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.OHLQVW�%UHQQVWRII]HOOHQ�I�U�SRUWDEOH�$QZHQGXQJHQ

$�+HLQ]HO��&�+HEOLQJ��0�=HGGD
)UDXQKRIHU�,QVWLWXW�I�U�6RODUH�(QHUJLHV\VWHPH��)UHLEXUJ

� (LQOHLWXQJ

'LH�(QHUJLHYHUVRUJXQJ�SRUWDEOHU�*HUlWH�ZLUG�KHXWH��EHU
%DWWHULHQ�XQG�$NNXPXODWRUHQ��3ULPlU��E]Z��6HNXQGlU]HOOHQ�
DEJHGHFNW��(LQH�9LHO]DKO�YHUVFKLHGHQHU�6\VWHPH�VWHKW�]XU
9HUI�JXQJ��VR�GD��I�U�GLH�XQWHUVFKLHGOLFKHQ�$QZHQGXQJHQ
GLH�MHZHLOV�DP�EHVWHQ�DQJHSD�WH�(QHUJLHYHUVRUJXQJ
DXVJHZlKOW�ZHUGHQ�NDQQ��1LFKW�ZLHGHUDXIODGEDUH
3ULPlU]HOOHQ�VLQG�PLW�HLQHU�VHKU�KRKHQ�(QHUJLHGLFKWH
YHUI�JEDU��DOOHUGLQJV�VLQG�GLH�.RVWHQ�SUR�HU]HXJWHU�:K
DXVJHVSURFKHQ�KRFK��:LHGHUDXIODGEDUH�6HNXQGlU]HOOHQ
KDEHQ�LQ�GHU�5HJHO�HLQH�GHXWOLFK�QLHGULJHUH
(QHUJLHVSHLFKHUNDSD]LWlW��'LH�%UHQQVWRII]HOOH�DOV
(QHUJLHZDQGOHU�LQ�.RPELQDWLRQ�PLW�HLQHP�XQDEKlQJLJ
GLPHQVLRQLHUEDUHQ�6SHLFKHU�I�U�GHQ�(QHUJLHWUlJHU�²
:DVVHUVWRII�RGHU�0HWKDQRO�²�ELHWHW�9RUWHLOH��LQVEHVRQGHUH
GDQQ��ZHQQ�EHL�UHODWLY�NOHLQHU�/HLVWXQJ�ODQJH�%HWULHEV]HLWHQ
JHIUDJW�VLQG��:HLWHUH�9RUWHLOH�GHV�%UHQQVWRII]HOOHQV\VWHPV
VLQG�DX�HUGHP�GLH�HUZDUWHWH�ODQJH�/HEHQVGDXHU�XQG
LQVEHVRQGHUH�GHU�DXFK�LP�NOHLQHQ�/HLVWXQJVEHUHLFK�P|JOLFKH
KRKH�:LUNXQJVJUDG��GHU�IUHL�ZlKOEDUH��PRGXODUH�$XIEDX
VRZLH�GLH�HPLVVLRQVIUHLH�(QHUJLHZDQGOXQJ��'LH�|NRORJLVFKH
%LODQ]�LVW�DXIJUXQG�GHU�KRKHQ�/HEHQVGDXHU�GHU�=HOOH�VRZLH
GHU�XQSUREOHPDWLVFKHQ�5HDNWLRQVSURGXNWH�DXVJHVSURFKHQ
SRVLWLY��6FKZHUSXQNW�ELVKHULJHU�(QWZLFNOXQJHQ�ZDUHQ
$QZHQGXQJHQ�LP�PLWWOHUHQ�/HLVWXQJVEHUHLFK�ZLH
EHLVSLHOVZHLVH�I�U�%ORFNKHL]NUDIWZHUNH�XQG�GHQ
$XWRPRELOVHNWRU��'DU�EHU�KLQDXV�LVW�QXQ�GLH�%UHQQVWRII]HOOH
DXFK�I�U�GHQ�NOHLQHQ�/HLVWXQJVEHUHLFK�]XQHKPHQG�LQV
,QWHUHVVH�JHU�FNW��ZREHL�LQVEHVRQGHUH�GXUFK�GLH
0LQLDWXULVLHUXQJ�GHU�HLQ]HOQHQ�)XQNWLRQVHLQKHLWHQ
]XVlW]OLFKH�+HUDXVIRUGHUXQJHQ�HQWVWHKHQ�
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� 6WDQG�GHU�%UHQQVWRII]HOOHQ�(QWZLFNOXQJ�I�U�GLH
$QZHQGXQJ�LQ�WUDJEDUHQ�*HUlWHQ

