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Aceves et al. (2006, 2010) at Lawrence Livermore National Laboratory have demon-
strated cryo-compressed storage technology in three generations of cryogenic capa-
ble pressure vessels. The first-generation (Gen-1) vessels had 135 L internal volume,
could store 9.6 kg LH2, and were designed to operate at 245 atm peak pressure. One
of the vessels was installed on a 1992 Ford Ranger pickup truck to power a hydrogen
internal combustion engine. The vehicle was refueled successfully with both LH2
and cH2. The second-generation (Gen-2) prototype vessel had larger internal volume
(151 L), could store 10.7 kg LH2, and was designed for higher operating pressure
(340 atm). It was installed in an experimental Toyota Prius hydrogen hybrid vehicle,
which was test-driven for 1050 km on a single tank filled with LH2. The third
generation (Gen-3) vessel is an improved design of the Gen-2 vessel; it has the same

internal volume and hydrogen capacity but the total system weight and volume were
reduced by 23%.
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strated cryo-compressed storage technology in three generations of cryogenic capa-
ble pressure vessels. The first-generation (Gen-1) vessels had 135 L internal volume,
could store 9.6 kg LH2, and were designed to operate at 245 atm peak pressure. One
of the vessels was installed on a 1992 Ford Ranger pickup truck to power a hydrogen
internal combustion engine. The vehicle was refueled successfully with both LH2
and cHa2. The second-generation (Gen-2) prototype vessel had larger internal volume
(151 L), could store 10.7 kg LH2, and was designed for higher operating pressure
(340 atm). It was installed in an experimental Toyota Prius hydrogen hybrid vehicle,
which was test-driven for 1050 km on a single tank filled with LH2. The third
generation (Gen-3) vessel is an improved design of the Gen-2 vessel; it has the same
internal volume and hydrogen capacity but the total system weight and volume were
reduced by 23%.

In this chapter, we prébénthapteicgratedshatrmodyregritsd ket tnadyfea aied,ibeatéransfer, and isomer
conversion kineticconvdeithekicartibe usedetd eyt haat b ehesdgrtaneicd wdteetheldygamics of refueling,
discharge, dormantigciradgztpdagencapagity dfstoyageocapaessedfvasselsoiprssed vessels. We also
briefly discuss a sebdéflyadisblessrogkoflaandablbensddl tdleab haatdbehesederalévaluate the overall
efficiency of produeffuie dicyuefp ngg defiveri gy efydnm, aed iverilig; o dtpuvepidg’t H2 to the vehicle’s
storage tank. We ustothgertadklWe assetisemqutrlotmassesoftibperjorcemeeesdstuk cryo-compressed
hydrogen storage bptoogesiativedgetbptiolevafdtiveatottdrenraledaritineate temgednd ultimate targets
for automotive apfbcatidos(@OE Tppdiets fon DA T tdeth dge ® S boagk ystergen Storage Systems
for Light-Duty Vehfiakekj 200 B)uby5/ehfd €3, 2 089%) Srawthe (i Scape)igraOrgétric capacity, 40 g/L

(70 g/L) volumetrid7a ppitityBibonkes tisableakelty,1566g(g oalbhe i, fLb Gdsvmatératibiefull flow rate of Ha,
1.5 kg/min (2 kg/nii5) kgf meifuéli kg /raiie PH5 rgfluglimgxiate: (9 2g)bgs madejmnadr6696loss rate, and 60%
well-to-tank (WTT mefficiertank (WTT) efficiency.
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5.2.2 Compre$s2d Hydnogessstdrhgdrogen storage

A major drawback Afroajop drssedackdrbgem pressgd fordvogabletaprdicddioperitable applications is
the small amount tfidydralgemihaniceh Ihedsteged thatoramize citd ned imeotarmkercial volume tanks,
presenting low volpraseriti ngpladity.ofvemeati b igip pricys Gves (et gl piess) tbe (@ver-70 MPa), the com-
pressed hydrogen gtorsgel presengs lostvalgeperse desnoity (wwerdtranddhkgyHlomesthan 40 kg H2 m-3)
(Sandrock, 1999). | (Sadditick, 196 8) ¢ngpddititemttbEthecgnprateed b iregemisiessed hydrogen is less
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than the energy content of the gasoline that occupies the same volume (Serdaroglu
et al., 2015). Another critical issue is directly related with the safety of storing
hydrogen in such large pressures. The possibility of large pressure drops inside the
gas cylinder when hydrogen release is necessary (e.g., during the charging of the
tank within a hydrogen fuel cell vehicle) is another factor that needs to be considered,

as well as the high cost for compression.



than the energy content of the gasoline that occupies the same volume (Serdaroglu
et al., 2015). Another critical issue is directly related with the safety of storing
hydrogen in such large pressures. The possibility of large pressure drops inside the
gas cylinder when hydrogen release is necessary (e.g., during the charging of the
tank within a hydrogen fuel cell vehicle) is another factor that needs to be considered,

as well as the high cost for compression.

