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KoHuenuns passntmnsa BOAOPOOAHOU 9KOHOMUKN He OTrn4YaeTcsl HOBU3HOM.

,D,aBHFIFI MeYTa, CTaBLUadA peasibHOCTbHO

Water will be the coal of the future.

3 Jules Verne A\
v "The Mysterious Island”

Oktober 2014

Almost since its discovery, hydrogen has played an important
part in contemporary visions of the future, especially in
relation to the energy industry and locomotion.

As early as 1874, the French science fiction writer Jules Verne
(1828 - 1905) in his novel “L'lle mystérieuse” (The Mysteri-
ous Island) saw hydrogen and oxygen as the energy sources
of the future. In his vision, hydrogen would be obtained by the
breaking down of water (via electrolysis). Water, resp. hydro-
gen, would replace coal, which at the time was the dominant
energy source in the energy supply industry.

In the 1960s, the successful use of hydrogen as a rocket
propellant and of fuel cells to operate auxiliary power units
in space - especially in the context of the US Saturn/Apollo
space travel programme - provided further impetus to the
fantasies surrounding hydrogen. Also in the 1960s, first

passenger cars were fitted with fuel cells as basic prototypes

resp. technology demonstrators.

Uctounuk: Wuppertal Institute, (Shell 2016 r.)
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VISIONS OF A HYDROGEN ECONOMY

During the 1970s, under the impression of dwindling and
ever more expensive fossil fuels, the concept of a (solar)
hydrogen economy was developed, with H, as the central
energy carrier. Since the 1990s, hydrogen and fuel cells
have made huge technical progress in the mobility sector.
After the turn of the century, not least against the background
of renewed global raw material shortages and increasingly
urgent questions of sustainability, the prospects for a hydro-

gen economy were considered once again (Rifkin 2002).

More recently, the focus has increasingly been on hydrogen’s
role in a national and global energy transition. Within this
context, the value added of hydrogen (from renewable ener-
gies via electrolysis) in an increasingly electrified energy
world has also been subject to discussion. Nevertheless, an
important role is envisaged for hydrogen - especially as

a clean, storable and transportable energy store - in an
electricity-based energy future (Nitsch 2003; Ball/Wietschel
2009).
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BapuaHTbl 1 onbIT (Ha BbIOOP) Mcnonb3oBaHUsA Bogopoaa B epmaHnm




BapuaHTbl 1 onbIT (Ha BbIOOP) UCnofb3oBaHMsA Bogopoaa B ['epmaHum

NMpnmeHeHUe Ha TpaHcnopTe NMpMmeHeHUe B CTauUOHaAPHbLIX
yCTaHOBKax

NMpumMeHeHUe B NPOMbILLIIEHHOCTH

f*
W
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[MpMeHeHne Ha TpaHchnopTe




[lpmeHeHne Ha TpaHcnopTe
LLInpokuin cnekTp BapmMaHTOB C pa3HbiM CTaTyCcoM (YPOBHU rOTOBHOCTU
TEXHONOIMN)
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ObnacTn NpMMEHeHnsa Ha TpaHcnopTe

TonnueHbIE aNeMeHThI Ans aBTobycoB 1 noe3gos
WSW.A
NocnegHue pa3paboTku:
PernoHanbHasa TpaHcnopTtHasa komnaHus B KenbHe (RK) ?’(
3akasana 30 aBTobycoB, paboTalowmx Ha TONNIUBHbIX
anemeHTax, a komnaHust Wuppertaler Stadtwerke (WSW) Reglonatrerheb Kln bl

3akasana 10 aBTobycoB, paboTalowmx Ha TONNIUBHbIX
aNneMeHTax.

CaMbIn KpYMHbIA KOHTPAaKT B 3ToW obnacTtu 3akntodeH B EBpone.
Hauano akcnnyarauun — BecHa 2019 .

ABTO6YCHI NpounseoasaTcsa B benbrun (KOHUHILYWUKT).

KomnaHusa WSW BHegpuna cob6CTBEHHYO CTPYKTYpPY MOCTaBOK
BOAOpOAA (3MEKTPONM3aTop Ha MyCcOpoCXKUratoLemM 3aBoae).
[MepBbI ONbIT 3KCANyaTauum noesnos, paboTarowmx Ha
TOMNUBHbIX 3NIEMEHTAXx, B CEBEPHOM YacTn [epmaHmn

(B3aMeH On3ernbHbIX ABuratenen).