'LH�(QWZLFNOXQJ�YRQ�%UHQQVWRII]HOOHQ�I�U�GLH
(QHUJLHHU]HXJXQJ�WUDJEDUHU�*HUlWH�LVW�GDV�M�QJVWH
$UEHLWVJHELHW�GHU�%UHQQVWRII]HOOHQWHFKQRORJLH�
'HPHQWVSUHFKHQG�OLHJW�GHU�6WDQG�GHU�$UEHLWHQ�LP�9HUJOHLFK
]XU�VWDWLRQlUHQ�XQG�PRELOHQ�$QZHQGXQJ�QRFK�ZHLW�]XU�FN�
(UVWH�3XEOLNDWLRQHQ�DXV�GHQ�86$�EH]LHKHQ�VLFK�DXI�GHQ
PLOLWlULVFKHQ�%HUHLFK��GLH�%UHQQVWRII]HOOH�GLHQW�GRUW�DOV
ÅSRZHU�SDFN´�I�U�GHQ�6ROGDWHQ��GHU��EHU�7DJH�YRQ
DEJHOHJHQHQ�6WDQGRUWHQ�DXV�9HUELQGXQJ�PLW�VHLQHU�(LQKHLW
DXIUHFKWHUKDOWHQ�PX��

(UVW�VHLW�$QIDQJ�GHU���HU�-DKUH�ZHUGHQ�.RQ]HSWH�I�U
%UHQQVWRII]HOOHQ�DOV�%DWWHULHHUVDW]�JHQHUHOO�HQWZLFNHOW�XQG
3URWRW\SHQ�YRUJHVWHOOW�

'LH�%UHQQVWRII]HOOHQNRQ]HSWH�XPIDVVHQ�GHQ�W\SLVFKHQ
$XIEDX�DOV�%UHQQVWRII]HOOHQVWDSHO��GLH�6HULHQYHUVFKDOWXQJ
PHKUHUHU�=HOOHQ�LQ�GHU�(EHQH�HLQHU�0HPEUDQ�XQG�GLH
.RPELQDWLRQ�HLQHV�HLQ��RGHU�]ZHL]HOOLJHQ�6\VWHPV�PLW�HLQHP
'&�:DQGOHU��ZLH�LQ�$EELOGXQJ���VNL]]LHUW�

c) Stackbauweise (U = N x 0,7 V)

