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Hydrogen supply from solarthermal power plants at an annual increase of newly 
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ÑÉ~ëáÄáäáíó=çÑ=íÜÉ=éêçÅÉëë=áå=êÉ~ä=ëÅ~äÉ=áë=ÇçìÄíÑìä=~åÇ=Ü~ë=ëíáää=íç=ÄÉ=ÇÉãçåëíê~íÉÇK=qÜÉêÉJ
ÑçêÉI=íÜÉ=ÖêÉÉåÜçìëÉ=Ö~ë=Éãáëëáçå=êÉÇìÅíáçå=éçíÉåíá~äë=çÑ=ãÉíÜ~åçä=~åÇ=ÉíÜ~åçä=~êÉ=äáãJ
áíÉÇK

MKQ cìÉä=ëìééäó

qÜÉ=ÑçääçïáåÖ=ÑìÉä=ëìééäó=é~íÜï~óë=Ü~îÉ=ÄÉÉå=~å~äóòÉÇW

• d~ëçäáåÉ=Ñêçã=ÅêìÇÉ=çáä

• aáÉëÉä=Ñêçã=ÅêìÇÉ=çáä
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MJV

• aáÉëÉä=Ñêçã=å~íìê~ä=Ö~ë=îá~=cáëÅÜÉêJqêçéëÅÜJpóåíÜÉëáë

• aáÉëÉä=Ñêçã=ï~ëíÉ=ïççÇ=îá~=íÜÉ=eqrJmêçÅÉëë

• bíÜ~åçä=Ñêçã=ëìÖ~ê=ÄÉÉí

• bíÜ~åçä=Ñêçã=ï~ëíÉ=ïççÇ=îá~=íÜÉ=pp`cJmêçÅÉëë

• jÉíÜ~åçä=Ñêçã=å~íìê~ä=Ö~ë

• jÉíÜ~åçä=Ñêçã=ï~ëíÉ=ïççÇ

• `çãéêÉëëÉÇ=å~íìê~ä=Ö~ë=EdÉêã~å=å~íìê~ä=Ö~ë=ãáñX=î~êá~åí=~=łÑáääáåÖ=ëí~íáçå=ÅçååÉÅíÉÇ
íç= íÜÉ= ÜáÖÜ= éêÉëëìêÉ= å~íìê~ä= Ö~ë= ÖêáÇÒI= î~êá~åí= Ä= łÅçååÉÅíáçå= íç= äçï= éêÉëëìêÉ= Ö~ë
ÖêáÇ“F

• iáèìáÇ=å~íìê~ä=Ö~ë=áãéçêíÉÇ=Ñêçã=^äÖÉêá~

• `çãéêÉëëÉÇ=Ö~ëÉçìë=ÜóÇêçÖÉå=Ñêçã=å~íìê~ä=Ö~ë=îá~=êÉÑçêãáåÖ=~í=íÜÉ=ÑáääáåÖ=ëí~íáçå

• `çãéêÉëëÉÇ=Ö~ëÉçìë=ÜóÇêçÖÉå=Ñêçã=ï~ëíÉ=ïççÇ=ÅäçëÉ=íç=íÜÉ=ÑáääáåÖ=ëí~íáçå

• `çãéêÉëëÉÇ= Ö~ëÉçìë= ÜóÇêçÖÉå= îá~= ÉäÉÅíêçäóëáë= ~í= íÜÉ= ÑáääáåÖ= ëí~íáçå= ìëáåÖ= ÉäÉÅíêáÅáíó
Ñêçã=çÑÑJëÜçêÉ=ïáåÇ=éçïÉê

• iáèìáÇ=ÜóÇêçÖÉå=Ñêçã=å~íìê~ä=Ö~ë

• iáèìáÇ=ÜóÇêçÖÉå=Ñêçã=ï~ëíÉ=ïççÇ

• iáèìáÇ=ÜóÇêçÖÉå=îá~=ÉäÉÅíêçäóëáë=ìëáåÖ=ÉäÉÅíêáÅáíó=Ñêçã=çÑÑJëÜçêÉ=ïáåÇ=éçïÉê

• iáèìáÇ= ÜóÇêçÖÉå= îá~= ÉäÉÅíêçäóëáë= ìëáåÖ= ÉäÉÅíêáÅáíó= Ñêçã= ëçä~êíÜÉêã~ä= éçïÉê= éä~åíë= áå
kçêíÜÉêå=^ÑêáÅ~

• bäÉÅíêáÅáíó=ãáñ=dÉêã~å=EMKQ=âs=äÉîÉäFK

jçêÉ=~åÇ=çíÜÉê=ÑìÉä=ëìééäó=é~íÜï~óë=~êÉ=éçëëáÄäÉK=qÜáë=ëÉäÉÅíáçå=Ü~ë=ÄÉÉå=ã~ÇÉ=íç=ëé~å
íÜÉ=ÉåíáêÉ=ïáÇíÜ=çÑ=éçëëáÄáäáíáÉë=çÑ=ëÉåëáÄäÉ=é~íÜï~óëK