> Read full chapteRead full chapter

Single arfRedby atwd dgel Fdragdddiehnologies
for Reneﬁnbkﬁ]B@waEH‘Emek Hdghgid Energy

Systems Systems

Zainul Abdin, KavefiaRajabAkldahi) fawveH R Fjaly gdradilpoom, intAdtpgeterage fowith&olystorage for Chem-
ical and Energy Hubsl, 20d Energy Hubs, 2019

6.1.2 Liquid 6.1.2 Liquid

Traditionally, liquidifaditiopatlgttiqgd isyahgd cathovigts ésatentmait sy lembtedah ssnall scales and has
been trialed in vehintenbuibhed treeehovkes barhby beempowestakbpdyp gemsharsagel hgdrogen storage. Its
potential role in enpoggrsistawis inretegpbyisteeds romet kstatdjdrgdgan ettuizgs, airyogenic storage at
the scale of many rtheofdadiaf imamwethestdidisiteid teateletsipbiistied spatmioldgytiny.the space industry.
Liquefied hydrogehibeefiedhydandetobetomeasgersoaatexp fot tfrgarechieeagert of pure hydrogen.
Kawasaki Heavy In{astayalja pteavis imdusty fgapand iwithotheg dostardwitloflsenadhstruction of small
liquefied hydrogerlicareferd, iyitialgeat ddrei2 00 -instaléy[abthe 200-t scale [75].

Liquid hydrogen suffarsdftomragancidiels foesasumanoidaie flosses froonhkat! flovowing to heat flow
into the reservoir fioto the esterimir Froth¢he exte hipd rbgeth éiqnetesthyd mogestitichesfaction constitutes
a parasitic load corspaningiaroadd3584 mif tigeabdivid 3&Yy afottte ht-bf Hretgyedietent of the liquefied
hydrogen. It is beshgditegeto teistbadizeliitqd ¢fachotraliaads|igiibftutionpéardswith their attendant
economies of scaledeermi res gfchallenemiaidingedte leoigksyistelodeclberte tabdystem volume and
weight, the high costighthéhta hkgbredthefdtib daphraodnersoth §76hra conversion [76].
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1.2.1 Compressed hydrogen
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requirements of these automotive systems based on the guidance from SAE J2579

hydrogen system standard (United Nations Global Technical Regulations, 2015).
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Development DEVeldprokgydbfddinglo logsford-Ggh PhetsogerGas Hydrogen

Containers Containers

In the developmentrofte glevetepsuentedhiniglogyréss uretechsdd gy foo gemeoataad-hydrogen contain-
er system, the follewisygteve, itbmfotibresea fove litem bedréseasthghtac bedpirviestigated and put to

practical use. practical use.

Selection of LinSeNdienabf Liner Material

Research was condretedrol Wwys icegeduetad il éiydoigbehavibritthdeeatsheleavior under a super
high-pressure hydighrpeasstoe rhydtegeh leydiogementbitd| ydoigesietabtitement resistant ma-

terials were selecteicrials were selected.

Selection of MeSdlertvtaterfdlddtallRasaterials for Parts

Embrittlement testsrobritetathienntestsatd usethfior peatsyialch sedvidvesaofs7 dudtPas valves of 70 MPa
class for compressethss/fbogemprressgd $ysieogewerte cagr ey sbetng vk reatemicdd out and materials
presenting no prolpeseittipgctocprabtewes pebatiedl use were selected.

Development of3malogriveatecbBealing Material

Sealing performanSealiageva tateth foe nubb evdlu aivegstoksra bbeu |6) o fea e result, no-leakage

sealing material waealevglapetdrial was developed.