Erster Wasserstoffzug in
Schleswig-Holstein

Premiere im Norden: Zwischen
Neumiinster und Kiel ist am Montag
erstmals ein mit Wasserstoff angetriebener Zug unterwegs
gewesen. Mit an Bord war Verkehrsminister Buchholz.
(01.10.2018) mehr

Brennstoffzellenzug: Premiere
= mit hohen Erwartungen

Wassertropfen statt Ruf3: Der weltweit
erste mit Wasserstoff angetriebene
Zug ist in Bremervorde zur Premierenfahrt gestartet. Heute
folgt der Linienverkehr fiir "Coradia iLint". (17.09.2018)
mehr
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[MlpnmeHeHne Ha TpaHcnopTe B [[epMmaHmnm

TpaHcnopTHblE cpeacTBa, paboTatloLme Ha TOMNMBHbIX 3NIEMEHTaXx, BCe eLle

TOJIbKO BbIXOOAT HA PbIHOK

B nponssogcTee aBToMmobunen, paboratowmx Ha
TOMMNUBHbIX 3NIEMEHTaX, AOMUHUPYIOT a3naTckue
KOMMNaHuM (nepeyeHb TPaHCNOPTHbLIX CPEACTB,

paboTatolmx Ha TONNIMBHbIX 3fIEMEHTaxX, CEPUNHOIO
NpPOnN3BOACTBA)

Modell

Honda FCX
Clarityl"]

Hyundai ix35
FCEVI2IE]

Toyota
Mirail4ll8]

Honda Clarity
Fuel Celll’]

Renault
Kangoo Z.E.
H2l®l

Hyundai
Nexol9I10]

Mercedes-
Benz GLC F-
Celll]

StreetScooter
H2 Panel
Vanl12]
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Markteinfithrung

2008
(1. Generation)

2013

2014

2016
(2. Generation)

2017

2018

Dezember 2018

ab 2020

Reichweite
(km).

650

594

500

650

290

756

437 plus
49 (Batterie)

500

Vmax
(km/h)

165

160

175

165

130

179

160

120

kW
(PS)

44
(60)

100
(136)

114
(155)

130
(176)

44
(60)

120
(163)

147
(200)

122
(166)

Beschleun.

0 auf 100
km/h (s)

12,5

9,6

9,5

Maximales
Drehmoment

300

335

300

395

350

‘ .C'.
. @r ‘. @

Verbrauch
(Ha) i jahrliche
kombiniert Ta'i‘:lll:galt pandiche
in kg/100 (Stand)
km
0,87 1,78/2,09
0,95 5,64
ca. 3.300
0,76 5 pocs
0,77 5
0,87 1,78/2,09
0,84 6,33
?{g7kwh 4,4 plus 9,3
elektrisch) kWh (Batterie)

page 9 Wuppertal Institute



[lpmeHeHne Ha TpaHcrnopTe B [epmaHun
TpaHcnopTHbIE cpeacTBa, pabdboTatolmne Ha TOMMMBHBIX 3fIeEMEHTax, Bce elle

TOJ1bKO BbIXOOAT HA PbIHOK

* B l'epmaHum ¢ Npon3BoaCTBEHHOW JIMHUM BbIMYCKatOTCS
B OCHOBHOM aBToMO6uUnn mapkn Mercedes (n BMW).

* [lpaButenbctBo 'epmMaHumn donHaHCUPYET BbIXO4 Ha
pbIHOK Ha cymmy 21000 eBpo Ha aBTOMOOWUSIb.

» [lapk aBTomMobunen, paboTaroWmx Ha TOMMUBHbIX
aremMeHTax, TeEM He MeHee, OCTaeTCsl HE3HAYUTESTbHbIM r
(8 Ha4ane 2019 roga ObIno 3aperncTpmMpoBaHoO U
BBEAEHO B AKcNnyaTaumio Tonbko 392 asBTomobuns,
paboTaloWmx Ha TOMMNUBHbLIX SNEMEHTaXx, NO CPaBHEHUIO .
C 06LMM napKkom aBTOMOOUMEN, HAaCUMUTbIBAOLUM : o
6onee 40 MnH. eanHnL).

Oktober 2014

Mercedes GLC F-Cell

Der GLC kombiniert zwei
Energiespeicher: eine 90 PS starke
Brennstoffzelle sowie einen Akku, der :
100 kW beisteuert und das Auto & zum Al
Plug-in Hybriden macht. i
Batterieelektrisch sind nach NEFZ-
Norm 50 Kilometer drin, 4,4 Kilogramm
Wasserstoff bringen knapp 440
weitere Kilometer Reichweite. Beide
schicken ihre Energie zu einem 211 PS
starken Elektromotor, der die
Hinterachse antreibt.

Mercedes GLC F-Cell.

150.000

130.258

&
S 75.000

50.000

36.062

4.663

Hybrid Elektro Erdgas Flissiggas
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I'IpmmeHeHme B CTAUMOHaApPHbIX YCTAaHOBKaXx
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System efficency
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[IpMeHeHne B cTauMoOHapHbIX YCTaHOBKax B [[epmaHum

TonnuBHbIE 3NEMEHTbI HE HACTOJSTbKO LUMPOKO NPUMEHSETCS B
NPOMBbILLUIIEHHOCTU — NUMOTHbIE U AEMOHCTPALMOHHbIE YCTAHOBKU, a TakXe
nepBble NPearoXeHnsa Ha pbiHKe.

PROJECT DETAILS

Operation of 100 micro-
cogeneration plants

pROJECT TARGET I

Installation of various types of equipment in the

field of micro-cogeneration (Stirling engine, Otto
o o o engine, fuel cell) as a comprehensive field test in
:.:-: :. Innovationcity Bottrop. Scientific support to optimise and
-. ° . '.. .o support the introduction of energy-effficient gas-
..'.;;; . R u h r plus-application technologies. A secondary aim is
® oo the development and assessment of technology
Modellstadt Bottrop concepts which are adapted to the future
application situation for the new building area but
in particular also for the existing building stock
and are highly efficient as regards primary

energy.

Produktdetails zur Brennstoffzellenheizung

Details zur Vitovalor PT2 von Viessmann:

« Parallele Erzeugung von Strom und Warme zur Minimierung der
Stromkosten und zunehmende Unabhangigkeit vom Strompreis o

« Integrierter Strom- und Gaszéhler

« Brennstoffzelle: 750 Wel, 1kWth; Gesamtwirkungsgrad 90 %
(Hi); Elektrischer Wirkungsgrad 37 %

« Gas-Brennwertmodul: bis 18,9 kW oder 25,2 kW;
(Trinkwasser bis 30 kW); Nutzungsgrad 98 % (Hs)

« Innovative Zukunftstechnologie

+ Platzsparende Bauweise - bendtigt nur 0,65 m? Aufstellflache

« Leiser, komfortabler und intelligenter Betrieb

« Fernbedienung und Abruf von aktuellen Daten per App maglich

-> Weitere Details zur Vitovalor PT2
(/de/pk/heizung/brennstoffzellen-heizung/vitovalor.html)

Oktober 2014

* [lunoTHasa n geMoHCTpaunoHHas
nporpamma npegycmatpusaet 100
HebonbLwmx TOL, (BKM. TONMMBHbIE
3NeMeHTbl) B ropoge MHHOBaUUM

Pyp.

[MepBble NPpeanoXeHust Ha PbIHKE OT
NpodeCccmoHanbHbIX KOMNaHUI
(COTPYAHMYECTBO MeXAay
SHEepPreTUYeCcKMMmn KOMNaHUsIMmn 1
Npon3BoanTENEM OTOMNUTENBbHbLIX
CUCTEM)

PbIHOK ANHaMUYECKN pa3BMBaETCH
(6bnarogapst dnHaHCOBOW NOALEPXKKN
npasutenbcTea 6onee 5000
TOMSNBHbLIX 31IEMEHTOB ObINO 3aka3aHo
c 2016 roga, no cpaBHEHUIO C bornee
yem 200000 anemeHTOB B AnNoHuNn)
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rlpI/IMeHeHI/Ie B MPOMbILIJTIEHHOCTH
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[MpumeHeHWe B NpOMbILLNEHHOCTN B [epMaHmnn

Mpumep: CTtanenutenHoe nNpon3BoLCTBO CEroAHs U 3aBTpa (4OMEHHasa neyvb -> NPoU3BOACTBO
BOAOPOAHON cTann (TEXHONOrMsi NPSIMOro BOCCTAHOBNEHNSA)

BLAST FURNACE ROUTE ‘ HYBRIT ROUTE
Hybrit

£ ronore N

CONCENTRATE

Fossil fuels 9 é Non-fossil fuels
PELLETISING
o0 o0
08 Pellers "PELLETS %%
N 4
Coke
€o, IRONMAKING

Hot Blast
Coal, Oxygen

Hytrogen IHydrogen Storugel

lHOT STEELMAKING SPONGEl \/
METAL IRON
Oxygen 9 é Scrap

°°=\<.Q—> . <—

CRUDE STEEL "GOlED U GIms.




[lpMeHeHMe B NPOMbILLIIEHHOCTHU B [ epMaHnm

[Tpumep: CtanenntenHoe npouMs3BOACTBO CerogHs 1 3aBTpa (4OMeHHas nevb
-> MNPON3BOACTBO BOAOPOAHOW CTanu (TEXHOMNOMMS nNPAMoro
BOCCTaHOBIEHUS)

BLAST FURNACE ROUTE HYBRIT ROUTE

« beToHHbIe 3aBOAbI NITAHMPYIOT MNO3TaAMNHOE
BHECEHNE N3MEHEHMUIN B TEXHOSOTUIO
NPOM3BOACTBA CTanun Ha KPYMnHbIX
cTanenuTenHblX 3aBogax B [epmaHmn
(Hanpumep, Thyssen Krupp Steel, Salzgitter AG)

r SALZGITTERAG

‘ ’ Stahl und Technologie
Heute 2020 + 2030 + 2040 +

<—— MACOR* Pilotphase Vervollstaindigung —>
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Status Quo Ausbaustufe 1a und b Ausbaustufe 2 Ausbaustufe 3a Ausbaustufe 3b

*MACOR: Machbarkeitsstudie zu
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[lpMeHeHMe B NPOMbILLSIEHHOCTHU B [[epMaHnm
[Tpumep: CmewmBaHme TonmMea ¢ BOAOPOAOM A1 BbIMNOSTHEHUS
TpeboBaHun ctaHgaptoB EC B yactn CO, Ha HI13

5 {

e BP and Uniper, together with the Fraunhofer Institute for Systems and Innovation

(3 MCJI1a Hﬂ') Research ISI, submit project outline for the “Real-world laboratories energy transition”
competition

e The planned project envisages the integration of renewable energy in the form of
hydrogen into the transport sector

e Power-to-gas technology (PtG) in refinery processes (PtGtR) makes a positive contribution
to the energy transition

Oktober 2014 page 16 Wuppertal Institute



icnonb3oBaHue BOAOOpPOAa C TOYKN 3pEHNA CUCTEM




Bogopoa, kak BapmaHT B3aMMOLENCTBUSA OTpaclien U BO3MOXHOIo pearmpoBaHus Ha
nepepbiBbl B Nogade BO30OHOBMAEMbIX UICTOMHUKOB 3HEPTUN (ANEKTPO3HEPTNS)

Booopoa MOXHO XpaHuTb, NepeBO3nNTb N MHOTOKPaTHO UCMONb30BaTh

200~ gpy Negative January
= Onshore resicual load

150 . MW Off-shore
m Other RE
O Vertical Grid Load

GW

Positive
residual load
N1 T N

100

Power,

50 Demand

0-lan 2-Jan 4-Jan 6-Jan 8-Jan 10-Jan 12-Jan 14-Jan

Power to Fuel Power to Chem

Power to Gas (H,)

2%

Electrolysis

.-1.[41 I’

Tk
Industry

ZEE Household
/ Gas rid

Power to Gas (CH,)

— -
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Bogopoa, Kak BapmMaHT B3aMMOOENCTBUSA OTpaclien U BO3MOXHOIo pearmpoBaHus Ha
nepepbiBbl B Nogade BO30OHOBMAEMbIX UICTOMHUKOB 3HEPTUN (ANTIEKTPO3HEPTNS)

Boaopoa MOXXHO XpaHuTb, NepeBo3nNTb N MHOTOKPATHO UCMONb30BaTh

PacTywme kone6aHmsa Ha KpMBOMN Harpy3oK NPoTUB BpeMeHU (BO3MOXHOEe COCTOSIHUE B
2050 r. B lepmaHunm)

_ 28 | | w I TR iy Supp]ementqry
= 5 | | | feedl-ln f(_)r grid
S, stabilzation
8 -20 AT i Renewable
3 -40 u | | 0 Excess energy
© -60 . I | A | il e.g. for
.'3 -80 7 I Sector coupling
ﬂ:-'l 20 ‘r “
-140 —— T —— —— —— —T— —
0 1000 2000 3000 4000 5000 6000 7000 8000
Time [h]

Back-up power production with gas turbines needed

+ First fed with natural gas

- Later fed by hydrogen
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Bogopoa, kak BapmaHT B3aMMOOENCTBUS OTpaciien U BO3MOXHOIoO pearmpoBaHus Ha
nepepbiBbl B Nogade BO30OHOBMAEMbIX UICTOMHUKOB 3HEPTUN (ANEKTPO3HEPTNS)

CBA3b 3HEPreTUKN C TPAHCNOPTOM
Negative residual energy

Residual energy
[MWh/km?]

B -3000000 - -2500
B -2500 - -1700
B -1700 - -1200

2 [ -1200--830 |,
o I -830--460 |
I 460 --120 |@
I -120- 175 o
B 175 - 545 §
B 545-1535 &

B 1535 - 50600

Positive residual energy
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cnonb3oBaHMe Bogopoaa C TOYKN 3peHnda cuctem B [epmanum (pokyc Ha PtX)
Bogopoa kak ocHoBa NOCTAaBOK CUHTETUYECKOro rasa / Tonnmea unm 3ameHbl
NPUPOAHOro rasa B razopacnpenenntenbHOn cMcTteMe NocpeacTBOM TEXHOMOMMM
«IHEPrna-X»

Methanation

Methane
POWERTO-GAS “ PICH,

Power generation Power Electrolysis ::

Storage caverns

Petrol, Diesel,
POWERTO-LIQUIDS “ ¢ Jet fuel

Synthesis
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cnonb3oBaHMe Bogopoaa C TOYKN 3peHnda cuctem B 'epmanum (pokyc Ha PtX)
Bogopoa kak ocHoBa NOCTAaBOK CUHTETUYECKOro rasa / Tonnmea unm 3ameHbl
NPUPOAHOro rasa B razopacnpenenntenbHOn cMcTteMe NocpeacTBOM TEXHOMOMUM

«QHEPrna-X»

Altmaier verkiindet
Gewinner im
Ideenwettbewerb
,Reallabore der
Energiewende’: ,Wir
wollen bei
Wasserstofftechnologien
die Nummer 1 in der Welt
werden“

In bundesweit 20 Reallaboren erproben
Unternehmen kiinftig v.a. neue
Wasserstofftechnologien im
industriellen MaRRstab und in realer
Umgebung.

Reallabore der
Energiewende

RHEINLAND-PFALZ

NORDRHEIN-WESTFALEN

% 3 ‘
@ BREMEN  HAMBURG

NIEDERSACHSEN

BADEN-WURTTEMBERG

THURINGEN o

BAYERN

MECKLENBURG-
VORPOMMERN

SACHSEN-ANHALT

BERLIN

BRANDENBURG




Bogopoa kak BapuaHT B3aMMOLENUCTBUS OTpacnen

Ecnu yuntbiBaTh NOTEPU KNA, paboTalowmnm Ha BOAOPOAE TPAHCNOPT MEHee
9P EKTUBHDBIN, YEM ANEKTPOMOBUNU, HO HAMHOIO Nyylle, YeM UCMNOoSb30BaHNE
CUHTETMYecKoro (Ha ocHoBe BU3) Tonnunea

Amount of renewable energy required for various powertrain

and fuel combinations (per 100 km) Figure 6.1
15 kWh 103 kWh
\\ ' ,/
N L)C)
T O
o
T O
Battery electric vehicle Fuel-cell vehicle Combustion engine vehicle Combustion engine vehicle
+ direct charging + hydrogen + power-to-gas + power-to-liquid
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CTpyKTYpbl MOCTaBOK BOAOPOAA — KaK NONy4YnTb JOCTAaTOYHOE KONUYECTBO
KOHKYypeHTocnocobHoro Bogopoaa




CTpyKTypbl NOCTAaBOK Bogopoaa
CTpyKTypa noctaBoOK BOAOPOAA, BEpPOSTHee BCcero, NnoTpedyetr HOBOro obpasa
MbILLSIEHUS (HanpumMep, KpynHble Ha3eMHbIE BETPOINEKTPOCTaHLNMN,

npeAHasHayYeHHble Ans Npon3BoAcTBa BOAOPOAA)
BeTpsiHON aHepreTnyecknn ysen,

B CeBepHOM Mope

lMapmHep o npoekmy:

TenneT TSO B.V. (HudepnaHObi)
Energinet.dk (daHusi)

TenneT TSO GmbH (lepmaHusi)
Gasunie (HudeprnaHdkbl)

lMopm Pommepdam (HudepnaHdbi)

= KckyccTBeHHbIM ocTpoB B CeBepHOM Mope (6 KB. KM)
= [lepekpecTok AN Ha3eMHbIX BETPOBbLIX NAapPKOB (yCcTaHoBNeHHas MolHocTb 30 'BT) n

coeaunHnTElNbHbIE pr60I'IpOBOLI,bI and eBpOﬂeVICKOFO PbIHKa anekrtpmnyectea
" OTI'IpaBHaFI TO4YKa OJ14 NOCTAaBOK 3r1iEKTpMUYeCTBa UM BOAOpOOa B coceaHUne CTpaHbl

Sonne Wind & Warme 5/2017, S.20 ,Oase in der Nordsee*
https://northseawindpowerhub.eu/wp-content/uploads/2017/11/Concept-Paper-3-Hub-as-an-Island.pdf
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https://northseawindpowerhub.eu/wp-content/uploads/2017/11/Concept-Paper-3-Hub-as-an-Island.pdf

CTpyKTypbl NOCTAaBOK Bogopoaa

CTpyKTypa NocTaBoOK BOAOpoOaa, BEpOsiTHEE BCEro, OyaeT 0CHOBbIBATbLCH HAa MUPOBbIX
TOBapPHbIX NOTOKaX N HU3KUX pacxodax Ha BblpaboTKy aMNeKkTPOsSHeprum B cTpaHax,
rge MHOro cosiHua 1 BeTpa

@

‘6.8

Export countries

Import countries

» H, flow in Mt/a from Patagonia
Germany Japan EU USA Canada China South Korea

Demand in Mt/a (75% Scenario) 3.14 205 17.58 30.61 2.55 12.22 1.15

Import LCOH in €/kg (*) 4.66 4.81 4.67 4.34 4.66 4.71 4.77

Oktober 2014 MctouHumk: Robinius 2018 r. page 26 Wuppertal Institute



CTpyKTypbl NOCTAaBOK Bogopoaa
[MopTbl ByayT UrpaTb BaXKHYO POSb — CYLLECTBYHOLLNE HEPTAHbLIE TEPMUHATDI

(Hanpumep, NopThl) Mornu Obl cTaTb B ByayLieM y3nom A5 N0OCTaBOK YNCTOro TOMSIMBa,
BKIMKOYEHHbIX B HALLY HU3KOYrNepoaHy cTpaTeruto

The Paris Agreement makes It very
dear thot we need fotake signficont
seps fowards decarbonisafion of ur
o PATHWAYS TO A
Instiute for Climate, Environment and
Energy has formulated tree possible
S DECARBONISED PORT
s one business s usual pathway for
the Port of Roerdam
The pathways cover J TECHNOLOGICAL PROGRESS

b d i i A 100% Bath ropid implementofion of

m:hmu e hiure Carbon from fosslfeedslock s keptin scole CCS help virhaly elminate CO; lorge scole CCS forpower plarts
will most kel be shaped by a com- ecyeling. Bt lead o e over. arYoriarrary S ==
binafin of them. ki "

98% 98% 75%

NcTtounmk: Visum,
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CTpyKTypbl NOCTAaBOK Bogopoaa

..M KaK nogaepxmeatb — MPOCTO NyTeM nNpeobpasoBaHUs CyLLECTBYHOLLEN CETH
NPUPOLHOro rasa u paclumMpeHuns yxxe paboTtarLlen cMctemMbl TPyOONpoBoaOB ASS
nogayv sogopoaa

CeBepHbIn PenH-BecTtanus
CywecTsyolwune Tpybonposoabl 415 nogadn Bogopoaa

%,

Ln

OBERHAUSEN
RHEINBERG

BOCHUM

KREFEL

DUSSELDORF

DORMAG LEVERKUSEN

edmund KOLN :::I'::n
~c Rodleben
..... BocTtoyHas
Dessau O
rePMaHI/IFI
Bitterfeld
Halle O
"' 'i"‘ Kéin . Schkopau O e
Rt i Leipzig
- GERMANY Merseburg O et
b k] Bohlen
; o Zeitz
" FRANCE " g )
Oktober 2014 SKIE:Air Liquide, Linde AG page 28 Wuppertal Institute



CTpyKTypbl NOCTAaBOK Bogopoaa
..M KaK nogaepxmeatb — MPOCTO NyTeEM nNpeobpasoBaHUs CyLLECTBYHOLLEN CETH

NPMPOOHOro rasa u paclunMpeHns yxxe paboTtatolen cucteMbl TpybonpoBoaoB Ans

nogayu Bogopoaa
[MpoekT GetH2 — KoHcopLUMyM (CryXObl
G@ SMNEKTPOCHABXEHMS U ra30CHabXeHWs,

nccnenoBaTenbCkue MHCTUTYTLI) 3aaan
OTMPAaBHYIO TOYKY AN CTPOMTENbLCTBA
BOLOPOLAHON MHpACTPYKTYypbl B [epmaHnm

Mit Wasserstoff nocpencTBOM NpeobpasoBaHns CyLLECTBYIOLLEN

bringen wir gemeinsam CeTU NPMPOAHOro rasa

die Energiewende voran

GETHZ2 - Initiative fiir den Aufbau
einer bundesweiten H2-Infrastruktur

e o @
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KoHuenuns passntma BoAoOpOOAHON SKOHOMUKN He OTNnyaeTcst HOBU3HOM
[1aBHAA MeudTa, cTaBLad peanbHOCTbIO, pacTyLlasa nonmruyeckasd
nogaepkka n BHUMaHue obLecTBEHHOCTU

Water will be the coal of the future.

Jules Verne \
) “The Mysterious Island”

-~ e
Q’, 2 v 1874
Y

VISIONS OF A HYDROGEN ECONOMY

Almost since its discovery, hydrogen has played an important
part in contemporary visions of the future, especially in
relation to the energy industry and locomotion

As early as 1874, the French science fiction writer Jules Vemne
(1828 - 1905) in his novel “L'le mystérieuse” (The Mysteri-
ous Island) saw hydrogen and oxygen as the energy sources
of the future. In his vision, hydrogen would be obtained by the
breaking down of water (via electrolysis). Water, resp. hydro-
gen, would replace coal, which at the time was the dominant
energy source in the energy supply industry.

In the 1960s, the successful use of hydrogen as a rocket
propellant and of fuel cells to operate auxiliary power units
in space - especially in the context of the US Saturn/Apollo
space fravel programme - provided further impetus to the

fantasies surrounding hydrogen. Also in the 1960s, first

passenger cars were fitted with fuel cells as basic prototypes
resp. technology demonstrators.

Oktober 2014

During the 1970s, under the impression of dwindling and
ever more expensive fossil fuels, the concept of a (solar)
hydrogen economy was developed, with H, as the central
energy carier. Since the 1990s, hydrogen and fuel cells
have made huge technical progress in the mobility sector
After the turn of the century, not least against the background
of renewed global raw material shortages and increasingly
urgent questions of sustainability, the prospects for a hydro-
gen economy were considered once again (Rifkin 2002)

More recently, the focus has increasingly been on hydrogen's
role in a national and global energy transition. Within this
context, the value added of hydrogen (from renewable ener-
gies via electrolysis) in an increasingly electrified energy
world has also been subject to discussion. Nevertheless, an
important role is envisaged for hydrogen - especially as

a clean, storable and transportable energy store - in an
electricity-based energy future (Nitsch 2003; Ball/Wietschel
2009).