qÜÉ=ÑçääçïáåÖ=cáÖìêÉ=MJS=ëÜçïë=íÜÉ=ÖêÉÉåÜçìëÉ=Ö~ë=Éãáëëáçåë=çÑ= ÑìÉä=ëìééäó=~åÇ=ëìÄëÉJ
èìÉåí=ÑìÉä=Åçåëìãéíáçå=EÅçãÄìëíáçåI=çÑ=êÉÑçêãáåÖ=íç=ÜóÇêçÖÉå=áå=íÜÉ=Å~êFK=qÜÉ=ìëÉ=çÑ=ÑìJ
Éäë=ÇÉêáîÉÇ=Ñêçã=Äáçã~ëë=áë=`lO=åÉìíê~ä=~ë=íÜÉ=ÅçãÄìëíáçå=äáÄÉê~íÉë=Éñ~Åíäó=íÜÉ=~ãçìåí=çÑ
`lO=íÜ~í=Ü~ë=ÄÉÉå=Éñíê~ÅíÉÇ=Ñêçã=íÜÉ=~íãçëéÜÉêÉ=ÇìêáåÖ=íÜÉ=ÖêçïíÜ=çÑ=íÜÉ=éä~åí=Äó=éÜçJ
íçëóåíÜÉëáëK
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iççâáåÖ=~í= íÜÉ= êÉåÉï~ÄäÉ= ÑìÉäë= áí= áë= ëíêáâáåÖ= íÜ~í=ÉíÜ~åçä=éêçÇìÅÉÇ= Ñêçã=ëìÖ~ê=ÄÉÉí=Ü~ë
êÉä~íáîÉäó=ÜáÖÜ=`lO=Éèìáî~äÉåí=ÉãáëëáçåëK=qÜáë=ÇìÉ=íç=íÜÉ=ÜáÖÜ=åáíêçìë=çñáÇÉ=Éãáëëáçåë=Ñêçã
ÖêçïáåÖ=ëìÖ~ê=ÄÉÉíK

qÜÉ=ÖêÉÉåÜçìëÉ=Ö~ë=Éãáëëáçåë=çÑ=íÜÉ=êÉåÉï~ÄäÉ=ÑìÉä=ëìééäó=é~íÜï~óë=~êÉ=~êçìåÇ=NMB=çÑ
íÜçëÉ= çÑ= íÜÉ= ÅçåîÉåíáçå~ä= Ñçëëáä= é~íÜï~óëK= eóÇêçÖÉå= Ñêçã= å~íìê~ä= Ö~ë= Ü~ë= NR= Ó= OMB
ÜáÖÜÉê=`lO=Éèìáî~äÉåí=Éãáëëáçåë=éÉê=ìåáí=çÑ=ÉåÉêÖó=íÜ~å=Ö~ëçäáåÉK=`çãÄáåáåÖ=íÜáë=ïáíÜ=íÜÉ
ÜáÖÜÉê=ÉÑÑáÅáÉåÅó=çÑ=íÜÉ=ÑìÉä=ÅÉää=Å~êI=íÜáë=êÉä~íáçåëÜáé=áë=êÉîÉêëÉÇK=qÜáë=ëÜçïë=íÜ~í=~=ëÉåëáJ
ÄäÉ=Åçãé~êáëçå=Å~å=çåäó=ÄÉ=ã~ÇÉ=ÅçãÄáåáåÖ=ÑìÉä=ëìééäó=~åÇ=ÑìÉä=Åçåëìãéíáçå=áå=íÜÉ=Å~ê
EëÉÉ=ÅÜ~éíÉê=MKRFK

MKR cìÉä=Åçåëìãéíáçå=çÑ=é~ëëÉåÖÉê=Å~êë

qÜÉ=ÅçåîÉåíáçå~ä=éçïÉê=íê~áåë=Ö~ëçäáåÉ=~åÇ=ÇáÉëÉä= áåíÉêå~ä=ÅçãÄìëíáçå=ÉåÖáåÉ=~ÑíÉê=NMM
óÉ~êë=çÑ=ÇÉîÉäçéãÉåí=ëíáää=Ü~îÉ=éçíÉåíá~äë=íç=áãéêçîÉ=ÉÑÑáÅáÉåÅóK=få=íÜÉ=éêÉëÉåí=ëíìÇóI=íÜÉ
ìäíáã~íÉ=êÉÇìÅíáçåë=áå=ÑìÉä=Åçåëìãéíáçå=çÑ=íÜÉëÉ=éçïÉê=íê~áåë=~êÉ=~ëëÉëëÉÇK

tÉ=ëí~êí=Ñêçã=ÄÉëí=~î~áä~ÄäÉ=íÉÅÜåçäçÖó=íçÇ~óK=cçê=íÜÉ=~äíÉêå~íáîÉ=éçïÉê=íê~áåëI=íÜÉ=ÅçåJ
ëìãéíáçå= êÉÇìÅíáçå=éçíÉåíá~äë=Åçãé~êÉÇ= íç= íÜÉ=Ö~ëçäáåÉ= áåíÉêå~ä=ÅçãÄìëíáçå=ÉåÖáåÉ=~êÉ
~ëëÉëëÉÇK= qÜáë= ~ääçïë= íç= ~ëëÉëë= íÜÉ= ÑìÉä= Åçåëìãéíáçå= E“q~åâJíçJtÜÉÉäÒF= çÑ= ~ää= éçïÉê
íê~áåë=~å~äóòÉÇ=ÜÉêÉ=Ñçê=íÜÉ=íáãÉ=Ñê~ãÉ=çÑ=OMNM=íç=OMOMK
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MJNN

få=êÉ~äáíóI=ÑìÉä=Åçåëìãéíáçå=Ñçê=î~êáçìë=êÉ~ëçåë=áë=ÖÉåÉê~ääó=ÜáÖÜÉê=íÜ~å=ìëáåÖ=ÄÉëí=~î~áäJ
~ÄäÉ=íÉÅÜåçäçÖóK=qÜÉ=ê~íáç=çÑ=ê~íÉÇ=ÉåÖáåÉ=éçïÉê=íç=îÉÜáÅäÉ=ã~ëë=áë=~=ÅêáíáÅ~ä=î~äìÉ=áåÑäìJ
ÉåÅáåÖ=ÑìÉä=ÅçåëìãéíáçåK=táíÜ=êáëáåÖ=éçïÉê=íç=ã~ëë=ê~íáçI=ÑìÉä=Åçåëìãéíáçå=áåÅêÉ~ëÉë=~ë
íÜÉ=ÉåÖáåÉ=áë=çéÉê~íÉÇ=áå=ìåÑ~îçê~ÄäÉ=éçïÉê=~åÇ=omj=êÉÖáãÉëK

^ÅÅçêÇáåÖ=íç=íÜÉ=~ëëçÅá~íáçå=çÑ=bìêçéÉ~å=~ìíçãçíáîÉ=ã~åìÑ~ÅíìêÉêë=E^`b^F=íÜÉ=~îÉê~ÖÉ
`lO= Éãáëëáçåë= çÑ= åÉïäó= ëçäÇ= é~ëëÉåÖÉê= Å~êë= Ü~îÉ= ÄÉÉå= êÉÇìÅÉÇ= Ñêçã= NUS=ÖLâã= íç
NSV=ÖLâã= ÄÉíïÉÉå= NVVR= ~åÇ= OMMMK= qÜÉ= ëÜ~êÉ= çÑ= ÇáÉëÉä= é~ëëÉåÖÉê= Å~êë= áåÅêÉ~ëÉÇ= Ñêçã
OOB=íç=PRKUBK=^í=íÜÉ=ë~ãÉ=íáãÉI=íÜÉ=~îÉê~ÖÉ=Å~ê=ã~ëë=áåÅêÉ~ëÉÇ=Äó=TKVBI=íÜÉ=~îÉê~ÖÉ
ÉåÖáåÉ= Çáëéä~ÅÉãÉåí= áåÅêÉ~ëÉÇ= Äó= PKUBI= ~åÇ= íÜÉ= ~îÉê~ÖÉ= ÉåÖáåÉ= éçïÉê= áåÅêÉ~ëÉÇ= Äó
NQKPBK=aÉéÉåÇáåÖ=çå=íÜÉ=~ëëìãéíáçåë=ÅçåÅÉêåáåÖ=~áê=Çê~Ö=~åÇ=êçääáåÖ=êÉëáëí~åÅÉI=íÜÉ=~îJ
Éê~ÖÉ= Å~ê=ã~ëë= çÑ= NNNU=âÖ= EÖ~ëçäáåÉF= ~åÇ= NPMU=âÖ= EÇáÉëÉäF= ~îÉê~ÖÉ= Å~ê= ÉÑÑáÅáÉåÅáÉë= ~êÉ
NPKQ=Ó=NQKTB=Ñçê=Ö~ëçäáåÉ=Å~êë=~åÇ=NSKU=Ó=NTKTB=Ñçê=ÇáÉëÉä=Å~êëK=qÜáë=ãÉ~åë=íÜ~í=íÜÉ=~îJ
Éê~ÖÉ=Å~êë=ëçäÇ=~êÉ=çåÉ=íÜáêÇ=äÉëë=ÉÑÑáÅáÉåí=íÜ~å=ÄÉëí=~î~áä~ÄäÉ=íÉÅÜåçäçÖóI=ïÜáÅÜ=áë=ONB
ÉÑÑáÅáÉåÅó=Ñçê=Ö~ëçäáåÉ=Å~êë=~åÇ=OQB=Ñçê=ÇáÉëÉä=Å~êëK

qÜáë=ãÉ~åë=íÜ~í=ÅçåëáÇÉêáåÖ=ÄÉëí=~î~áä~ÄäÉ=íÉÅÜåçäçÖó=ÇçÉë=åçí=ÖáîÉ=~=ÅçêêÉÅí=îáÉï=çÑ=êÉJ
~äáíóK= qÜÉ=ãçëí= áãéçêí~åí= “ÉåÉãóÒ= çÑ= ëí~íÉJçÑJíÜÉJ~êí= ÉÑÑáÅáÉåÅó= ~êÉ= ÅìëíçãÉê= ÇÉã~åÇë
ÅçåÅÉêåáåÖ=ÅçãÑçêíI=êÉëìäíáåÖ=áå=ÜáÖÜ=îÉÜáÅäÉ=ã~ëëÉëI=~åÇ=ÅçåÅÉêåáåÖ=îÉÜáÅäÉ=éÉêÑçêã~åÅÉ
êÉëìäíáåÖ=áå=áåÅêÉ~ëáåÖäó=çîÉêëáòÉÇ=ÉåÖáåÉëK=_çíÜ=íÉåÇÉåÅáÉë=áåÅêÉ~ëÉ=ÑìÉä=ÅçåëìãéíáçåK

qÜÉêÉÑçêÉI= íÜÉ=éêÉëÉåí=ëíìÇó=~ëëìãÉë= íÜ~í= áå= íÜÉ= ÑìíìêÉI= àìëí=~ë= íçÇ~óI= íÜÉ=~îÉê~ÖÉ= Å~êë
ëçäÇ=ïáää=Ü~îÉ=~=QMB=íç=RMB=ÜáÖÜÉê=ÑìÉä=Åçåëìãéíáçå=~ë=íÜÉ=“ÄÉëíÒ=Å~êK=`çåëÉèìÉåíäóI=~å
~ÇÇáíáçå~ä=êÉÇìÅíáçå=éçíÉåíá~ä=áë=íç=ëÉää=Å~êë=íÜ~í=ÄÉííÉê=~Ç~éíÉÇ=íç=êÉ~äáëíáÅ=ÇêáîÉ=é~ííÉêåëK
qÜáë=áë=Éèìáî~äÉåí=íç=~=êÉÇìÅíáçå=çÑ=ÉåÖáåÉ=éçïÉê=êÉä~íáîÉ=íç=îÉÜáÅäÉ=ã~ëëK

qÜÉ= íêÉåÇ= ÅçåíáåìÉë= íç= ÄÉ= íçï~êÇë=ãçêÉ= éçïÉêÑìä= ÉåÖáåÉëI= ä~êÖÉê= ÉåÖáåÉ= Çáëéä~ÅÉãÉåí
~åÇ=ÜÉ~îáÉê=Å~êëK

fí=Ü~ë= íç= ÄÉ=åçíÉÇ=ÜÉêÉ= íÜ~í= íÜÉ= ÑìÉä= Åçåëìãéíáçåë=ÇáëÅìëëÉÇ=Çç=åçí= áåÅäìÇÉ= ~ìñáäá~êáÉë
ëìÅÜ=~ë=~áê=ÅçåÇáíáçåáåÖI=ãìäíáJãÉÇá~=ÉèìáéãÉåí=ÉíÅK=qÜáë=~ìñáäá~êó=Åçåëìãéíáçå=áë=çå=íÜÉ
êáëÉK

q~ÄäÉ=MJNW=cìÉä=Åçåëìãéíáçå=çÑ=ÅçåîÉåíáçå~ä=éçïÉê=íê~áåë=áå=Ñçìê=îÉÜáÅäÉ=Å~íÉÖçJ
êáÉë

Today "Lupo" class "Golf" class "5er" class "Van" class
median +/- band width median +/- band width median +/- band width median +/- band width

[kWh/km] [kWh/km] [kWh/km] [kWh/km]
Gasoline ICE 0.515 0.084 0.752 0.216 0.955 0.277 0.955 0.260
Diesel ICE 0.370 0.070 0.570 0.130 0.715 0.175 0.715 0.085

q~ÄäÉ=MJO=~åÇ=q~ÄäÉ=MJP=ÖáîÉ=~å=çîÉêîáÉï=éçëëáÄäÉ=ÑìíìêÉ=ÑìÉä=Åçåëìãéíáçå=êÉÇìÅíáçåë=~ë
~å=~îÉê~ÖÉ=çÑ=~ää=é~ëëÉåÖÉê=Å~êë=ëçäÇK=^=êÉÇìÅíáçå=çÑ=~îÉê~ÖÉ=Å~ê=ã~ëë=Ü~ë=åçí=ÄÉÉå=~ëJ
ëìãÉÇK
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MJNO

q~ÄäÉ=MJOW=cìíìêÉ=áãéêçîÉãÉåí=çÑ=ÅçåîÉåíáçå~ä=éçïÉê=íê~áåë=Åçãé~êÉÇ=íç=íçÇ~ó
~åÇ=ÑìÉä=Åçåëìãéíáçå=~Çî~åí~ÖÉë=çÑ=~äíÉêå~íáîÉ=éçïÉê=íê~áåë=Åçãé~êÉÇ=íç=Ö~ëçJ
äáåÉ=áåíÉêå~ä=ÅçãÄìëíáçå=ÉåÖáåÉ=Å~êë

2010-2020 Future advances over today Advantage over gasoline ICE 2010/20
from to average +/- band width from to average +/- band width

Gasoline ICE 25.6% 36.3% 30.9% 5.3%
Gasoline FC 0% 20% 10% 10%
Diesel ICE 8% 20% 14% 6%
EtOH-FC 17% 33% 25% 8%
MeOH-FC 18% 35% 26.5% 8.5%
CNG/LNG ICE 0% 0% 0% 0%
LH2 ICE 0% 0% 0% 0%
LH2/CGH2 FC 34% 45% 39.5% 5.5%
Battery 63% 63% 63% 0%

q~ÄäÉ=MJPW=cìíìêÉ=ÑìÉä=Åçåëìãéíáçå=çÑ=íÜÉ=ÇáÑÑÉêÉåí=éçïÉê=íê~áåë

2010-2020 "Lupo" class "Golf" class "5er" class "Van" class
median +/- band width median +/- band width median +/- band width median +/- band width

[kWh/km] [kWh/km] [kWh/km] [kWh/km]
Gasoline ICE 0.356 0.064 0.520 0.154 0.659 0.198 0.659 0.186
Gasoline FC 0.320 0.068 0.468 0.148 0.593 0.190 0.593 0.180
Diesel ICE 0.318 0.064 0.490 0.117 0.615 0.156 0.615 0.085
EtOH-FC 0.267 0.056 0.390 0.123 0.495 0.158 0.495 0.149
MeOH-FC 0.261 0.056 0.382 0.122 0.485 0.156 0.485 0.148
CNG/LNG ICE 0.356 0.064 0.520 0.154 0.659 0.198 0.659 0.186
LH2 ICE 0.356 0.064 0.520 0.154 0.659 0.198 0.659 0.186
LH2/CGH2 FC 0.215 0.043 0.314 0.098 0.399 0.125 0.399 0.118
Battery 0.132 0.024 0.192 0.057 0.244 0.073 0.244 0.069

^= ÑìêíÜÉê= êÉÇìÅíáçå= çÑ= ÑìÉä= Åçåëìãéíáçå= Å~å= ÄÉ= êÉ~äáòÉÇ= Äó= êÉÇìÅáåÖ= îÉÜáÅäÉ= ã~ëëK= ^å
~äìãáåìã=ÄçÇóïçêâ=êÉÇìÅÉÇ=íÜÉ=îÉÜáÅäÉ=ïÉáÖÜí=Äó=NN=Ó=NPB=Åçãé~êÉÇ=íç=~=ëíÉÉä=ÄçÇóJ
ïçêâK=rëáåÖ=ÅçãéçëáíÉ=ÑáÄÉê=ã~íÉêá~äë=Ñçê=íÜÉ=ÄçÇóïçêâ=êÉÇìÅÉë=Å~ê=ïÉáÖÜí=Äó=ìé=íç=NTBK

rëáåÖ=~ää= äáÖÜíïÉáÖÜí=éçíÉåíá~äë= áå=íÜÉ=ÉåíáêÉ=Å~ê=Äó=ãÉ~åë=çÑ=~å=çéíáãìã=ã~íÉêá~äë=ãáñ
áåÅäìÇáåÖ=ã~ÖåÉëáìãI=~äìãáåìã=~åÇ=ÅçãéçëáíÉ=ã~íÉêá~äë=~ääçïë=íç=êÉÇìÅÉ=Å~ê=ïÉáÖÜí=Äó
PM=Ó=PRBK

qÜáë=~ääçïë=íç=êÉ~äáòÉ=íÜÉ=ÑçääçïáåÖ=ÑìÉä=Åçåëìãéíáçå=êÉÇìÅíáçåëI=ÄçíÜ=áå=Ö~ëçäáåÉ=áåíÉêå~ä
ÅçãÄìëíáçå=ÉåÖáåÉ=Å~êë=~åÇ=áå=ÜóÇêçÖÉå=ÑìÉä=ÅÉää=Å~êëW

q~ÄäÉ=MJQW=oÉÇìÅíáçå=çÑ=ÑìÉä=Åçåëìãéíáçå=íÜêçìÖÜ=êÉÇìÅÉÇ=îÉÜáÅäÉ=ã~ëëÉë

xâtÜLâãz “iìéçÒ=Åä~ëë “dçäÑÒ=Åä~ëë “RÉêÒ=Åä~ëë

cìÉä=Åçåëìãéíáçå=êÉÇìÅíáçå
íÜêçìÖÜ= ~äìãáåìã= ÄçÇóJ
ïçêâ

MKMOM=±=MKMMS MKMOS=±=MKMU MKMPQ=±=MKMNN
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MJNP

cìÉä=Åçåëìãéíáçå=êÉÇìÅíáçå
íÜêçìÖÜ= ÅçãéçëáíÉ= ã~íÉêáJ
~äë=ÄçÇóïçêâ

MKMOS=±=MKMU MKMPR=±=MKMNN MKMQO=±=MKMNP

j~ñáãìã=ÑìÉä=Åçåëìãéíáçå
êÉÇìÅíáçå=íÜêçìÖÜ=çéíáãìã
ã~íÉêá~äë= ãáñ= áå= íÜÉ= ÉåíáêÉ
îÉÜáÅäÉ

MKMQU=±=MKMNR MKMTR=±=MKMOP MKNNO=±=MKMPQ

räíê~JäáÖÜíïÉáÖÜí=îÉÜáÅäÉëI=ëçJÅ~ääÉÇ=eóéÉêÅ~êëI=~êÉ=ÉñíÉåëáîÉäó=ÇáëÅìëëÉÇK=eóéÉêÅ~êë=ÅçãJ
ÄáåÉ=~ää=áååçî~íáîÉ=ÅçåÅÉéíë=Ñçê=íÜÉ=êÉÇìÅíáçå=çÑ=ÑìÉä=ÅçåëìãéíáçåK

tÜáäÉ= íÜÉ= ê~íÜÉê= ÅçåîÉåíáçå~ä= Å~êë= st= iìéç= PiI= ^ìÇá= ^O= çê= dêÉÉåéÉ~ÅÉ= pãáäÉ= ~êÉ= ~å
Éîçäìíáçå=çÑ=ÉñáëíáåÖ=íÉÅÜåçäçÖóI=eóéÉêÅ~êë=~êÉ=êÉîçäìíáçå~êó=éêçíçíóéÉëK=få=íÜÉ=ÑìÉä=ÅçåJ
ëìãéíáçå=î~äìÉëI= íÜçìÖÜI=ÄçíÜ=ÅçåÅÉéíë=Ü~îÉ=ãçêÉ=çê= äÉëë=ãÉíI=~í= äÉ~ëí= áÑ=~ää=éçíÉåíá~äë
~êÉ=êÉ~äáòÉÇ= áå=íÜÉ=ÅçåîÉåíáçå~ä=Å~êëI=~åÇ=íÜÉ=ÉåÖáåÉ=éçïÉê= áë=~Ç~éíÉÇ=íç=íÜÉ=~Åíì~ä= êÉJ
èìáêÉãÉåíëK=cìÉä=ÅÉää=ÇêáîÉ=íê~áåë=ïçìäÇ=~ääçï=ÄçíÜ=îÉÜáÅäÉ=íóéÉë=íç=åÉ~êäó=Ü~äÑ=íÜÉáê=ÅçåJ
ëìãéíáçå=ÑáÖìêÉëK=fí=Ü~ë=íç=ÄÉ=åçíÉÇI=íÜçìÖÜI=íÜ~í=åÉáíÜÉê=eóéÉêÅ~êë=åçê=~Çî~åÅÉÇ=ÅçåîÉåJ
íáçå~ä=îÉÜáÅäÉë=ïáíÜ=äáÖÜíïÉáÖÜí=ÄçÇáÉë=Ü~îÉ=êÉ~ÅÜÉÇ=íÜÉ=ÉåÇ=çÑ=íÜÉáê=êÉëéÉÅíáîÉ=ÇÉîÉäçéJ
ãÉåíK

^ää=ÑìÉä=Åçåëìãéíáçå=î~äìÉë=ÖáîÉå=~êÉ=Ä~ëÉÇ=çå=íÜÉ=çÑÑáÅá~ä=kÉï=bìêçéÉ~å=aêáîáåÖ=`óÅäÉ
Ekba`F=I=ïÜáÅÜ=áë=íÜÉ=äÉÖ~ä=Ä~ëáë=Ñçê=Åçåëìãéíáçå=ÑáÖìêÉë=éìÄäáëÜÉÇ=Äó=íÜÉ=Å~ê=ã~åìÑ~ÅJ
íìêÉêëK

bîÉå=íÜçìÖÜ=íÜÉ=kba`=Ü~ë=î~êáçìë=Çáë~Çî~åí~ÖÉë=ïÜáÅÜ=ã~âÉ=áí=ê~íÜÉê=áå~ÇÉèì~íÉ=Ñçê=íÜÉ
Åçãé~êáëçå=çÑ=ÅçåîÉåíáçå~ä=~åÇ=~Çî~åÅÉÇ=éêçéìäëáçå=ÅçåÅÉéíë=EÜóÄêáÇ=ÅçåÅÉéíëI=~ää=ÉäÉÅJ
íêáÅ=éêçéìäëáçå=Ä~ëÉÇ=çå=ÑìÉä=ÅÉää=çê=Ä~ííÉêóF=áí= áë=íÜÉ=Ä~ëáë=Ñçê=ãçëí=î~äìÉë=~åÇ=Åçãé~êáJ
ëçåë=ÅáíÉÇ=áå= äáíÉê~íìêÉI=~ë= áí= áë=íÜÉ=çÑÑáÅá~ä=ÅóÅäÉ= áå=bìêçéÉK=cçê=~=Åçãé~êáëçå=çÑ=ÇáÑÑÉêÉåí
éêçéìäëáçå=ÅçåÅÉéíë=Ä~ëÉÇ=çå=íÜÉ=kba`I=íÜÉ=ÑçääçïáåÖ=~ëéÉÅíë=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇK

aêáîáåÖ=ÅóÅäÉë=íÜ~í=ÄÉííÉê=êÉéêÉëÉåí=~Åíì~ä=é~ëëÉåÖÉê=Å~ê=ÇêáîáåÖ=ëáíì~íáçåë=áå=bìêçéÉ=ÇáëJ
éä~ó=íÜÉ=ÑçääçïáåÖ=íÉåÇÉåÅáÉëW

• qÜÉ=ÑìÉä=Åçåëìãéíáçå=êÉÇìÅíáçåë=çÑ=ÑìÉä=ÅÉää=îÉÜáÅäÉë=Åçãé~êÉÇ=íç=áåíÉêå~ä=ÅçãÄìëíáçå
ÉåÖáåÉ=Å~êë=áå=êÉ~ä=ÇêáîáåÖ=ëáíì~íáçåë=~êÉ=ëã~ääÉê=íÜ~å=ìëáåÖ=íÜÉ=kba`=ENMJPMB=êÉÇìÅJ
íáçå=ìëáåÖ=íÜÉ=evwbj=ÅóÅäÉ=Åçãé~êÉÇ=íç=PMJQRB=êÉÇìÅíáçå=ìëáåÖ=íÜÉ=kba`FK

• qÜÉ=é~êíë=çÑ=íÜÉ=ãçêÉ=êÉ~äáëíáÅ=ÇêáîáåÖ=ÅóÅäÉë=jlabj=~åÇ=evwbj=ïÜáÅÜ=ëáãìä~íÉ=ìêJ
Ä~å=ÇêáîáåÖ=êÉëìäí=áå=ÜáÖÜ=ÑìÉä=Åçåëìãéíáçå=êÉÇìÅíáçåë=çÑ=ÑìÉä=ÅÉää=Å~êë=ëáãáä~ê=íç=íÜçëÉ
êÉëìäíáåÖ=Ñêçã=íÜÉ=kba`=EQMJRMB=ÑìÉä=Åçåëìãéíáçå=êÉÇìÅíáçåFK



COMPARISON OF DIFFERENT PROPULSION SYSTEMS IN PRIVATE TRANSPORT
IN TERMS OF ENERGY SAVING AND REDUCTION OF GREENHOUSE GASES
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MJNQ

• fåÇÉéÉåÇÉåí=çÑ=íÜÉ=ÇêáîáåÖ=ÅóÅäÉ=ìëÉÇI=ÜóÇêçÖÉå=ÑìÉä=ÅÉää=Å~êë=Çáëéä~ó=íç=ÜáÖÜÉëí=ÑìÉä
Åçåëìãéíáçå=êÉÇìÅíáçåë=Åçãé~êÉÇ=íç=ÅçåîÉåíáçå~ä=ÇêáîÉëK

• cìÉä= ÅÉää= ÇêáîÉë= áå= ÜÉ~îáÉê= Å~êë= äÉ~Ç= íç= ÜáÖÜÉê= ÑìÉä= Åçåëìãéíáçå= êÉÇìÅíáçåë= íÜ~å= áå
äáÖÜíÉê=Å~êëK=qÜáë= íÉåÇÉåÅó= áë=ÉîÉå=ãçêÉ=éêçåçìåÅÉÇ=ìëáåÖ= íÜÉ=ãçêÉ= êÉ~äáëíáÅ=ÇêáîáåÖ
ÅóÅäÉë=jlabj=~åÇ=evwbj=íÜ~å=ìëáåÖ=íÜÉ=kba`K

MKS dêÉÉåÜçìëÉ=Ö~ë=Éãáëëáçåë=éÉê=âáäçãÉíÉê=ÇêáîÉå

qÜÉ=ÑìÉä=Åçåëìãéíáçå=çÑ=íÜÉ=ÇáÑÑÉêÉåí=éêçéìäëáçå=ëóëíÉãL=ÑìÉä=ÅçãÄáå~íáçåë=Å~å=ÇáêÉÅíäó=ÄÉ
ÅçåîÉêíÉÇ=áåíç=`lO=Éãáëëáçåë=éÉê=âáäçãÉíÉê=ÇêáîÉåK=qÜáë=êÉéêÉëÉåíë=íÜÉ=Éãáëëáçåë=Ñêçã=Å~ê
çéÉê~íáçå=çåäó=Ełq~åâJíçJtÜÉÉä“FK

qÜÉ= ÖêÉÉåÜçìëÉ= Ö~ë= Éãáëëáçåë= Ñêçã= íÜÉ= éêçÇìÅíáçå= ~åÇ= ëìééäó= çÑ= íÜÉ= ÑìÉä= EłtÉääJíçJ
q~åâ“F=ã~ó=íÜÉå=ÄÉ=ÅçãÄáåÉÇ=ïáíÜ=íÜÉ=ÑçêãÉê=î~äìÉë=íç=ÖáîÉ=íÜÉ=çîÉê~ää=ÖêÉÉåÜçìëÉ=Ö~ë
Éãáëëáçåë=EłtÉääJíçJtÜÉÉä“FK

qÜÉ=^`b^=Öç~ä=çÑ=NQM=ÖLâã=ìåíáä=OMMUI=ïÜáÅÜ=áë=Ä~ëÉÇ=áå=ÑìÉä=ÅçãÄìëíáçå=áå=íÜÉ=Å~ê=çåäóI
ëÉÉãë=íç=ÄÉ=~ÅÜáÉî~ÄäÉ=Äó=ãÉ~ëìêÉë=áå=íÜÉ=éêçéìäëáçå=ëóëíÉã=~äçåÉK=cçê=Ö~ëçäáåÉ=áåíÉêå~ä
ÅçãÄìëíáçå=ÉåÖáåÉë=íÜÉ= ä~êÖÉëí= áãéêçîÉãÉåí= áë=ÉñéÉÅíÉÇ=íç=ÄÉ=íÜÉ=ÇáêÉÅí= áåàÉÅíáçå=íÉÅÜJ
åçäçÖóI=ïÜáÅÜ= êÉèìáêÉë= ëìäÑìê= ÑêÉÉ= Ö~ëçäáåÉK= fåíÉêå~ä= ÅçãÄìëíáçå= ÉåÖáåÉ= éêçéìäëáçå= ëóëJ
íÉãë=áå=ÖÉåÉê~ä=Ü~îÉ=êÉÇìÅíáçå=éçíÉåíá~äë= áå=íÜÉ=ÑçääçïáåÖ=~êÉ~ëW=ëí~êíÉêL=ÖÉåÉê~íçê=ìåáíI
QO=s=ÉäÉÅíêáÅ=ëóëíÉãI=çéíáãáòÉÇ=~ìíçã~íáÅ=íê~åëãáëëáçå=ÉíÅK

qÜÉ=Öç~ä=çÑ=íÜÉ=bìêçéÉ~å=råáçå=çÑ=NOM=ÖLâã=ìåíáä=OMNO=ÇçÉë=åçí=ëÉÉã=íç=ÄÉ=~ÅÜáÉî~ÄäÉ
Äó=íÜÉëÉ=ãÉ~ëìêÉë=~äçåÉK=^ÇÇáíáçå~ääó=êÉ~äáòáåÖ=~ää= äáÖÜíïÉáÖÜí=éçíÉåíá~äë=ïçìäÇ=~ääçï=íç
~ÅÜáÉîÉ=~å=ìäíáã~íÉ=NNM=ÖLâãK=fí=Ü~ë=íç=ÄÉ=í~âÉå=áåíç=~ÅÅçìåí=ÜÉêÉ=íÜ~í=íÜÉ=íêÉåÇ=íçï~êÇë
ÜÉ~îáÉê=Å~êë=ïáíÜ=ëíêçåÖÉê=ÉåÖáåÉë=ÅçåíáåìÉëK

qÜÉëÉ=~ëëÉëëãÉåíë=~êÉ=Ä~ëÉÇ=çå=íÜÉ=~ëëìãéíáçå=íÜ~í=áå=íÜÉ=ÑìíìêÉI=àìëí=~ë=íçÇ~óI=íÜÉ=~îJ
Éê~ÖÉ=Å~ê=ëçäÇ=Ü~ë=~=QMB=íç=RMB=ÜáÖÜÉê=Åçåëìãéíáçå=íÜ~å=íÜÉ=“ÄÉëíÒ=Å~êK=^å=~ÇÇáíáçå~ä
éçíÉåíá~ä=Ñçê=ÑìÉä=Åçåëìãéíáçå=êÉÇìÅíáçå=áëI=íÜÉêÉÑçêÉI=íç=ëÉää=Å~êë=íÜ~í=~êÉ=ÄÉííÉê=~Ç~éíÉÇ
íç=íÜÉ=êÉ~ä=êÉèìáêÉãÉåíë=áå=íê~ÑÑáÅK=qÜáë=ÉëëÉåíá~ääó=ãÉ~åë=~=êÉÇìÅíáçå=áå=ÉåÖáåÉ=éçïÉêK

få=~ÇÇáíáçå=áí=Ü~ë=íç=ÄÉ=åçíÉÇ=íÜ~í=íÜÉ=Åçåëìãéíáçå=î~äìÉë=ÇáëÅìëëÉÇ=ÜÉêÉ=Çç=åçí=áåÅäìÇÉ
íÜÉ= Åçåëìãéíáçå=Äó= ~ìñáäá~êó= ëóëíÉãë= ëìÅÜ=~ë= ~áê= ÅçåÇáíáçåáåÖI=ãìäíáãÉÇá~= ëóëíÉãë= ÉíÅK
qÜÉ=Åçåëìãéíáçå=Å~ìëÉÇ=Äó=~ìñáäá~êó=ëóëíÉãë=áë=çå=íÜÉ=êáëÉK

cáÖìêÉ= MJT= Çáëéä~óë= íÜÉ= ÖêÉÉåÜçìëÉ= Ö~ë= Éãáëëáçåë= çÑ= íÜÉ= ÉåíáêÉ= ÑìÉä= ÅÜ~áå= EłtÉääJíçJ
tÜÉÉä“FK=^ÇÇáíáçå~ääóI=íÜÉ=Éãáëëáçåë=Ñêçã=Å~ê=ã~åìÑ~ÅíìêáåÖ=~êÉ=áåÅäìÇÉÇK
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cáÖìêÉ= MJTW= `lO= Éèìáî~äÉåí= Éãáëëáçåë= Ñêçã= Å~ê=ã~åìÑ~ÅíìêáåÖI= Å~ê= çéÉê~íáçå= ~ë
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qÜÉ=áåíêçÇìÅíáçå=çÑ=å~íìê~ä=Ö~ë=ÑìÉä=ïçìäÇ=~ääçï=Ñçê=~=ÑìêíÜÉê=êÉÇìÅíáçå=çÑ=`lO=Éèìáî~äÉåí
Éãáëëáçåë=çÑ=OOJOVB=Åçãé~êÉÇ=íç=Ö~ëçäáåÉ=áåíÉêå~ä=ÅçãÄìëíáçå=ÉåÖáåÉ=Å~êë=çê=çÑ=PJNOB
Åçãé~êÉÇ=íç=ÇáÉëÉä=ÅçãÄìëíáçå=ÉåÖáåÉëI=Ä~ëÉÇ=çå=~=éÉê=âáäçãÉíÉê=Éî~äì~íáçåK

aê~ëíáÅ= êÉÇìÅíáçåë=çÑ=ÖêÉÉåÜçìëÉ=Ö~ë=Éãáëëáçåë=~êÉ=éçëëáÄäÉ=Äó= áåíêçÇìÅáåÖ= ÑìÉäë=çå= íÜÉ
Ä~ëáë=çÑ=êÉåÉï~ÄäÉ=ëçìêÅÉë=çÑ=ÉåÉêÖóK= få=ÅçãÄáå~íáçå=ïáíÜ= ÑìÉä=ÅÉääëI= íÜÉ=Éãáëëáçåë=çîÉê
íÜÉ=ÉåíáêÉ=ÑìÉä=ÅÜ~áå=EłtÉääJíçJtÜÉÉä“F=Å~å=ÄÉ=êÉÇìÅÉÇ=Äó=çîÉê=VMBK=fåÅäìÇáåÖ=íÜÉ=ÉãáëJ
ëáçåë=çÑ=Å~ê=ã~åìÑ~ÅíìêÉI=êÉÇìÅíáçåë=çÑ=~êçìåÇ=TRB=Å~å=ÄÉ=~ÅÜáÉîÉÇK

MKT fåíêçÇìÅíáçå=ëÅÉå~êáçë
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L-B-Systemtechnik

L-B-Systemtechnik GmbH

L-B-Systemtechnik is strategy and technology consultant for sustainable energy and trans-
port concepts supporting industry, politics and non-governmental organizations since
1982. In addition to multinational energy and automotive companies LBST’s industrial
clients also include innovative small and medium size enterprises.

With the perspective of a sustainable energy supply, hydrogen and fuel cells have been a
major focus of LBST’s work from the beginning. Detailed systematic studies and scenarios
are being developed on infrastructures and costs of hydrogen and other alternative fuels,
on well-to-wheel emission balances, on the state-of-the-art, perspectives and costs of
technologies as well as on regulations, codes and standards. LBST coordinates large joint
projects and has established and maintains major Internet presentations.

LBST supports industry, politics and non-governmental organizations
• in the identification of new products and services,
• in the development of strategies for the introduction of new products and concepts,
• with system studies,
• in finding new partners – networking,
• in the project management and coordination of projects,
• with strategic consultancy services.

Main fields of activities in the energy sector are renewable energies, improvement of en-
ergy efficiency, mitigation of negative greenhouse effects, the introduction of solar/ renew-
able hydrogen and fuel cells as well as resources of fossil energies. Main fields of activity in
the transportation sector are improved railroad systems and interlinkage with road trans-
port, alternative propulsion concepts for road vehicles and environmentally acceptable
traffic concepts for metropolitan areas. In the overlap of these two areas, LBST works on
clean fuels.

An interdisciplinary team of about 15 specialists works on scenarios and technology as-
sessments, develops strategy papers and feasibility studies, initiates new projects, coordi-
nates joint projects and provides strategic consultancy.
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