Development ofyé&fintdassoHyd iyRenasstdlydrogen Container

The manufacturing techreol afgcfaring heBh ntd g ydrdgeM Bardaissehy dragepecinddiners was specified.
This technology wahisgementgy withithplmtertied wittetheimgerdson Af eedescilig costs. As a result,
tanks with resistantnic pritttiesdi preotde ros practi taleprdeletopbdve been developed.
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Development of Temperature Prediction Model for Gas and Container

During Filling



Development of Temperature Prediction Model for Gas and Container
During Filling

When rapidly filling/hisgh rppedbufelingl o g Aprestanednydvidgdny doogeimetisesitfd fydrogen, the hydro-
gen temperature ig¢heeorperatrrapidlye coreasesrangitiy ie sensesycend tberetis a concern about
the bad influence ithmigtd hfleentelie moghdihevérdegheycoherferéntagnitdeteerefore, in order to
improve the predidtivpraceutecpridgtionpactyrdafalergtheapaalty rdparonviheesisl property values is
introduced, and a mbdelukes condtauttedel was constructed.

Based on this, higlBasedsurd nesi stight-pydsogenresista op pdd2 ddR4astkowp io 82 MPa, shown in
Fig. 5.11, has beenFigve|dpet anblesncd enetblyeid prdciscal reathign pitawssthéig. 5.12 shows the
developed simulatidbevetamkel. simulation model.

Figure 5.11. Ultra-highrefeddurdbyed oghApgasstartBaseg em gasp= iBagée on http://www.jfe-
con.jp/product/hpctevjpiprbdity/f paffeblythrdgetica fimew.bydrbgdexark pdw.doon index.php/hydro-

gen-fuel-tanks/. gen-fuel-tanks/.
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Figure 5.12. Developed simulation model for hydrogen charging.T. Nejat, Trans-
portation fuel hydrogen, Based on Energy Technol. Environ. 4 (1995) P2712-P2730.



Figure 5.12. Developed simulation model for hydrogen charging.T. Nejat, Trans-
portation fuel hydrogen, Based on Energy Technol. Environ. 4 (1995) P2712-P2730.
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2.5.2 Uses as 2nSehtigsssiomgemaeghistorage medium

Seen as a storage rbestilam pgdseags hyetfogen gaseowve higdroigenris ecgreanidrdtarasnderground stores
such as aquifers orsflublesdaquifsadtatdinshedrosib salt rdqmiei ngtordpaheattqulmggonly a better lining
compared with presemipasedfvitie paesergacde gitihéosanati ges fogioal foahgaions for natural gas
storage. The low velomgdeéhsétjomalads meldegsitys toes inydragefastoredecanmanufactured con-
tainers somewhat expTsisenbewhatex pesssive) b gem pressgd is\stith gensideege is still considered
a convenient solutmooioremiamy aphiteati dos maimdapijcatid fisriati tedet ttyeafidfor at least the first
generations of fuegerletativngof fietlicels bpdrbgeseledlitisizergt hewtenaldkhsze generators. These
and other storage aptaibevesto degeriptibins Senteode2cdibied|irdbegtiquefizdnaddding liquefied and
molecularly trappedhbletudgdy stapped hydrogen stores.

It is possible for hyldiie gersdibleldg ahnplesestdmpglyredileasstomageatied iwithin connection with
several types of enseggrsydigres ohdependersterhsHeidepeardeot lofdvbgdmeisaiswt hydrogen is also
used as a general ersegpcargencRenevergle @reiggy Restewable gunicegyrsysi storageiire energy storage
in order to becomérselfdenrtta bemd sudisittinso atedrted] sofemosej sired bydirgge ofsthisfies a range of the
storage requiremestsragsudy systemesitparftsudhriystem sffond ahik flieifeel Hfcotable fuel cell becomes
available for recoveayaifabhefgy redhvere shtite fgyrimdheleetsizitle forjustinetadtiocied As just mentioned,
just about any futyresenbogyt systdotweddedgyisydhenefitsifid weaneebe he fitsdfogaraccess to hydrogen

energy storage. energy storage.

> Read full chapteRead full chapter
Hydrogehhfdebgd mefick bad aozabalesomobiles —
PassengePassesmped tarsesnd buses

J. Wind, in Compehdiindpirt-Hydnogendtmergf, 20déogen Energy, 2016

1.4.3 Hydrogeh4dpgdhdrogen supply
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PEMFC stacks need pure hydrogen in order to operate. Thus, it is necessary to either
store pure hydrogen on board the vehicle or to produce it from another fuel carried
on board. On-board production of hydrogen has been used mainly in the last century
in some FCEV prototypes, such as Daimler’s NECAR 3 and NECAR 5 (Mohrdieck et
al., 2014). These vehicles used methanol as a fuel and an on-board steam methane
reformerto produce hydrogen from methanol. This adds a high degree of complexity
to the drive train. This strategy is no longer followed by any car manufacturer; today,
all FCEVs use pure hydrogen stored in an on-board hydrogen storage system.
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all FCEVs use pure hydrogen stored in an on-board hydrogen storage system.

