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Preface

Dear readers,

Manyofyouknowaboutthepotentialusesofhydrogenfrom
your work. When produced renewably, it can bring together three 
importantaims:energysecurity,climateneutrality,andcompetitive-
ness.Thismakeshydrogentheopportunityofthecentury,andalso
oneofourprioritypolicyareasattheFederalMinistryofEducation
and Research.

Itisouraimtoscaleupthetechnologyasrapidlyaspossible.In
future,sufficientamountsofhydrogenwillbeneededtosupply
numerousareasofapplication,suchasthechemicalandsteel
industries.Inordertoachievethis,Germany–asabusinesslocation
–nowneedsvisionaryapproachesliketheflagshipprojectH2Giga.

Aspartofthisproject,morethan120partnershavecometogetherto
preparelarge-scaleelectrolysersformassproduction.Andtheyhave
beenverysuccessful:thefirstlarge-scaleelectrolysershavealready
beenusedforthefirsttime,andpilotplantsarebeingsetup.

Astheprojectgrows,thenetworkofH2Gigapartnersisgrowing
too.Establishedmanufacturersofelectrolysersworkhandinhand
withsuppliers,universities,andscientificinstitutions.Together,they
putfindingsfromtheworldofresearchintopracticerightaway.
Thismeansthatsolutionsarefoundwhichcanbeusedinindustry
without delay.

Ouraimisclear:wewanttomakeGermanyahydrogenrepublic–
withthehelpofinnovation.TheNationalHydrogenStrategydefines© Bundesregierung / Guido Bergmann

theframeworkforthis,andgivesallinvolvedthesecuritytobeable
to plan ahead.

Germanyalreadyhasastrongresearchandindustrylandscape,and
thefieldofhydrogenisnoexceptiontothis.However,particular
effortisneededforustobeabletocompeteontheinternational
stage.Wewanttobecomealeadingmarketforhydrogentechno-
logies,andtomakethemanexportleaderwiththelabel“Madein
Germany”.Inthiscontext,IseetheroleoftheFederalMinistryof
EducationandResearchaspavingthewayfordevelopments,but
alsosettingtheirpace.Weareinvestingmorethan700millioneuros
inourthreehydrogenflagshipprojectsalone.Thiswillcontributeto
greenhydrogendevelopingitsfullpotentialfortheenergytransition
andclimateprotection.

Overthenextfewpages,youareinvitedtogetanimpressionof
thisforyourself.Iwishtheflagshipprojectcontinuingsuccessinits
upcomingendeavours!

Bettina Stark-Watzinger
MemberoftheGermanBundestag
FederalMinisterofEducationandResearch
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H2Giga introductionVorstellung TransHyDE

Water electrolysis for the energy transition

Intheglobalsearchforsustainableandenvironmentallyfriendly
energysources,hydrogenfromrenewableenergysources(“green
hydrogen”)playsakeyroleinovercomingthechallengesofclimate
change.Hydrogencanbeutilizedinversatileapplicationsandismore
thanjustanenergycarrier:Besidesitsfunctiontostorerenewable
energy,hydrogencanbeuseddirectlyasafuelformobilityand
heating.ThroughPower-to-Xtechnologies,hydrogenenablesthe
productionofsyntheticfuelsasareplacementfortoday’sfossilfuels.
Furthermore,itisanimportantreducingagentandreactantinthe
chemicalindustryandsteelproduction.Inthelatter,itcanreplace
coke to reduce iron ore in the blast furnace. In a fuel cell or in a hydro-
gen power plant, it can generate power or be used to  generate heat. 
Greenhydrogenthereforerepresentsabridgebetweenrenewable
energiesandenergy-intensivesectorsinwhichdecarbonization
throughdirectelectrificationisdifficultorevenimpossible.

AccordingtoGermany’sNationalHydrogenStrategy,whichhasbeen
updatedin2023,thecountry’sgreenhydrogengenerationcapacity
shouldreacharound10gigawattsby2030.Theambitiousclimate
targetsrequireanincreaseintheelectrolysiscapacitiescurrently
availableforthegenerationofgreenhydrogenbyalmosttwoorders
ofmagnitude,i.e.afactorof100.TheflagshipprojectH2Giga,funded
bytheFederalMinistryofEducationandResearch(BMBF),islaying
thefoundationforthismassiveramp-upbydevelopingtechnologies
fortheserialproductionandupscalingofelectrolyzers.Around120
partners,includingelectrolyzermanufacturers,plantmanufacturers,
engineeringcompanies,preciousmetalsuppliers,start-ups,research
institutesanduniversities,areresearchinganddevelopingmodern
productiontechnologies,newmaterials,andimprovedcomponents.
LeadingGermanelectrolyzermanufacturers,suchasSiemensEnergy,
Linde,MAN-ES/H-TEC,thyssenkruppnuceraandSunfire,areallpartof
H2Giga.Incooperationwiththeirresearchpartners,theyareworking
onprojectstoupscaleelectrolysistechnologies.
 

1 H2Giga
Water electrolysis for green hydrogen  
onagigawattscale

H2Gigaisopentoscale-upandindustrializeallwaterelectrolysis
technologies,coveringalkalineelectrolysis,PEMelectrolysis(PEM:
protonexchangemembrane)andhigh-temperatureelectrolysis,as
wellasthenext-generationtechnologyAEMelectrolysis(AEM:anion
exchangemembrane).Alkalinewaterelectrolysis(AELorAWE)is
anestablishedtechnologywithahighdegreeoftechnicalmaturity
andprovenlong-termstability.Alkalineelectrolyzersarealready
availableonalargerscale.Thistechnologyhastheadvantageof
usinglowamountsofpreciousmetalsandthedisadvantageofa
lowerflexibilityforpartial-loadoperation.Bycomparison,PEM
electrolysisoffershighelectricalefficiencyandbetterdynamic
properties.However,thismethodrequireshighamountsofprecious
metalsascatalysts,inparticulariridium.Thethirdtechnology,
high-temperatureelectrolysis,canachieveveryhighconversion
efficiencylevelsbyusingprocessheatorwasteheatasanadditional
energysourcewhencoupledwithindustrialprocesses.However,it
istechnologicallylessmaturethanAELandPEMandnotsuitable
fordynamicstart-stopoperation,sincetherequiredtemperature
cycle would be too large. The youngest electrolysis technology, 
theAEMelectrolysis,combinesspecificadvantagesofalkalineand
PEMelectrolysis:Forexample,nopreciousmetalsarerequired
ascatalystsandthepolymermembraneismoresuitedforserial
productionthanAELseparators.However,fromatechnicalpointof
view,AEMelectrolysisisatasignificantlylowerlevelofmaturity,in
particularcomparedtoAELandPEM.

Electrolysistechnologydependsonspecificapplicationrequire-
ments,availableresourcesandunderlyingeconomicconditions.
Insummary,H2Gigaprovidesthewholespectrumoftechnological
possibilities,whichareessentialtoachievehydrogenproductionon
agigawattscale.
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H2Giga introductionH2Giga introduction

Project objectives:

Asufficientsupplyofefficient,durable,andscalableelectrolyzers
isneededtoenablethehydrogenramp-upinlinewiththegoals
ofGermany’sNationalHydrogenStrategy.Althoughthereare
alreadylargeelectrolyzersonthemarkettodaythatworkefficiently
andoverlongperiodsoftime,theirproductionisatleastpartly
manual.Thisistime-consuming,cost-intensive,andpronetoerrors.
ThisiswhereH2Gigaentersthepicture:ourprojectpartnersare
researchinganddevelopingtechnologiesfortheindustrialization
andupscalingofwaterelectrolysis–aprerequisiteforproducing
greenhydrogenonagigawattscale.
 

Photo ©: Siemens Energy AG, thyssenkrupp AG, H-TEC Systems GmbH, ITM Power Linde GmbH, Sunfire GmbH (from top left to bottom right)

partners are involved in 
the hydrogen flagship 
 project H₂Giga to work 
 towards a greener future

120+

Thematic priorities within H2Giga: 

›  Manufacturing technologies
›Automationandrobotics
›Systemandprocessintegration 
›Re-designforproduction,maintenance,recyclability
›Supportoftechnologydevelopmentthroughdigitalplant 
      and product twins 
›Newmaterials(e.g.membranesandcatalysts)
›Testingmethods,qualitycontrol,lifetimeanalysisandprediction
›Set-upofareferencefactory
›  Recycling concepts 
›Norms,standards,andapprovalprocessesforelectrolyzers
›Professionaltrainingonelectrolysis/hydrogentechnologies
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H2Giga introductionVorstellung H2Giga

therebyachievinghugeincreasesinthroughputandproduction
capacity.Thetenindependentscale-upprojectscoveralkaline,PEM
andhigh-temperatureelectrolysis.Allaimtopreparetheirtechno-
logyforimplementationonagigawattscale.

In the next-generation scale-up projects,moreinnovativeelectro-
lysistechnologiesarebeingfurtherdevelopedandscaledup.This
groupalsocoversadvancementsincorecomponents,suchasthe
stackorthemembraneelectrodeassembly.Theresultswillpavethe
wayfortheelectrolysistechnologiesoftomorrowandbeyond.

Theacademicinnovation pool projectsworkonoverarching
researchtopicsrelatingtoelectrolysis–fromnewmembranes
andcatalyststotestingmethodsandmanufacturingtechnologies.

Theindependentprojectsareclusteredinsixresearchareas,
whichrangefrommaterialdevelopmenttoperipheralelementsof
electrolyzerplants.

The Technology Plattform Electrolysis hosts an ongoing dialogue 
betweenresearchandindustry.Thisinformationexchangehelps
to close knowledge gaps and supports the research partners in 
consideringthefutureapplicabilityofresearchtopicsrightfrom
thebeginningoftheirwork.Theplatformprojectalsocovers
general,non-technicaltopicssuchastrainingprogramsorapproval
proceduresfortheinstallationofelectrolyzers.

Project structure

H2Gigaconsistsof30independentprojectsinwhichover120partners
areresearchinganddevelopingmodernproductiontechnologies,
newmaterialsandimprovedcomponentsforelectrolyzers.Electro-
lyzermanufacturers,plantmanufacturers,engineeringcompanies,
preciousmetalsuppliersandstart-upsaswellasresearchinstitutes
anduniversitiesworktogetherwithintheirprojectsinordertomove
thetechnologytowardsanindustrialscale.TheH2Gigaprojectsare
dividedintothreegroups:scale-up projects, next-generation scale-up 
projects and innovation pool projects.  

In the scale-up projects,electrolyzermanufacturersandtheir
projectpartnersareresearchingtechnologiestoenableupscaling
andserialproductionofelectrolyzers.Theyaimtoproducelarge
modulesoftheelectrolyzerswithahighdegreeofautomation,

Innovation Pool
14 projects

NewmaterialsR&D
Lifetime&celltesting
Recycling
Manufacturing technologies
Digitalization
Interface technologies

Next Generation Scale-up Projects
5 projects

PEM:Schaeffler;PEM:Heraeus;AEL:WEW; 
AEM:Enapter;AEM:SiemensEnergy

Scale-up Projects
10 projects

PEM:SiemensEnergy
PEM:Linde/ITM
PEM:MAN-ES/H-TEC
HTEL,AEL:Sunfire
AEL:thyssenkruppnucera

Technology Platform 
Electrolysis
DECHEMAe.V.

1 project

H2Giga Office

PEM: Proton Exchange Membrane Electrolysis 

HTEL: High Temperature Electrolysis

AEL: Alkaline (Water) Electrolysis

AEM: Anion-Exchange-Membrane Electrolysis

Mitigate  
innovation 

hurdles
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Technology Platform Electrolysis

2 Technology Platform  
Electrolysis: TPE
Interactionbetweenresearchandindustry

ThenetworkprojectTechnologyPlatformElectrolysis(TPE)isthe
centralpointofcontactforallstakeholdersintheH2Gigaprojects,as
wellasforexternalinquiriesandrequests.DECHEMAe.V.coordinates
theTPEandprovidesaplatformforinformationexchangebetween
thecurrently30independentH2Gigaprojects.TPEadditionally
functionsastheinterfacetotheprojectsponsor,theFederalMinistry
ofEducationandResearch(BMBF),viaProjectManagementJülich
(PtJ).WithinH2Giga,variousexchangeformatssupportthecontinuous
flowandexchangeofinformationbetweenresearchandindustry.
Thisensuresthatsynergiesareoptimallyleveraged.TPEalsomanages
theflagshipproject'scommunicationandpublicrelationscampaigns.
Itorganizestradefairpresencesandannualstatusconferencesfor
H2Giga,thelatterbeingexcellentnetworkingopportunitiesforexperts
andstakeholdersacrosstheflagshipproject.

TheTPEprojectalsoworksonnon-technicaltopicsinorderto
overcomeinnovationobstacles.Examplesincludestandardization
issuesandaccelerationofapprovalprocessesfortheinstallationof

electrolyzers.Thelatterareanalysedfromapracticalstandpoint.
Indirectinteractionwithapprovalauthorities,thepartnersidentify
definedandtransparentproceduresenablingafastandeffective
processfromapplicationtoapproval.AnadditionalTPEworkpackage
focusesonprofessionaleducationandtrainingonelectrolysisand
otherhydrogentechnologies.Thepartnersdevelopandimplement
professionaltrainingcoursesbothforthebasicsofelectrochemistry
andtoimpartmorespecificknowledgeofelectrolysistechnologies.

OnehighlightoftheTPEprojectistheelaborationoftheRoadmap
Electrolysis.Thissummarizesthescale-upstatusofallelectrolysis
technologiesinH2Giga,listsopentechnologicalchallengesandfurther
researchrequirements,andproposesimplementationpathstoreach
thegigawattscale.

Coordinator:DECHEMA e.V.

© DECHEMA e.V.

Research

Technology Platform 
Electrolysis: TPE

Exchange, 
utilization of synergies

Removal of  
innovation obstacles

Industry

H2Giga Office

Federal Ministry of Education and Research (BMBF), 
Project Management Jülich (PtJ)

Testing, 
standardization

Communications

Acceleration of  
approval processes

Networking,
conferences Exchange of 

expertise

Roadmap 
electrolysis

Professional education 
and training
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Scale-up projects
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Scale-up projectsScale-up projects

3.1 SEGIWA 3.2 DERIEL
Serialproductionofgigawatt-scale 
PEMelectrolyzers

De-riskingforPEMelectrolyzers

WithinSEGIWA,thepartnersarelayingthefoundationforan
automatedserialproductionofPEMelectrolyzersandthusforthe
expansionofproductioncapacitiesinthegigawattrange.Frombasic
materials,e.g.catalysts,throughmembraneelectrodeassembly
(MEA)andstacksrightuptoentireelectrolysismodules,thepartners
areworkingontechnologiestofullyautomateproductionand
assembly.Duringtheresearchphase,manydecisionsneedtobe
made:frombasicconstruction,dimensioningofthecellsizeand
numberofcellsperstack,supplierselection,modeofoperationall
thewayuptothedesignoftheentireplant.Allthisinformationflows
intotherealizationofaproductionlineforthegigawattrange.The
developmentissupportedbystudiesondigitaltwins,inparticular

De-risking,ortheminimizationofrisks,meansincreasingthe
operationalreliabilityofelectrolyzers.Operationalreliabilitybecomes
increasinglyimportantasthesystemsgrowbiggerandtheirtechnical
maturityimproves.Tothisend,partnersfromresearchandindustry
worktogetherintheDERIELprojecttoestablishabasicunderstanding
ofdegradationandfailuremechanismsinPEMelectrolyzers.The
studiescoveraspectrumrangingfromsmallindividuallaboratory
cellsuptoapplication-orientedteststationsinthemegawattrange.
Fromtheseresults,thepartnersdevelopmeasuresforpreventingor
minimizingdegradation.Suchmeasurestypicallyincludeselectingand
definingsuitableoperatingwindowsanddefinedprotocolsforspecial
operatingconditions,suchasstart/stop,loadchangeoremergency

shutdown.Thepartnersanalyseagingmechanismsbymeansofboth
electrochemicalcharacterizationandcomplexanalytics.Computer
tomography,electronmicroscopy,NMRandRAMANspectroscopy,
areusedtocomparematerialsbeforeandaftertheiruseinthe
electrolyzer.Degradationprocesses,suchasparticlegrowthofthe
catalystorchangesintheelectrodestructure,canbemonitoredand
analysedquantitatively.Theaimistoachieveafundamentalunder-
standingoftheunderlyingprocessesoffailureanddegradation
modes.Thisisabasistooptimizetheentiresystemaccordingtothe
Paretoprincipleinatime-andcost-effectivemanner.

Coordinator:Siemens Energy Global GmbH & Co. KG  

adigitalfleettwin,whichcananalysenumerousplantsthatarein
operation.Fromthis,conceptsaredesignedwithlearningsystems
fordetailedmonitoringandapredictivemaintenanceprocessinreal
time.Overall,SEGIWAaimstolaythefoundationfortransformingthe
Silyzer®300technologyplatformfrommanualassemblytoautomated
serialproductionatthebestpossiblequalitystandard.Here,aplant
consistsofindividual0.75MWmodulesofferingatotaloutputof17.5
MWandahydrogenproductionof340kg/h(4000Nm³/h).

Coordinator:Siemens Energy Global GmbH & Co. KG  

© Siemens Energy Global GmbH & Co. KG © Siemens Energy Global GmbH & Co. KG
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3.3 SineWave 3.4 IntegrH2ate 
Innovativesector-coupledelectrolysissystems Operatingelectrolyzerswithaddedvalue

InSineWave,thepartnersareworkingonoptimizingtheentire
electrolysisplant,inparticulartheperipherycomponents.The
aimistoresearchatechnologybaseforplantsthatcanbeapplied
todifferentelectrolyzers,independentoftheirpowerclass.
Additionally,thepartnersdeveloptailoredplantcomponents,for
exampleforseparatingoxygenandwater.Hereinnovativetechno-
logies,forexampleadditivemanufacturing,areusedtotestnew
methodstoefficientlyseparateoxygenandwaterinthePEManode
cycle.Teststandsaresetupformaterialdevelopmentandtoanalyze
degradationbehavioronshortstacklevel.Theoverallsystemgets
optimizedintermsofitssuitabilityforscaleup.Anotherimportant
partofSineWaveistheprocessintegrationoftheelectrolyzer,e.g.in
plantsfortheproductionofmethanolorammonia,orthecombi-
nationwithconventionalplantsforsteammethanereforming.The
projectteamdevelopsdigitalsolutionsforsafeoperationofthe

Thelarge-scaleimplementationofelectrolysisplantsiscurrent-
lylaggingfarbehindexpectations.Oneofthemainreasonsfor
hesitantinvestmentdecisionsistheirlowprofitability.Therefore,
thereisanurgentneedtooptimizetheOPEX/CAPEXoflarge-scale
electrolysisplantsinordertoimprovetheprofitabilityofsuch
plants.Asasteptowardsprofitability,conceptsfortheeffective
utilizationoftheby-productsoxygenandheatarebeingdeveloped
andresearched.Foroxygenutilization,newprocessesforoxygen
treatmentandcompressionarebeinganalysedandconceptsas
wellassimulationsforsuitabilityforpotentialcustomersarebeing
developed.Forheatutilization,thewasteheatfromtheelectrolyzer
willbeupgradedtoahighertemperaturelevelinascaleddemonst-
rationplantusingaheatpump.Thisallowstheheattobeusedmore
effectivelyataproductionsite(e.g.inchemicalparks,refineriesor

electrolyzerandintelligentcontrollingoftheentiresystem.Asa
result,thetotalcostsforthesystemandtheongoingoperatingcosts
(OPEX)canbereduced.

SineWaveincludesthefollowingworkpackages:
WP1:Digitalsolutions
WP2:Smartmaterialsandequipment
WP3:Water/oxygenseparation
WP4:Performancemeasurementsandprocessintegration
WP5:Educationandtraining

Coordinator:Linde GmbH

municipalutilities).Inaddition,theprojectisresearchingconcepts
forconditioningwaterandsewagefromelectrolyzerplants.

IntegrH2ateincludesthefollowingworkpackages:
WP1:Researchintolarge-scaleelectrolysisplantsupto1GW
WP2:Purificationandeffectiveutilizationofoxygenasa 
             product of electrolysis
WP3:Extractionandeffectiveutilizationofheatasaby-product
WP4:Waterconditioning

Coordinator:Linde GmbH

Leuna chemical site © Linde GmbH3D plot plan of 24 MW electrolysis plant © Linde GmbH

Scale-up projectsScale-up projects
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Planned gigafactory "H-TEC SYSTEMS Stack Manufacturing & Development Center" in Hamburg-Rahlstedt © MAN Energy Solutions

TheaimofPEP.INistomanufactureelectrolyzerscompetitivelyin
largequantities.Forthis,thepartnersaredevelopingproduction
technologiesandmethodsthatdonotexistonthemarketyet.Know-
ledgefromthefieldoffuelcellsintheautomotivesectorservesas
astartingpointforthedevelopmentofautomationandupscalingof
electrolysis.Therefore,carmanufacturersandcomponentsuppliers
playanimportantroleinthisproject.Furtherdevelopmentandcost
reductionextendacrossallvalue-addedstepsintheproduction
ofelectrolyzers.Serialproductionprocessesarebeingdeveloped
tobeappliedinagigafactory.Stackdesignisalsobeingadapted
forsuitabilityinautomatedproduction(“designforproduction”).
Inparallel,thepartnersareconductingresearchona“stackofthe
future”,whichwillserveasabasisoffutureelectrolyzergenerations.
Forthecurrentstackgeneration,thepartnersareworkingonmaking
theassemblyfullyautomaticandreproduciblebyusingspecifically
developedgrippersandassemblingrobots.Variousproceduresfor
designingtheassemblylinesarebeingexaminedfromanacademic
andindustrialpointofview.

Intelligentmonitoringoptionsforelectrolyzeroperationarealso
beingintegratedintothemanufacturingprocess.Thisensures
optimalusageoftheelectrolyzersacrosstheirentirelifetime.The
monitoringtechnologyconsiderssubsequentmaintenance:smart
systemsforpredictivemaintenancehelptoensurealongerlifeand
efficientdeploymentofmaintenanceresources.Lastbutnotleast,
thepartnersaredevelopinglogisticconceptsforaqualifiedsupply
chainthatissuitableformassproduction.Duetotheworkin 
PEP.IN,productionofonegigawattelectrolysiscapacityperyear
shouldbeenabledinthemediumterm.

Coordinator:MAN Energy Solutions SE

3.5 PEP.IN
IndustrializationofPEM
electrolysisproduction

Scale-up projectsScale-up projects
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3.6 HTEL stacks – ready for gigawatt
Stacksforhigh-temperatureelectrolysis 
inthegigawattrange

Thehigh-temperatureelectrolyzer(HTEL)isthepreferred
electrolysissolutionforindustrialapplicationsinwhichwater
vaporisavailable.Byusingindustrialwasteheatasanadditional
sourceofenergyalongsideelectricity,theHTELachievesafar
higher  conversionefficiencythanothertechnologies.Asaresult,
considerablymorehydrogencanbeproducedfromthesame
electricalpowerconsumption.Thecoreelementintheproduction
ofgreenhydrogenusinganelectrolyzeristheHTELcell,with
numerouscellsbeingcombinedtoformastack.

Thisprojectputsanemphasisonscalingupthestacktechnology
tothegigawattrange.Forthis,thepartnersarefocusingonfurther

developmentstepsregardinglifetime,materialcosts,efficiency,
productiontechnologiesandramp-upofproduction.Innovations
inthecellandinthestackwillimproveperformanceandlong-term
stabilityandoptimizetheirsuitabilityforautomatedproductionin
thefuture(“designforautomation”).Withthedevelopmentofplant
technologies,forexampleanautomaticstacker,andthedesignof
alogisticsnetwork,thefoundationswillbelaidforfutureindustrial
serialproductionoftheHTELstacksatgigawattscale.

Coordinator:Sunfire GmbH

3.7 HTEL modules – ready for gigawatt
High-temperatureelectrolyzerson 
an industrial scale 

Anelectrolyzerconsistsofthestacks,itscore,andperipheral
components.InaHTELmodule,HTELstacksofHTELcellsare
combinedwiththecomponentsforcarryingreactantandproduct
streams,includingthermalenergymanagementandelectricalpower
management.Throughmultiplication,modulescanbeconnected
toformscalableelectrolysisplants.Inordertobeabletoservethe
rapidlygrowingmarketforwaterelectrolyzerseconomically,the
partnersaredevelopingnewgenerationsofHTELmodulesthatcan
beproducedinlargequantitiesandataconsiderablylowermanu-
facturingcostthanthoseoftoday.Toachievethis,thescalability
ofthistechnologyisbeingoptimizedtoreducecoststhrough
economiesofscale(“designtocost”approach).Thecooperative

workonresearchanddevelopmenttopicsintheprojectaims
torealizeanewgenerationlarge-scaleHTELmodule,aswellas
correspondingproductionprocessesandoperatingstrategies.Asa
result,theprojectwillhelptoeconomicallyservethefast-growing
marketofwaterelectrolyzers.HTELtechnologycanproduce
hydrogenparticularlyefficientlyinapplicationsinwhichwater
vaporisavailableandtherebyeffectivelycontributetosavingCO2 
emissions.

Coordinator:Sunfire GmbH

© Sunfire GmbH© Sunfire GmbH

Scale-up projectsScale-up projects
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© Sunfire GmbH © thyssenkrupp nucera AG & Co. KGaA

3.9 INSTALL AWE
Industrializationofalkalinewaterelectrolysis

ThecollaborativeINSTALLAWEprojectisdrivingtheindustrialization
ofalkalinewaterelectrolysisforwardatvariouslevels.Thepartners
areconductingresearchintoacompletelynewstackandcell
developmentforthenexttechnologygenerationofalkaline
electrolysis.Thisnewcelldesignistobespeciallyoptimizedfor
producibility.Thepartnersaredevelopingtechnologiesforafully
automatedassemblingprocessofthestackandelectrolysismodule.
Bothproductionofcomponentsandassembly(thelatteriscurrently

stillmanual)willbeoptimizedusingrobotics.Inaddition,the
partnersareworkingonimprovingthesupplychaintomeetthe
requirementsofindustrialserialproduction.Theaimoftheproject
istohugelyincreaseelectrolysisproductioncapacitiesand,atthe
sametime,reducethemanufacturingcosts.

Coordinator:thyssenkrupp nucera AG & Co. KGaA

3.8 AEL4GW
Alkalineelectrolysisforthegigawattscale

Alkalinewaterelectrolysis(AELorAWE)isaparticularlymatureand
robusttechnology.However,therearestillnumerousunanswered
technologicalquestionsregardingthefurtherdevelopmentof
industrial-scalealkalineelectrolysismodules.Especiallyforindustrial
serialproduction,itisnecessarytorethinkthemodularityofthe
functionalcomponentsoftheelectrolyzeranddevelopproduction
processessuitableforthegigawattscale.TheAEL4GWproject
addressesthechallengeofdevelopinganewgenerationofalkaline
waterelectrolyzersfor30bar(g)operatingpressure.Thoseare
notonlymoreefficientthanthecurrentstateoftheart,butalso
enablecost-effectivelarge-scaleproduction.Examplesoftechnical
innovationsinthisprojectincludepowerfulandscalablecoating
technologiesforelectrodes,automatedprocessesformanufacturing
andjoiningseals,andthemodelingofelectrochemicalprocessesin
the cells.  

Inthefirstprojectstage,theconsortiumwilladapttheexisting
technology–namelythecell,stackandsystem–tothecurrent
requirementsanddevelopanewgenerationofalkalinewater
electrolyzers.Upscalingwillbeperformedbasedonthis,including
thedevelopmentofassociatedproductionandlogisticsprocesses.
Thenewconfigurationswillbevalidated.Processdevelopmentand
factoryplanningarecarriedoutuptothegigawattrange.Inthe
secondprojectstage,electrolyzersareinterconnectedtodevelop
andplanmulti-megawattelectrolysisplantsindetail.Takinglocation
factors into account, concepts for large plants to produce green 
hydrogenarebeingdevelopedbasedonanestablishedtechno-
logy.Theresultisacentralelementforhydrogenramp-upandthe
decarbonizationofimportantbranchesofindustry.
 
Coordinator:Sunfire GmbH

Scale-up projectsScale-up projects
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3.10 NCALab
Nucera assembly labforalkalineelectrolyzers

WhileINSTALLAWEdevelopsserialproductiontechnologiesforthe
medium-andlong-termrun-upofAWE,NCALabisworkingonshort-
termimplementationmeasures.Withintheshorttimeframeoftwoto
threeyears,theaimistoimproveprocessesthroughtargeteduseof
industrialautomationsolutionssothatongoingelectrolysisprojects
canalreadybenefitfromthem.Individualimprovementsandsemi-
automationwillleadtohigherthroughput,betterreproducibility,
andlowercostsinprocessesthatcurrentlyinvolvemanualcell

assembly.SupplementingINSTALL-AWE,theresultsofNCALabwill
concretizethefuturelarge-scaleassemblyofAWEcells.Furthermo-
re,informationisbeinggatheredabouttheachievabledegreeof
automationandreachableproductionkeyfigures.

Coordinator:thyssenkrupp nucera AG & Co. KGaA

© thyssenkrupp nucera AG & Co. KGaA
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Next-generation scale-up projectsNext-generation scale-up projects

Picture of the 150 kW test field with the installed WEW stack at the Research Center for Energy Storage Technologies in Goslar. © die drehen (diedrehen.de)

Alkaline water electrolysis is the longest established type of 
electrolysis.Itsadvantagesareahighdegreeoftechnicalmaturity
andlonglife.Nevertheless,thistechnologypresentsparticular
requirementsforaserialstackproduction.Fragilematerialswith
largecellareasmustbejoinedtogetherwithhighprecision.
Precision,apreconditionforhighreproducibilityandlowfailure
rate,isextremelyimportant,particularlysincelargeelectrolysis
plantsareneededtogeneratehugequantitiesofhydrogenat
acceptable prices. 

Theinvestmentcostsfortheheartoffuturewaterelectrolysis
plants,i.e.thestack,shouldbedrasticallyreducedbydeveloping
arevolutionarystackdesign,usinglow-costmaterialsandhighly
automatedproductionprocesses.Inordertoexperimentallytest
theshortstacksdevelopedandproducedintheStaRproject,a 
testfieldwassetupatClausthalUniversityofTechnologyin 
Goslar.Inthisself-developedtestfield,shortstackswithascaleof
1:1canbeinstalledandexaminedatpressuresofupto1.4bar(a), 
temperaturesofupto90°Candamaximumloadof150kW.Stacks
aretestedunderapplication-orientedconditionsthatinclude
commondisruptivefactorsanddynamicoperation.Previouswork
hasshownthatthenewstackdesigncombineslowmanufacturing
costswithacompetitiveefficiencylevelandoperationalflexibility.