U = 2,8V 

N = 4

d) Einzelzelle mit DC/DC-Wandler

a) Einzelzelle

U = 0,7 V

WasserstoffLuft

b) Brennstoffzelle mit Streifenmembran

U = 2,8 V 

U = 0.7 V 

U = 12 V 
DC / DC

Wandler

$EELOGXQJ��� %UHQQVWRII]HOOHQNRQ]HSWH
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$OV�KHXWH�VFKRQ�HLQVHW]EDUHU�:DVVHUVWRIIVSHLFKHU�ZLUG�I�U
DOOH�'HPRQVWUDWRUHQ�DXI�+\GULGH�]XU�FNJHJULIIHQ��'LH
%UHQQVWRII]HOOH�VHOEVW�DOV�(QHUJLHZDQGOHU�RKQH
6SHLFKHUIXQNWLRQ�ZLUG�JHPl��GHU�HUIRUGHUOLFKHQ�/HLVWXQJ
GHV�]X�YHUVRUJHQGHQ�9HUEUDXFKHUV�GLPHQVLRQLHUW��'DUDXV
HUJLEW�VLFK�UHLQ�UHFKQHULVFK��GD��HUVW�DE�HLQHU�EHVWLPPWHQ
.DSD]LWlW�GHV�6\VWHPV�GLH�(QHUJLHGLFKWH�]��%��HLQHU�/L�
%DWWHULH��EHUWURIIHQ�ZHUGHQ�NDQQ�

(LQH�ZHLWHUH�6\VWHPYDULDQWH�LVW�GLH�'LUHNW�0HWKDQRO�
%UHQQVWRII]HOOH��'0)&���GLH�QHEHQ�GHU�VHKU�KRKHQ
(QHUJLHGLFKWH�GHV�0HWKDQROV�GXUFK�GDV�HLQIDFKH�+DQGKDEHQ
XQG�1DFKI�OOHQ�GHV�%UHQQVWRIIHV�EHVWLFKW��'LH
/HLVWXQJVGLFKWH�GHU�=HOOH�EOHLEW�EHL�%HWULHE�EHL
5DXPWHPSHUDWXU�MHGRFK�ZHLW�KLQWHU�GHU�/HLVWXQJVGLFKWH�GHV
:DVVHUVWRIIV\VWHPV�]XU�FN��VR�GD��GLH�'0)&�OHGLJOLFK�I�U
NOHLQVWH�/HLVWXQJHQ�9RUWHLOH�ELHWHW��'HPJHPl��VWHKW�KLHU�GLH
$QZHQGXQJ�LQ�+\EULGV\VWHPHQ�PLW�HLQHU�OHLVWXQJVVWDUNHQ
/L�,RQHQ�%DWWHULH�LP�9RUGHUJUXQG��]�%��]XU�9HUOlQJHUXQJ�GHU
%HWULHEVGDXHU�YRQ�+DQG\V��

'LH�ZLFKWLJVWHQ�$UEHLWHQ�]XU�(QWZLFNOXQJ�GHU
'LUHNWPHWKDQRO�=HOOH�NRQ]HQWULHUHQ�VLFK�GDKHU�DXI�GLH
(UK|KXQJ�GHU�/HLVWXQJVGLFKWH�GXUFK�GLH�9HUULQJHUXQJ�GHV
0HWKDQRO�7UDQVIHUV�GXUFK�GLH�SRO\PHUH�0HPEUDQ�XQG
GXUFK�GLH�9HUEHVVHUXQJ�GHU�.DWDO\VDWRUHQ�I�U�GLH
0HWKDQROR[LGDWLRQ�

(LQ�9HUJOHLFK�GHV�:DVVHUVWRIIV\VWHPV�PLW�HLQHP�'0)&�
6\VWHP�XQG�GHU�/L�,RQHQ�%DWWHULH�]HLJHQ�GLH�$EELOGXQJHQ��D
XQG��E��'LH�%HUHFKQXQJ�ZXUGH�XQWHU�IROJHQGHQ�$QQDKPHQ
JHPDFKW�

:DVVHUVWRII�LP�0HWDOOK\GULG�0DWHULDO��� �������
:K+��NJ
�����:K+��O

0HWKDQRO�:DVVHU�0LVFKXQJ �����������:K
&+�2+�O
���������������������������������������������������������������������:K
&+�2+�NJ

                                                          
1 VLHKH�]�%��ZHE�6HLWH�0DQKDWWDQ�6FLHQWLILF��KWWS���ZZZ�PDQKDWWVFL�FRP��XQG�0RWRUROD
KWWS���ZZZ�PRWRUROD�FRP
2 'DWHQ�RKQH�%HU�FNVLFKWLJXQJ�GHV�%HKlOWHUV
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:LUNXQJVJUDG�:DVVHUVWRII�%UHQQVWRII]HOOH� ����������
:LUNXQJVJUDG�0HWKDQRO�%UHQQVWRII]HOOH� ����������

/HLVWXQJ�GHU�%UHQQVWRII]HOOH� ����������:
*HZLFKW�9ROXPHQ�GHU�:DVVHUVWRII�%UHQQVWRII]HOOH���������
J�����PO
*HZLFKW�9ROXPHQ�GHU�0HWKDQRO�%UHQQVWRII]HOOH�
����J������PO

'LH�I�U�GHQ�%HWULHE�HUIRUGHUOLFKH�3HULSKHULH�EOHLEW�LQ�GLHVHU
YHUHLQIDFKWHQ�%HWUDFKWXQJ�XQEHU�FNVLFKWLJW�
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$EELOGXQJ��D��*HZLFKW�GHU�(QHUJLHV\VWHPH�LQ�$EKlQJLJNHLW�YRQ
GHU
�����������������������(QHUJLHVSHLFKHUNDSD]LWlW

$EELOGXQJ��E��9ROXPHQ�GHU�(QHUJLHV\VWHPH�LQ�$EKlQJLJNHLW�YRQ
GHU
�������������������������(QHUJLHVSHLFKHUNDSD]LWlW
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8QWHU�GLHVHQ�%HGLQJXQJHQ�HUJHEHQ�VLFK�9RUWHLOH�I�U�GDV
:DVVHUVWRII�%UHQQVWRII]HOOHQV\VWHP�DE�6SHLFKHUNDSD]LWlWHQ
YRQ����������:K�XQG�GDU�EHU��)�U�GDV�'0)&�6\VWHP�LVW
HLQH�NOHLQHUH�/HLVWXQJ�ZLFKWLJ��GD�EHL����:�9ROXPHQ�XQG
*HZLFKW�GHU�%UHQQVWRII]HOOH�GRPLQDQW�VLQG�

,Q�$EELOGXQJ���LVW�GHU�KHXWH�UHDOLVLHUWH�6WDQG�GHU�7HFKQLN
GDUJHVWHOOW��HV�VLQG�GLH�(QHUJLHGLFKWHQ�GUHLHU�WDWVlFKOLFK
UHDOLVLHUWHU�%UHQQVWRII]HOOHQ�6\VWHPH�GHV�)UDXQKRIHU�,6(�PLW
GHU�(QHUJLHGLFKWH�KDQGHOV�EOLFKHU�/L�,RQHQ�$NNXV
YHUJOLFKHQ��%HL�GHQ�%UHQQVWRII]HOOHQ�6\VWHPHQ�KDQGHOW�HV
VLFK�XP�QLFKW�DXVJHUHLIWH�/DERUPRGHOOH��ZDV�GXUFK�GLH
JUR�H�6WHLJHUXQJ�GHU�(QHUJLHGLFKWHQ�LQQHUKDOE�HLQHV�-DKUHV
GDUJHOHJW�ZLUG��%HL�GHU�5HFKQXQJ�ZXUGH�YRQ�HLQHU
6\VWHPNDSD]LWlW�YRQ�����:KHO��DXVJHJDQJHQ��GLH�JHVDPWH
%UHQQVWRII]HOOHQ�3HULSKHULH�LQNOXVLYH�6SHLFKHU�ZXUGH
EHU�FNVLFKWLJW�
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System im Laptop

Brennsto ffzelle 98 Li-Ionen-Akku Brennstoffzelle 99 M iniatur-
Brennstoffzelle
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$EELOGXQJ���� 9HUJOHLFK�GHU�(QHUJLHGLFKWHQ�YRQ�%UHQQVWRII]HOOHQ�
6\VWHPHQ�XQG