UctouHuk: BMWi, Die Zeit 2019 r.

* Federal Mirat
for Economic Allain
and Energy

Deutschland

Altmaier kiindigt Wasserstoffstrategie des
Bundes an

28.Juni 2019, 11:33 Uhr / Quelle: AFP

Diisseldorf (AFP) Bundeswirtschaftsminister Peter Altmaier (CDU) hat noch fiir dieses Jahr
eine Wasserstoffstrategie des Bundes angekiindigt. Zuvor werde die Bundesregierung in
sogenannten Reallaboren der Energiewende Innovationen im industriellen Maf3stab
umsetzen, kiindigte Altmaier in der "Wirtschaftswoche" an. "Noch im Sommer werden wir
die ausgewihlten Projektideen bekanntgeben.” Die technische Realisierung konne dann ab
2020 starten.
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o Water will be the coal of the future.

Jules Verne (
The Mysterious sland”
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Deutschland

Altmaier klindigt Wasserstoffstrategie des
Bundes an

28. Juni 2019, 11:33 Uhr / Quelle: AFP . .
Berliner »- Morgenpost

ENERGIE

Diisseldorf (AFP) Bundeswirtschaftsmini  Brandenburg will Vorreiter fiir Wasserstoffwirtschaft
eine Wasserstoffstrategie des Bundes any  werden
Sogenannten Reallaboren der Energiewe Die Wasserstofftechnologie wird fir Brandenburg als riesige Chance Von dpa

. . . . " . gesehen. Das Interesse ist groB. Doch es missen dafiir einige Weichen ~ 07:08.2019, 16557
umsetzen, kiindigte Altmaier in der "Wir  gesieiit werden.
die ausgewihlten Projektideen bekanntg

2020 starten.

Almost since its discovery, hydrogen has played an important
part in contemporary visions of the future, especially in
relation to the energy industry and locomotion

As early as 1874, the French science fiction writer Jules Vemne
(1828 - 1905) in his novel “L'le mystérieuse” (The Mysteri-

ous Island) saw hydrogen and oxygen as the energy sources
of the future. In his vision, hydrogen would be obtained by the
breaking down of water [via electrolysis). Water, resp. hydro-
gen, would replace coal, which at the time was the dominant

energy source in the energy supply industry.

In the 1960s, the successful use of hydrogen as a rocket
propellant and of fuel cells to operate auxiliary power units
in space - especially in the context of the US Saturn/Apollo
space fravel programme - provided further impetus to the
fantasies surrounding hydrogen. Also in the 1960s, first
passenger cars were fitted with fuel cells as basic prototypes
resp. technology demonstrators.

VISIONS OF A HYDROGEN ECONOMY

During the 1970s, under the impression of dwindling and
ever more expensive fossil fuels, the concept of a (solar)
hydrogen economy was developed, with H as the central
energy carier. Since the 1990s, hydrogen and fuel cells
have made huge technical progress in the mobiliy sector.
After the turn of the century, not least against the background
of renewed global raw material shortages and increasingly
urgent questions of sustainability, the prospects for a hydro-
gen economy were considered once again (Rifkin 2002)

More recently, the focus has increasingly been on hydrogen's
role in a national and global energy transition. Within this
context, the value added of hydrogen (from renewable ener-
gies via electrolysis) in an increasingly electrified energy
world has also been subject to discussion. Nevertheless, an
important role is envisaged for hydrogen - especially as

a clean, storable and transportable energy store - in an
electricity-based energy future (Nitsch 2003; Ball/Wietschel
2009).

J6rg Steinbach (SPD), Energieminister von Brandenburg. Foto: dpa

Potsdam. Brandenburg méchte bundesweit Vorreiterregion fur die Wasserstoffwirtschaft werden. '‘Das
Potenzial ist gewaltig®, sagte Landesenergieminister Jorg Steinbach (SPD) am Mittwoch in Potsdam.
Vorgestellt wurde eine Studie des Wasserstoff- und Brennstoffzellenverbandes im Auftrag des Ministeriums.
Allein durch die Ansiedlung von Herstellern, die etwa zehn Prozent des deutschen Marktes bedienten, konnten
in Brandenburg 3500 bis 7000 Arbeitsplatze entstehen, wird in der Studie errechnet. Kosten fur notwendige
Investitionen werden allerdings nicht beziffert.
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Deutschland

Altmaier kundig

Berliner »4- Morgenpost

Water will be the coal of the future.

ENERGIE

Bundes an

Brandenburg will Vorreiter fiir Wasserstoffwirtschaft
werden

28. Juni 2019,11:33 Uhr / Quelle: AFP

Die Wasserstofftechnologie wird fiir Brandenburg als riesige Chance
gesehen. Das Interesse ist groB. Doch es missen dafir einige Weichen
gestellt werden

Von dpa

Diisseldorf (AFP) Bundeswirts
eine Wasserstoffstrategie des
sogenannten Reallaboren der
umsetzen, kiindigte Altmaier i

die ausgewihlten Projektideen-
2020 starten.

-

Jorg Steinbach (SPD), Energieminister von Brandenburg.

Potsdam. Brandenburg méchte bundesweit Vorreiterregion fur die Wasserstoffwirtschaft we
Potenzial ist gewaltig", sagte Landesenergieminister Jorg Steinbach (SPD) am Mittwoch in |
Vorgestellt wurde eine Studie des Wasserstoff- und Brennstoffzellenverbandes im Auftrag d
Allein durch die Ansiedlung von Herstellern, die etwa zehn Prozent des deutschen Marktes
in Brandenburg 3500 bis 7000 Arbeitsplatze entstehen, wird in der Studie errechnet. Koster
Investitionen werden allerdings nicht beziffert

Jules Verne \
The Mysterious Island”

1874

VISIONS OF A HYDROGEN ECONOMY

HAMBURG ENERGIEWENDE

Woasserstoff-Offensive der norddeutschen Bundeslénder

Versffentlicht am 02.05.2019 | Lesedauer: 4 Minuten | the 1970s, under the impression of dwindling and

ore expensive fossil fuels, the concept of  (solar)
_>gen economy was developed, with H, as the central
|y carier. Since the 1990s, hydrogen and fuel cells
* made huge technical progress in the mobility sector.
[8lihe tum of he century, not least against the background
rewed global raw material shortages and increasingly
1t questions of sustainability, the prospects for a hydro-
sconomy were considered once again (Rifkin 2002).

1 recently, the focus has increasingly been on hydrogen’s
n a nafional and global energy transition. Within this
xt, the value added of hydrogen (from renewable ener-
Jia electrolysis) in an increasingly electrified energy
{has also been subject to discussion. Nevertheless, an
rtant role is envisaged for hydrogen - especially as

an, storable and transportable energy store - in an
icity-based energy future (Nitsch 2003; Ball/Wietschel
).

Ministerprésident Daniel GUnther (CDU, v.l.), Birgermeister Carsten Sieling, Ministerpréasidentin Manuela
Schwesig, Burgermeister Peter Tschentscher (alle drei SPD) ,UV-Nord-Préside...

Quelle: dpa

Die Ministerprdsidenten des Nordens wollen die Energiewende vorantreiben und dabei
die Wirtschaft ankurbeln. Der Fokus liegt dabei auf einem Element, von dem sich die
Politik wahre Wunder verspricht.

-

Klima auswirken kann. Die Regierungschefs der fiinf norddeutschen Liander trafen sich am

s ging um die Energiewende, die Wissenschaft und die Industrie im Norden — und

um die Frage, wie sich der zunehmende Einsatz von Wasserstoff positiv auf das

Donnerstag zum Gipfeltreffen im Hamburger Rathaus, um unter anderem eine

norddeutsche Wasserstoffstrategie zu beschlielen.

...TeM He meHee, AnoHus n Kopesi, 6e3 CoMHeHus1, ocTatoTca nnaepamu B

dhopMmnpoBaHUN BOOOPOAHON 3KOHOMMUKM
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«Camoe BpeMs 1UCnosb30BaThb
BO3MOXXHOCTU BOoaopoaa, Y4Toobl

cTaTb KMIOYEBLIMY UIPOKAMU B CEKTOPE Lhz Future of &
4yncToun, 6besonacHom 1 JOCTYMHOW Y rogen N
aHeprum B 6yayiem». MOA 2019 r. Seizing ooy bigppaunities

Executive summary and

MOA onpeneneHo YeTbipe KpaTKOCPOUYHbIX BO3MOXHOCTM, e SETRERE S tERS

yCKOp;"'OLU,MX YUCTOE N LIJI/IpOKOMaCLIJTa6HOe ncnoJsib3oBaHMe Report prepared by the IEA

BOLI,OpO,EI,a . for the G20, Japan
1. Cﬂ,eﬂaTb NPOMbILLITEHHbIE NMOPTbl MO3roBbIMU LIEHTPAMW A4

paclunpeHns BO3MOXXHOCTEN UCNOSb30BaHUA YNCTOrO

BOOOPOAA. .
2. Pacwuvputb cywecTBYyOLLYIO NHPPACTPYKTYPY, HANpUmMep, -
MUMIMOHbI KUTOMETPOB TPyOONpoBOAOB NPUPOAHOrO rasa. -
3. Pacwuvputb TpaHCNOPTHLIE MYTU OS5 NOCTaBKM BOAOPOAa, a
MMEHHO NapKu NEerkoBbIX U rPy30BbIX aBTOMOOMNEN, 2
Kopunaopbl. '
4. 3anycTuTb NepBble MeXAyHapOoaAHble MapLpyThl 4SS NOCTaBKM
BOAopoaa.
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