Due to the very loviDue tionttteiveny dogy densitytoic leydnggede maittecd dgsigrgeffpquite a design effort is
needed to store theeeded rib st dnedfogamoedessd yyidrop eea senatderd fioimgremsgeable driving range.
Several hydrogen sSevegs tephmgegicofagé tdVmbiogibedardeuEMpbdventetesideleloped and tested.
Up to now, the only puitabdewwdys oo btsetsigrifvaysttarstove s giifigdnogendards of hydrogen in a
vehicle have been e¢hmldihaie beerogithesttirpgd bydoogpresterhggdngemptessgd. hydrogen storage.
A new approach, c#ledwryppconatpresdtetstoyagmispreteezigst deagapiogstbegmtaehnology that com-
bines both. Howeeim thibddchholwgydrashioteeimebuged dbevodyet redehetbfieatame technological
maturity as the othestubiegpitd herg lerd. i Despiteel deg gnd ndt elevile pdesegih wodkdevelopment work
at many research inttiates msdairchndsstytes@other mdirsiggnnsiatgs techmgegstorage technology
(such as storage in(fiydrides) bepbaenhyeredep et 4o bhemasvelivp éel b neededtirity level needed in
automotive applicatidos(Soversepliebibn2q8b6)ensen et al., 2005).

A complex and expknsivepdtoragd sypensiie remuage dysttorddiqgdihaditogtare liquid hydrogen

at temperatures belbve 2(p2Baku feseleloth 2@ ABgaddvems ulith ore ryy gieodsi nsingtan systems using a
combination of maiemidmnwiitbn of tieberialscaittuchivityerndaV zcundmst i eitgpordtvacuums, evaporation
of hydrogen cannaiftieydregerted ot lye| paeve gt dohsilye labdérty doagersidssesle hydrogen losses.
The hydrogen stordge $ysieogeviltorzge systétarsihbe weehsy eften satheheeblst even with the best
available insulatioravBhisbeansudétion nTjisrid avebat ks hmjebdaad/ backd dfydreeard liquid hydrogen

storage. Another dstedsgetdgmth thelicgvaigh gn e gy cvesumghien ergydexhfomtiption needed for the
liquefaction of hyd togefiaethinhoifshpd tegem getdth Oskiwthk gafde/dfdgdiltgkgparégdrogen, compared
to a total energy cdotenviaf 885 &Wdoofehkgfdhydeddeaf( LBEToRBYEfogen (LBST, 2015).

Today all road vehittedayaallifactd vetsi ale msimgfactueosi bee toviage damigsositststerage tanks to store
compressed hydrogem prithse g tesdcoget 35th bapsessiitd blass 7/ Borbar 0agess 700-bar storage is
used in most passarsgelricars ast thasaeaipEy| empaetisd imvaitzb| Esphosés, | BhdtddrEof buses, 350 bars of
pressure provides psesiabteprptideda sudable gretter dpacoale| ghkaierspacetheailable in or on the
bus. The compressedshydheogem pressgd sysieoge natsistgs systeonseonsisd miposideor more composite
cylinders, valves, sepkodeasid abgs|aensofypatvregitatens coypestihgyihdermaensisting of an inner
liner made from plasticsvadt & wanb ptastics anih tocaeboenfi fitkedeinifdr cesive at dilleddwith resin are used
most commonly (Ficbsl seemaod K(Elicladieder and Klell, 2012).
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tion: Technologies and Their Assess-
ment

Lars Baetcke, MartiarSabmetake;tyiartiy daltsoh mittpin Eryareg@0RBipply Chains, 2018

5.2.3 Cryo-Cobapie$saa +ypdnpgessed Hydrogen

Cryogenic hydrogeorgageiso ihedstared cardelspriessstorethisnojeti pmesscakedhis option is called
cryo-compressed storagmrBpsadesdiet ctagegBedit gs it drstorgmeothigusdisgdragen, this is a storage
option characterizexptipa chlatactbrizeghbyodureletive kyrteigly delnsityttiat deesyrddnsity that does not
change the chemich aipgedhendesrh ivpd eppearance of hydrogen.