/L�,RQHQ�$NNXV
������6WUHLIHQNRQ]HSW�ZLH�DXI�GHU�+DQQRYHUPHVVH

����
� YRUJHVWHOOW

������6WUHLIHQNRQ]HSW�PLW�YHUEHVVHUWHU�/XIW]XIXKU
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]XU�.DWKRGH
� �0HPEUDQSXPSH�

������6HOEVWDWPHQGHU�6WDFN�PLW�'&�:DQGOHU

$OV�%HLVSLHO�VLQG�QDFKIROJHQG�]ZHL�DXI�GHU�+DQQRYHU�0HVVH
�����YRUJHVWHOOWH�3URWRW\SHQ�GHV�)UDXQKRIHU�,6(�GDUJHVWHOOW�

(LQH�0LQLDWXU�%UHQQVWRII]HOOH�ZXUGH�I�U�HLQHQ
/HLVWXQJVEHUHLFK�ELV����:�HQWZLFNHOW��'LH�,QWHJUDWLRQ�HLQHV
KRFKHIIL]LHQWHQ�6SDQQXQJVZDQGOHUV�HUP|JOLFKW�HLQH
7UDQVIRUPDWLRQ�DXI�EHOLHELJH�$XVJDQJVVSDQQXQJHQ�ELV�FD�
���9�
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$EELOGXQJ��D��0LQLDWXU�%UHQQVWRII]HOOH� $EELOGXQJ��E��6WURP�
6SDQQXQJV�
GHV�)UDXQKRIHU�,6(�PLW�LQWHJULHUWHP &KDUDNWHULVWLN
'&�'&�:DQGOHU�XQG�PLW�+\GULGVSHLFKHU

'LH�0LNUREUHQQVWRII]HOOH�]HLJW�GLH�0|JOLFKNHLWHQ�I�U
QLHGULJVWH�/HLVWXQJHQ��'LH�DEJHELOGHWH�%UHQQVWRII]HOOH�KDW
EHL�HLQHU�/HLVWXQJVGLFKWH�YRQ���:�FPó�FD������P:
$XVJDQJVOHLVWXQJ��'HU�%UHQQVWRII]HOOHQVWDSHO�EHVWHKW�DXV��
=HOOHQ�XQG�KDW�GDEHL�HLQH�%DXK|KH�YRQ�����PP�
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$EELOGXQJ��D��0LNUREUHQQVWRII]HOOH� $EELOGXQJ��E�
0LNURVWUXNWXULHUWH
GHV�)UDXQKRIHU�,6(��(QWZLFNOXQJ�LQ� IORZ�ILHOGV
.RRSHUDWLRQ�PLW�GHP�,07(.��,QVWLWXW
I�U�0LNURV\VWHPWHFKQLN�
$OEHUW�/XGZLJV�8QLYHUVLWlW�)UHLEXUJ�

� $QZHQGXQJHQ

'XUFK�GLH�]XQHKPHQGH�0RELOLWlW�ZHUGHQ�LPPHU�K|KHUH
$QIRUGHUXQJHQ�DXFK�DQ�,QIRUPDWLRQVV\VWHPH�JHVWHOOW�
3RUWDEOH�7HOHIRQH�XQG�WUDJEDUH�&RPSXWHU�HUP|JOLFKHQ�HV
GHQ�$QZHQGHUQ��GHQ�$UEHLWVSODW]�TXDVL�DQ�MHGHQ�EHOLHELJHQ
2UW�PLW]XQHKPHQ�XQG�HEHQIDOOV�NRPSOH[H�,QIRUPDWLRQHQ
�EHU�ODQJH�'LVWDQ]HQ�DXV]XWDXVFKHQ��9|OOLJ�QHXH�3URGXNWH
VLQG�GDKHU�GXUFK�HLQH�HUZHLWHUWH�1XW]XQJ�GHV�,QWHUQHW
PLWWHOV�WUDJEDUHU�,QIRUPDWLRQVJHUlWH�P|JOLFK��'LH
QHW]XQDEKlQJLJH�$UEHLWV]HLW�ZLUG�GDEHL�]X�HLQHP�GHU
ZLFKWLJVWHQ�.DXINULWHULHQ�

)�U�DOOH�$QZHQGXQJHQ�LP�SRUWDEOHQ�XQG�LP�&&&���%HUHLFK
VLQG�KRKH�/HLVWXQJVGLFKWHQ�VRZLH�HLQH�KRKH
(QHUJLHVSHLFKHUNDSD]LWlW��JHULQJHV�*HZLFKW��VRZLH�HLQH
YDULDEOH�*HRPHWULH�GHV�6\VWHPV�GLH�ZLFKWLJVWHQ�3DUDPHWHU�
:HLWHUH�ZHVHQWOLFKH�9RUDXVVHW]XQJHQ�VLQG�GLH�VFKQHOOH
:LHGHUEHI�OOXQJ�PLW�GHQ�MHZHLOLJHQ�(QHUJLHWUlJHUQ�]XU
9HUOlQJHUXQJ�GHU�1HW]DXWDUNLH�VRZLH�HLQH�P|JOLFKVW�KRKH
$Q]DKO�YRQ�/DGH���(QWODGH]\NOHQ��:HJHQ�GHV�EUHLWHQ
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3URGXNWVSHNWUXPV�LQ�GLHVHP�%HUHLFK�XQG�GHV�HEHQIDOOV�VHKU
XQWHUVFKLHGOLFKHQ�1XW]HUYHUKDOWHQV�VLQG�GLH�$QIRUGHUXQJHQ
DOOHUGLQJV�QXU�VFKZHU�]X�NRQNUHWLVLHUHQ�XQG�LQ�=DKOHQ�]X
IDVVHQ��0|JOLFKH�$QZHQGXQJHQ�VLQG�0RELOWHOHIRQH�
/DSWRSV��9LGHRNDPHUDV��SRUWDEOH�,QIRUPDWLRQVJHUlWH�HWF��'LH
0DUNWHLQI�KUXQJ�HLQHU�QHXHQ�%DWWHULH�I�U�GLH
(QHUJLHYHUVRUJXQJ�HOHNWURQLVFKHU�*HUlWH�LVW�ZHJHQ�GHU
NXU]HQ�/HEHQV]\NOHQ�GLHVHU�*HUlWH���EHLVSLHOVZHLVH�FD�����
-DKUH�I�U�WUDJEDUH�&RPSXWHU���VHKU�VFKQHOO�P|JOLFK��-H
QDFKGHP��ZLH�ZLFKWLJ�HLQH�YHUOlQJHUWH�/DXI]HLW�GHV
HOHNWURQLVFKHQ�*HUlWHV�I�U�GHQ�.XQGHQ�LVW��ZLUG�HU�EHUHLW
VHLQ��HLQH�WHXUHUH��TXDOLWDWLY�KRFKZHUWLJH�%DWWHULH�PLW�KRKHU
6SHLFKHUNDSD]LWlW�]X�NDXIHQ��ZLH�DXFK�(UIDKUXQJHQ�PLW�GHU
/L�,RQHQ�%DWWHULH�]HLJHQ��'LH�5DQGEHGLQJXQJHQ�VLQG�VWDUN
YRP�$QZHQGXQJVJHELHW�DEKlQJLJ��1DFK�HLQHU�JUREHQ
.RVWHQVFKlW]XQJ�DXI�%DVLV�GHU�KHXWH�YHUI�JEDUHQ�'DWHQ�I�U
GLH�.RPSRQHQWHQ�HLQHV�%UHQQVWRII]HOOHQV\VWHPV�VROOWH�GDV
.RVWHQQLYHDX�GHU�/L�%DWWHULHQ�HUUHLFKEDU�VHLQ�


