat exchanger into circuit   

  

        
1 Check that the media is flowing around the 

sensors 
2 

The 
measurement of 
temperature is 
faulty 2 Measure the temperatures at the cathode outlet 

and in the coolant circuit   

  

        

4 
The fuel cell 
remains too 
cold 

3 The cooling 
output is too high 

1 
Reduce the cooling output; in certain 
circumstances it may be necessary to put a 
bypass to the heat exchanger into circuit 

  

           
1 

Carry out intensive purging on the anode and 
cathode sides in order to balance out the cell 
stack once again 

See also section 8: 
Methods for increasing 
the output 

1 

Inhomogeneous 
operating 
conditions prevail 
in the fuel cell 
module 2 

Switch the fuel cell off for approx. 2 hours and 
stream anode and cathode through with air 
from the cathode fan (without load and without 
H2 connected) in order to achieve uniform 
distribution of the moisture 

 5 

Individual 
stacks in 
bundles of 3 
or 4 drift 
away from 
each other in 
respect of 
current 

2 

The cathode is 
being supplied 
only from one 
side 

1 

Operate the fuel cell in accordance with the 
scheme in section 3.5 See section 3.5 
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13 Standards (selection) 
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IEC 62282-2 Fuel cell technologies, Part 2: Fuel cell modules 
IEC 60079 (all) Electrical apparatus for explosive gas atmospheres  
IEC 60352 (all) Solderless connections 
IEC 60529 Degrees of protection provided by enclosures  
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15 Specifications  

15.1 Data sheet 
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15.2 U/I and power characteristic curves for FC-42 fuel cells  

  

 

Figure 9: Voltage/current and power characteristic curves for FC-42/HLC 360W 

 

 
 

Figure 10: Voltage/current and power characteristic curves for FC-42/HLC 720W 
with stacks in circuit in series
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Figure 11: Voltage/current and power characteristic curves for FC-42/HLC 1.0kW 
with stacks in circuit in series 

 
 

 
 

Figure 12: Voltage/current and power characteristic curves for FC-42/HLC 1.4kW 
with stacks in circuit in series 
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Figure 13: Voltage/current and power characteristic curves for FC-42/HLC 720W 
with stacks in circuit in parallel 

 

 

 

 

Figure 14: Voltage/current and power characteristic curves for FC-42/HLC 1.4kW 
with two pairs of stacks in circuit in series and in parallel 
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Figure 15: Voltage/current and power characteristic curves for FC-42/HLC 1.0kW 
with stacks in circuit in parallel 

 

 

 

 

Figure 16: Voltage/current and power characteristic curves for FC-42/HLC 1.4kW  
with stacks in circuit in parallel 
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15.3 Data sheet for FC-08/HLC and FC-08/HAC fuel cells  
 

 

,	����,	����,	����,	����+ +++?�?�?�?�9	�	�
��������������������������������
�����"-�
� ��
��3�<��	�����
��3�1�� ���

�����	������	������	������	�� ���

9�
�&�	������ ��
����<��:�1�;�

,"-�� !(������������
�	����

������4��	������ 	���

������4�	����� �"���&���

������&�������� *	����3�&�"����

����1����������������
1����������������
1����������������
1����������������
� ���

����	&�����-��	�����:�������";� 
 �����I+�� C��

1����������-��	����������&��-��	����
� +�A�.��:+�
+�;� C��

6��#��������"����	�������	���:�����&��-��	���&�	���

	�
��
���	&�;�

���
�)+4����


������
��&�

F�

�	8#�	������	����� +� ��

�	8#��-��	���&����&�����  +��� ��	��0��
�	���0���

/-��	���&����������
�/-��	���&����������
�/-��	���&����������
�/-��	���&����������
�� ���

/-��	���&����-��	�����:*����������������	����;� +�A�+�� C��

/-��	���&����-��	�����:*�������������	����4���*�

-�����	--��8#�+�
� ��N�����*�
�	������-��	����;�

H�.�� C��

�	8#����-��	������������
���	��
��� .+� C��

�	8#�-�������-������	��
������&�����	
�����
����


���������

 � 
�

�	8#�-�������-������	��
������&�����	
������	�������

�������������&�3���

��������	���

'�� 
�

������	��
�������	��
�������	��
�������	��
�� ���

(�������	��������������� �+����	�������	�� �

�	8#���&������&����7��� �� %��

1�������-��� � 3�� �����

1��������-��� � 3�� �����

�	��������-���� � 3�� �����

�	���������-���� � 3�� �����

������&�*	�������	���:���"��<�;� � 3�� �����

������&�*	�����������:���"��<�;� � 3�� �����

��8�	8�	���	�
�:�	����	--��8#��������:���"��1�;��  �� >:��;�



 

+���	��	�������������������������	��
 �

 
(�������	��-��-�����
��(�������	��-��-�����
��(�������	��-��-�����
��(�������	��-��-�����
��� ���

%����	����������T�  +�: �;� 1�

%����	��0���	&�� +4�� >�

%����	�����-���T� ���:$�;� 2�

��������0���	&��:������"4�+�
;� '#�� >�

/-��
��������0���	&��� .#+�A�)#�� >�

�	8#���������:����-������H� �
;� '�� 1�

�	8#�����������	�&��:U��3��U;� H�'�� 13
�

����	���	��-��-�����
������	���	��-��-�����
������	���	��-��-�����
������	���	��-��-�����
��� ���

�	

�:�	8#;� +���: '��;� &�

9����
���
��<828��:�	8#;� .+�8�  ��8�+'�

:�'�8�  ��8�)�;�

���

9�	��0�����
��

1����� ��� ���

�	������  �� ���

������&�:���"��<�;�  +� ���

����	����	����	����	� ���

�"���&���-����"�:���#;� ))#))� F4����/�

/8"&����������4����	���	��� ���
�'�� >��#
F�

�	8#����	���-��

���4�	�����TTTT� '��� ��	��

���#����	���-��

���4�	�����TTTT�� +�� ��	��

�	8#�-��

�����	��4�	�����T�  +� ��	��

�	8#�-��

�����	��4��	������T� '�� ��	��

�	8#����	���-��

���4��	������TTTT� '��� ��	��

�	8#�-��

��������������4�	����3�	������ '��� ��	��

�	8#�&	
����-��	�����	�����	���TT� $+� C��

���#�&	
����-��	�����	�����	���TT� +� C��

�	8#�&	
����-��	�����	���������TT� .+� C��

�	8#����-��	���������������4�����������*�
�

���*	������*4�����	���������:���"��<�;�

+� N�

�	8#�-��

�����	��4�����	���������  +�� ��	��

�	8#�����	���������-��

����TTTT�:���"��<�;�  � �	��

�"���&������
��-����� ��A� #�� �3����

!����

�*	����&����	����	���������	��T� +�� &3��

1������
��-����� ��A� �� �3����

����	������*��	���:���"��<�;� J�#+� �3����

�	
���&����
�	
���&����
�	
���&����
�	
���&����

�������
�	��	������������
�TTTT4���
������ ���L������&��
�������
�	��	������������
�TTTT4���
���������L������& ��
�������
�	��	������������
�TTTT4���
���������L������& ��
�������
�	��	������������
�TTTT4���
���������L������& ��� ���

���

�0���:13������31;��"-��	�� H � ��3:$�
T ���!	;�

���

�0���:13������31;��	8�����:(/<;� H � ��3:$�
T ���!	;�

(8����	���"-��	��:1�I���������
���;� H � ��3:$�
T ���!	;�

(8����	���	8����� H � ��3:$�
T ���!	;�
 



 

+ ��	��	�������������������������	��
 �

�

T�� �	��0	�"��"�K� +�F#����	�����������
�&���������- ��	�����*����������������	����4��	�������

� ����������-��	�����+�C��	���	����	�����#+�

TT�� ����
�&��������	�����	����	��������

TTT� 1���������
-��������������������-����
�	����	
� �)��F�������������	�����-��#�,���-����������������� ���

0	�����"�������
�
�	��������
���	�����������������	 
�����������-��	����������-	�����&��	�����������
�: �#&#�

�8��

����-��	����4������0���	&�4��"���&�����-����� �4�����	���	��������#;#�,���-�����������
��
�������

��-���-�*����	����-������	�	���&�:
���
������� ��
� �	�	���&;#�

TTTT� !��

����	��0��	�������-��

������

TTTTT� ��	��	������������
�L���C�4� � '��!	��

�

��-���	��?�

1��� 
�	������
� ��� ���� �	�	� 
����� 	��� �"-��	�� 	0��	& �� 0	���
� 	��� 	��� �	
��� ���

��	
�������
� �	��� ������ ���	�� ���������
#� ,��� 0	��� 
� 
�	���� 	��� &����
�����

0	���
�	���	�������&�	�	�����#�

 
15.4 Voltage/current and power characteristic curves for FC-08 fuel cells  
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