5.2.3.1 State of Be2ttbdlSigpe of Technology

In this storage conbeph,hytrommcsraeptdygdrogto ihedetegdetatundofhiebednperature of liquid
hydrogen (20K) andyattoigrom&2YK) ypdrod geldl s aoat p tepd edgienaip cessypresfedptoca pressure of up to
350 bar or even 70B5fabadndewthez@balledgitey tbesttibalcagiegecgn ditimitsy; ah energy density of
maximum 7 wt% amdximaxim d rw {34 rkgnaAxinay ipeCadl i kged/ Tisyi e alhpossiblEhis is only possible
at the expense of aat the exyerssarobanteobemeygy amb techofodogigy effdrtechoambbgical effort to cool
and compress hyd gt ooAdutitssigltsdperd ddditdsnial ly ¢ tdedign ari dssio thgedesigel of a storage vessel
containing a fluid absitamirlgw fhritberstute deheal fremagerggummieveldat slehg tingk and at such a high
pressure, are extre prayshigh afe exseribe ythighsio dleseabelit inaBysartype Wagressiatéy a type [V pressure
tank (Section 5.2.1}aok¢Sedtioinht Ael yaove rad it batiomviypicatlyi nseth fioml iypefety used for liquefied
hydrogen tanks (Seutdyogden. 23 ks (seletibih SeRed) ¢t aleced(ABevemet &t ,a2Q PO1Bjunner et al., 2016).

Due to these challebgegmttedeniballl reges] artenhdiicg| bolegsrdemsmaiimg abreplivimgse aims at realizing
cyro-compressed foydosgem pressgd taydeoglearatberige ddnkarchardciebmedntdy 50dnd 4 bar and 50 K.
This leads to a storbigis deadstiood StartPgehddnsggrofrisidtéHeyfibgéoatheida tike fully-loaded tank
(Blagojevic et al., 2Bl2gdp¥iéretahcefts 2u Dehely aomdeptieve lopmilyni et aievetlopment that are in
various developmenarstageatevstogifierenttsiges gediffereterstiaripetpasphiretizes tteetry to optimize the
amount of stored hydoog¢rofrstetet drydodpemiecestatip tetth theaheffestary technical effort.

5.2.3.2 Charactesi2adi@rCharacterization

The cost of a cryo-thmposssedastoyagmtapkessird starege dh i R-18 Sk Re-30 US$/kWh. Due
to significant technécslgniteanatritiek pibeke vatuts atiesptresel valg ehatnesast along the lines of
the expected cost ttrenebtpe ceat] ausit fdrath eHewep ratstyfuesttreafesxiprotby pesrbigat exist. The storage
efficiency is charactéfiicied by isathesacdenieet dne val bet weenethieesio ra drebffecirribe storage efficiency
of liquid and compkliqadhgdbgemp#tsédd hydabigiop4des of ameghisticlerfertbe magnitude for the
time being (StoltertistabeRtd (Stuitenvetialet 20] @0AB)uwalia et al., 2010).
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5.2.3.3 Markets and Perspectives

Several attempts hSeedratattandetschavp lrarmhadd testepyertem predsedtstoragompressed storage
for mobile applicationsdbile ismsivexilyst Tieisds eppbcatliyririmefassepgication in passenger cars
because the high ebergysdeahsitlyi shvene gt atetna tiois thesyapiptactiienfordhexapylieation. For example,
a Toyota Prius has bdeyaguRpipschesthee nrgquip peohesitbcdstoragotapkessddstorage tank and has
achieved the longestidevedg ldéstange stodfavifld soskane it fas(dgOthnk) filithg single tank filling

for a hydrogen-povaerachydrdfenqsostared2€HirQA ddvisssed mlg 201 (K. Wik o stpeagdiyank was a specially
designed cyro-condesigsetistpragotapkesed sivhagevitmkidiet ceidoenpritksiequid or compressed
hydrogen; in the chsadipigemljeéd thithchispiitis fitlga withbgesskdriorgosgemthiessed hydrogen the
storage tank contasterage temksomiaérisyzi+dgemébanarstoydgegan klufrcastpragsethnk of compressed
hydrogen. hydrogen.

Cryo-compressed kygoogempiressgd hys sogee stveagedesisocoengdvistagesdtheomparison to other
options (e.g., high sptiage (@gaditigha st cypmnsayhectpiramidad pessithiktieth fitahpossibility to fill the
storage tank eitherstaothgeotapkesisbdy evith-compressed, oryloqoodnipyrdsegenoBlidsial hydrogen. But so
far cryo-compressddrtaryls aoenpotssed dbteke arth e oh ave¢tabhel dhe henpgasketossiblbhe longest possible
time without lossesirh e miteduit losses fays ssethis scenepadagstoditpridbydragehto liquid hydrogen
storage, this is arostodageethisrisesrimunge séBenrterestlahg20 {Byunner et al., 2016).

Because of these cB&tangeofttisasaldielliehgesiyas aomti pebstbdtstorageowiptessedstorage will become
a considerable parbabtisdembleartofriet totise yearsriarketria. theditam aidycathe. Additionally, all
currently built refuelirrgrstlytburikt aedidedsigredtfon shere desilguiedrfaf thendpstsbedion of compressed
hydrogen. This miglyti ragere This foigtigh byt dpetialstoideighdy sparpaint fideisled company vehicles
(e.g., trains, planes(algipshawisiqhl an &shs bipsgfudl edhimaghy beegflaelediin varly bmételdce or a very limited
number of places. number of places.
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12.3.4 Large-sk2l8.4riengestaabgenefmsttochge icdséstructure costs

The role of hydrogEhestolegy isytidrageonstnodatdshe actomiiedate dheciméwrablétency of renewable
electricity. The electhedyrertyh€heeetentedlyzepe tate di dave itouopsty tendi seavet touoeisly and have to be
of large capacity foofgdeidsugapacity fopgsed. dugwoapiialposts abhaviiva pitailabiisyaofd the availability of
large amounts of dacgesaerrewdblefetectssite fewqbin dlgcaridtin(tmge)arttyerc in time) are hence
prerequisites for a faeoeqblisibessfoess feawr fbleHydsiess pasel tatioyd Agardjvatddction. As indicated
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previously (FCH2JU, 2014a) capital costs for renewable electrolysis are targeted at
2.0 M€/(t/day) and 1.5 M€/(t/day) for 2020 and 2023, respectively, from a current
cost of 8.0 M€/(t/day).
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Total capital costs dovatitapitelebstd aoeis| bes leydtized costspedkyg/tbogemstessge hydrogen storage
in different types ahgtitfergias ltypes afi geclegitavior maftigo rerd 2léofen stoFigaref12.6 for storage of
7000 ton hydroger78004 bdry@eoghia, 2AMH0. Hdre Fartd id| 201 e {Tdos fsEbi-$tbtaggestcosts for storage at
pressures above 8(pbessane€ ANDFB0 bar are € 6000/t.
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Figure 12.6. Capitdtigosechivép drepitalaudtosenaf devesl tseahdostefell hedilogehcaisis-for hydrogen stor-
age in geological fagm aniges|Sgivdlfp261at)ons (Sandia, 2011).

The overall busineSheasedal Hydsogss esse femdwalbteencagyp storagebieeeiengy storage medium
depends on the vallepgederatethbyithia geafteatetd tages Gse\aftting dadyegéarbacking hydrogen back
into electricity for iheéogeld¢tuiiitg florethe s, dy feisg ol telise fidkemsy(30+-Bbéefficiency (30-35%
power-to-power) apdveapital mosteof dnd caplitalstost offfecd ust| of thisp soBegatitivef this, competitive-
ness of hydrogen asesstifrhgd rogiorasepstodsgerojisisncdepsfnd s pplitstsocassful application as a
low-COz2 energy caloierGOptmargyatarsiemiosbihepseatotly, fiorolsy dmogertamidp flstyhydrogen mobility.
This is also apparefhfsdsraro apgeregtshrody RCoIRILIRDIRb)yWRICH 2)djc2@dst b athich indicates that
conversion of reneweablerslect iitgtevblogeathortystodutdrdg thefpouse sedtide the power sector,
i.e., in the gas gridi(powethe gas g fut (pobditioogas), austopHity dreipobehisaty has the potential

to exploit nearly altexcqsorenewdp H|stectssite ibabbieudtt oifieity idethave td obkerwise (have to) be
curtailed, thereby substaletatyaebyrtubstentatlycdataithomnizatmthefdbesbsedtation of these sectors.
Realizing this pote Rializéqg itteis thatehigaé iegitines thailttenedndifbehlabaglanadnkdor hydrogen at the
production site or pretthetibpdvivgen taat bleebyd ovgina by brbespramedrtiza lje¢raasgorted to a demand
center. Because of teetelBresusealf/tde pglelimestmavsivedsipip&itletobhvsonisstosi e the obvious choice.
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