Coordinator:WEW GmbH

4.1 StaR –  
Stack Revolution 
Innovativestackdesignfor
alkaline electrolysis 
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4.2 StacIE 
Scale-upforthePEMelectrolysisstack

The“StackScale-up–IndustrializationofPEMElectrolysis”pro-
ject,StacIEforshort,isdevelopingtechnologiestopreparemass
productioninthegigawattrangep.a.forPEMstacks.Thestackisthe
corecomponentinanelectrolyzer.Itconsistsofseveralelectrolysis
cellswhicharestackedontopofeachother.The’heart’ofeach
cellisthecatalyst-coatedmembrane,consistingofamembrane
coatedwithcatalystlayers,wheretheelectrochemicalreactions
takeplace.Incombinationwiththebipolarplatesandtheporous
transportlayers,thiscatalyst-coatedmembraneformstheelectro-
chemicalcell.StacIEisoptimizingtheinterplaybetweenthese
components,whichnaturallyinteractstronglywitheachother.
Theprojectisworkingtodevelopidealcombinationsthatarenot
onlycost-effectiveandefficient,butalsosuitableforindustrial
massproduction.StacIEisalsodevelopingnewprocessesformass
fabricationofthestackanditscomponents.Toprepareforlarge-

scaleserialproduction,severaldemonstratorsintestenvironments
havebeensetupandinstalled.Onecentralelementofinvestigation
intheelectrolysiscellisthetransferoffunctionalitiesoftheporous
transportlayertothebipolarplate.Thisenablesamorecompact
andlesscomplexsystemdesign.Alignedcombinationsofmaterial,
coatingandsubstratespermitanindustrialscaleproductionof
electrolysiscells.Furthermore,thecellbecomesmorerobustand
durable,whichleadstoasustainedreductionincosts.Theprovision
ofstacktechnologysuitableformassproductionandstandardization
atstackandstackcomponentlevelwillcontributesignificantly
totheindustrializationofPEMelectrolysis.Identifyingoptimum
componentpropertiesisapreconditionforpreparingthenecessary
availabilityinsupplychainsforexpectedlarge-serialdemands.

Coordinator:Schaeffler Technologies AG & Co. KG

© Schaeffler Technologies AG & Co. KG

AEMelectrolysis(AEM:anionexchangemembrane)isthemost
recentelectrolysistechnology.Itaimstocombinetheadvantages
ofPEMelectrolysiswiththoseofalkalineelectrolysis.Theformer
benefitsfromtheadvantagesofapolymermembrane,thelatter
fromthepossibilitytooperatewithoutexpensivepreciousmetals
ascatalysts.HY-CoreisworkingtoscaleupAEMtechnologyfrom
today’slaboratoryleveltomegawattapplications.Theentiresystem
willbeoptimizedforresilienceandoperationalstability.Amodular
structure,withthenumbering-upofmanysmallstacksthatcanbe
switchedinasneeded,providesforaparticularlyflexibleoperation

ofthemegawattelectrolyzer.Asaresult,thesystemisadaptable
tofluctuationsintheelectricitysupplyorhydrogendemand.With
AEMelectrolysis,large-scale,resource-friendly,andcost-efficient
generationofhydrogendirectlyattherenewableenergysourcewill
berealized.

Koordinator:Enapter AG

4.3 HY-Core
Scale-upofAEMelectrolysis

© Enapter AG

Next-generation scale-up projectsNext-generation scale-up projects
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IridiumisacrucialpartofthecatalystlayerinPEMelectrolyzers.By
extrapolatingtheplannedquantitiesofgreenhydrogenandassuming
thatalargeproportionwillbeproducedusingPEMtechnology,the
requirediridiumquantitiesreachthemagnitudeoftoday’sglobal
marketandoutreachesbyfarthepartialamountaccessibleforthe
PEMtechnology.Ofcourse,theiridiumfromelectrolyzerswillbe
recycledandreused.However,especiallyduringthePEMelectrolysis
ramp-upphase,sparingandefficientuseofthisraremetalisan
importantlevertoachievethedesiredgigawattcapacities.IRIDIOS
addressesthistopicfromboththematerialandthecomponent
perspective.Theprojectisbasedonsuccessfulworkfromaprevious
researchproject,wherethepartnersdevelopedmembraneelectrode
assemblies(MEAs)withlowiridiumcontentonalaboratoryandpilot

scale.WithinH2Giga,thepartnersareresearchingthefunctionality
andstabilitybehavioroftheselow-iridiumMEAsunderapplication-
relevantconditionsonthreescales:laboratory-scale,pilotscaleand,
finally,industrialscale.Projecttopicsarecomponentscaling,stack
testingandidentificationofoperatingeffectswithaccompanying
laboratorytests.Inalltheseareas,thetransitionfromlaboratory/pilot
scaletotheindustrial“megawattrange”willbecompletedwithin
IRIDIOS.Toultimatelyprepareforthegigawattexpansiontowards
2030,theproductionofcatalystsandMEAsisbeingdrivenforward.
Theentireprocesschainisbeingexaminedwithregardstoecological
aswellaseconomicimpacts.

Coordinator:Heraeus Deutschland GmbH & Co. KG

© Heraeus

4.4 IRIDIOS
Usingthepreciousmetaliridiummore
efficientlyinPEMelectrolysis

4.5 AEM-Direkt 
DirectcoatingofAEMmembranesfor 
large-scaleelectrolyzers

Thisprojectisdevotedtomaterialdevelopmentforthehighly
innovativeAEMelectrolysis(AEM:anionexchangemembrane).
AEM-Direktfocusesontechnologydevelopmentforcoating
membraneswithcatalystlayers.Thepartnersaretestingand
developingsuitablelow-cost,high-volumedirectcoatingmethods
fordepositingelectrocatalystsoncoatedmembranesandcurrent
collectors.Theyarecomparingvariousmethods,inparticular
gas-phaseprocesseswithcoatingmethodsfromtheliquidphase.
Examplesofgas-phaseprocessesincludesputtering,arcevaporation
andthermalspraycoating.Examplesofliquid-phasemethodsare
coatingwithparticle-basedpastesbymeansofabladeorslot

die,aswellaselectrochemicalorsolvothermaldeposition.The
projectisinitiallyaddressingkeyresearchissuesrelatingtothese
technologies,inordertothenlaunchfurtheractivitiesforlarger
cellareas.Thesewillstartfromasmallpilotscaleandleadtoan
industrialscalewithanactiveareaofaround5,000cm².Ideally,
AEMtechnologyshouldprovideameaningfulsupplementtotoday’s
electrolysistechnologiesandcombinetheadvantagesofPEM
 electrolysis with those of alkaline electrolysis. 

Coordinator:Siemens Energy Global GmbH & Co. KG 

Test facility for slot nozzles for direct coating of AEM membrane samples for 25 cm2 cells in the round-robin 

 experiments of AEM-Direkt. The two pictures on the right show two anode catalysts: nickel iron hydroxide with 

double layer structure (brown) and nickel hydroxide (green). The circles depict suction units.  

© Siemens Energy Global GmbH & Co. KG

Next-generation scale-up projectsNext-generation scale-up projects
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Theoxygenevolutionreactionattheanode–which,incombination
withthecathodeandtheseparator,formsthecoreofanelectrolysis
cell–hasasignificantinfluenceontheperformanceofalkaline
waterelectrolysis.Therefore,thePrometH2eus research focuses on 
theanodicside.Theprojectaimsfortheidentificationofhowthe
developmentofananodematerialmustbedesignedfromtheoutset
toensureanefficientandlong-termstableindustrialapplication
lateron,hence,bridgingfundamentalresearchwithappliedresearch
andapplication.Materialsynthesisissupportedbystate-of-the-art
operandoanalyticandsimulationmethods,whicharecontinuously
optimizedwithregardtotheirapplicationundertechnicallyrelevant
conditions.Followingthis,theupscalingmethodswillberefined
forpromisingmaterialcandidates.Theywillbeinitiallytestedon
alaboratoryscalewithanelectrodesizeof100cm2, focusing on 
technicallyrelevantmeasurementconditions.Thetechnicallymost
promisingmaterialcandidateswillbesubsequentlyprocessedto
prototypeelectrodesandvalidatedinindustrialteststands.

Inthisproject,atotalof26partnersfromindustryandscience
combinetheirexpertiseinsyntheticproceduresandanalytical
methods.Theknowledgegeneratedintheprojectwilladditionally 
bemadeavailabletothescientificcommunityforfutureresearch 
inaguidelineforapplication-orientedelectrodedevelopment.

Coordinator:RWTH Aachen University – Chair of Electrochemical 
Reaction Engineering

© Max Planck Institute for Chemical Energy Conversion 

©  Hahn-Schickard-Gesellschaft für angewandte Forschung e.V.

5.1 PrometH2eus
Application-orientedanodedevelopmentfor 
alkaline electrolysis

5.2 Fluorine-free membrane  
electrode assembly 
Researchfornext-generationelectrolysiscells
withoutfluorine-containingmaterials

Themembraneelectrodeassembly,orMEAforshort,isthe
heartoftheelectrolysiscell.InPEMelectrolysis,membranes
basedonperfluorosulfonicacids(PFSA)arecommonlyused.
ThismaterialcanbeenvisagedasPTFE(polytetrafluorethylene,
tradenamee.g.Teflon®)withattachedacidgroups.Thelatter
ensureprotonconductivity,whilethePTFE-backboneensures
mechanicalstabilityandintegrity.Perfluorosulfonicacidsalso
providehighchemicalstabilityandwithstandtheaggressive
conditionsintheelectrolysiscell.However,theyalsohave
disadvantages:thecomplexfluorinechemistrymakesthem
expensivetoproduce.Disposalorrecyclingofthemembrane
itselfortheadjacentcatalystlayersaremoredifficultdueto
thepresenceoffluorinatedmaterials.Therefore,adesirable
solutionwouldbeaproton-conductivemembranethatisnot
fluorinatedbutstilloffershighperformanceandlong-term
stability.The“Fluorfreie-MEA”projectresearchesanddevelops
suchmembranematerials.Thelatestmembranesbasedon
fluorine-freepolymershavealreadyshownpromisingresults.
TheyhavefarlowergaspermeabilitythanPFSAmembranes
andensurehighefficiencyinhydrogenproduction.Inthe
“Fluorfreie-MEA”project,partnersfromindustryandscience
develophigh-performancefluorine-freeMEAsusingscalable
technologies,thuscontributingtoefficientandlow-costnext-
generationwaterelectrolyzers.

Coordinator:Hahn-Schickard-Gesellschaft für angewandte 
 Forschung e.V. – Institute for Microanalysis Systems

Innovation pool: Material researchInnovation pool: Material research
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5.3 IREKA
Lessiridiumwithequivalentperformance 
inPEMelectrolysis

PEMelectrolyzersuseiridiumasacatalystontheanode,usuallyin
theformofiridiumoxide(IrO2).Thisrareandexpensiveprecious
metalhasoftenbeenregardedasunavoidableinsuchapplication
becauseofitsuniquestabilityagainstthehighlyacidicandoxidizing
conditionsinthecatalystlayeroveralongperiodoftime.Inviewof
themassiveramp-upthatisplannedforhydrogentechnologies,the
predicteddemandforPEMelectrolysiswillmakeupaconsiderable
proportionofthetotalglobaliridiummarket.Evenassumingthat
mostoftheiridiumisrecoveredafteruseintheelectrolyzer,such
highdemandisexpectedtoleadtoacorrespondingriseinprices.

InordertouselessiridiuminPEMelectrolysiswhilemaintaining
thesameperformanceandstability,theIREKAprojectisconducting
researchonnewcatalystmaterials.Theaimistoreducetheamount
ofiridiumonthePEManodewhilepreservingthecatalyticactivity.

Thiscanbeachieved,forexample,byusingsupportediridium
catalystswithparticularlyhomogeneouslydistributedcatalytically
activecenters.Asaresult,alargecatalyticallyactivesurfaceis
generatedwithaloweriridiumloading.Otherapproachesinclude
addinganadditionalmetal(e.g.throughalloyformation)and
specificallyimprovingthemorphology.Alternativesynthesisroutes
and the possibility of increasing corrosion stability by doping the 
carriermaterialarealsobeingresearched.Inadditiontodeveloping
materials,theIREKApartnersareworkingonmethodsformanu-
facturingnewcatalyticallyactivecoatings.

Coordinator:Leibniz Institute for Catalysis

© Heraeus © Forschungszentrum Jülich GmbH

5.4 HyThroughGen 
Accelerateddevelopment
cyclesforPEMelectrolysis
using high-throughput 
methods

Newmaterialsforelectrolysistypicallyhavedevelopmentcycles
ofupto10years.Inthefuture,theseprocessesneedtogofaster.
Tothisend,theHyThroughGenprojectresearchesanddevelops
high-throughputmethodsfortheevaluationofnewmaterialsand
keycellcomponentsinPEMelectrolysis.Researchisconductedon
membraneandelectrodematerialsandthemembraneelectrode
assembly,theheartoftheelectrolysiscell.Usinghigh-throughput
methods,thepartnerscreatemateriallibrariesandcomponent
librariesandcharacterizethematerialsbasedontheirperformance
andlong-termstability.Experiment,analysis,andsimulation
arecombinedsothatpromisingconfigurationscanbeidentified
andvalidatedparticularlyquickly.TheaimofHyThroughGenis
toevaluatenew,improvedmaterialsandcomponentsfortheir
 suitability in water electrolysis within two to three years, instead  
oftheusual10.

Coordinator:Forschungszentrum Jülich GmbH - Helmholtz Institute 
Erlangen-Nürnberg for Renewable Energy  

Innovation pool: Material researchInnovation pool: Material research
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5.5 AlFaKat
NewcatalystsforAEMelectrolysis

ThisprojectdevelopselectrochemicalcatalystsforAEMelectrolysis
(AEM:anionexchangemembrane).Inadditiontomaterialdevelop-
ment,theprojectfocusesonresearchintomanufacturingmethods
forlarge-scale,continuouscatalystproduction.PVD(physicalvapor
deposition)powdercoatingisthechosenmethod.Thisenables
theproductionofcore-shellcatalystsbyapplyingthecatalytically
activecomponentontoacarriersubstrate.Thecatalystsareturned
intoelectrodesandareultimatelyprocessedtoformmembrane
electrodeassemblies.Thosearetestedinindividualcellsunder
application-likeconditions.TheeasilyscalablePVDtechnology
combinedwiththeuseofnon-precioustransitionmetalsasan
activecomponentaimstofacilitatelow-cost,large-scalecatalyst
productionforAEMelectrolyzers.

Coordinator:The hydrogen and fuel cell center ZBT GmbH

© The hydrogen and fuel cell center ZBT GmbH

5.6 Degrad-El3
Degradationmechanismsandlifetimepredictionfor 
thevariouselectrolysistechnologies

Electrolysiscellsshouldnotonlyproducehydrogenefficiently,but
alsobestableoveraverylongperiodofoperation(10-15years). 
However,materialtestsunderrealconditionsoversuchalong
periodareextremelytime-consumingandnotstraightforward.Asan
alternativestrategytoareal-timetest,anacceleratedtestprocedure
mighthelptoidentifysomedegradationmechanismswithinashort
period(e.g.1.000h)sothatexpectedlifeofcertainmaterialscanbe
predictedwithareliableaccuracy.Inthatcontext,theDegrad-El3
projectaimsatinvestigatingthecorrelationbetweensome
degradationmechanismsandtheexpectedlong-termperformance
ofthethreeelectrolysistechnologies–PEM,alkalineandhigh-
temperature.Acceleratedexperimentalstressproceduresinclude
chemicalandelectrochemicaltestsofmaterialsandcomponents
underaggressiveconditionsinchemicalsolutions,singlecellsand

shortstacks.Someagingprotocolsreflectparticularstepsduring
electrolyzeroperationsuchasstartup/shutdown,dynamicbehavior,
failureandcontaminatedwater.Systematicin-situandpost-test
analysisarecarriedoutforprovidingrelevantinformationabout
thevariousdegradationmechanisms.Inadditiontotheexperi-
mentalwork,artificialneuronalnetworks,quantumcomputing
andhybridmachine-learningmethodshavebeenimplementedfor
analyzingtheexperimentaldatapoolandpredictingthelifetimeof
somecriticalcompoundsregardingtoaspecificdegradationmode.
Moreover,theDegrad-El3projectresultsshouldcontributetoa
fasterdevelopmentofmoreefficientandstablematerialsforwater
electrolysis processes.  

Coordinator:DECHEMA Research Institute

© DECHEMA Research Institute

Innovation pool: Lifetime & cell testsInnovation pool: Material research
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Innovation pool: Recycling

5.7 ReNaRe
Recycling–sustainableuseofresources

Electrolyzersdonotrunforever,andwhathappensattheendof
theirlifeisthesubjectoftheReNaReproject.Thepartnersare
developingtechnologiestorecyclePEMandhightemperature
electrolyzersbydismantlingthestacksandseparatingthe
components/materials.Technologicalapproachesfromthefields
offunctionalmaterials,automateddisassembly,mechanicaland
sensor-basedrecycling,andmetallurgyarecombined.Together,
partnersfromresearchandindustryprovidethemissinglink
betweentheend-of-lifephaseandthesynthesisofnewmaterials
tokeepvaluableandcriticalrawmaterialsinaclosed-loopmaterial
cycle.Asuitableprocessschemewillbedevelopedfortheabove-
mentionedelectrolysistechnologies,whichinprincipleallows
recycling on a technical scale. In order to be able to respond to 

currentandfuturetechnologicaldevelopments,thisprocessscheme
shouldalsobesufficientlyadaptable.Technologyassessmentsinthe
formoflifecycleandtechno-economicanalyseswillbecarriedout
toprovidequantitativedataonthebenefitsofrecyclingintermsof
sustainabilityandcostefficiency.

Coordinator:TU Bergakademie Freiberg – Institute of Mechanical 
Process Engineering and Processing Technology

© Dominik Goes (KIT)

Innovation pool: Manufacturing technologies 

5.8 FRHY
Reference factory for high-rate-capable  
electrolyzerproduction

Thereferencefactorydesignssolutionsforthelarge-scale
productionofPEMelectrolyzers.Tothisend,newproductionand
testmodulesarebeingdeveloped.Inparallel,thecorresponding
digitalimagesarecreated,whicharethenlinkedinacentralvirtual
architecture.Theresultisatechnologykitinwhichindividual
processescanbedirectlycomparedintermsofproductionquality,
scalabilityandcosts.Thismodularsystemcanbeusedtocompile
andcompareproductvariantsfromtheindividualprocesssteps
rightuptotheentirevaluechain.Asaresult,itispossibleto
comparestrategiesonparallelization,automationandproduction
depthandestablishabasisfordecision-making.Thereby,notonly
caninvestmentcostsbevalidated,butalsostatementsabout
returnsoninvestment,basedontheplannedproductionquantity.

Thekitfacilitatesthemanufacturingtechnologydesignofindividual
cellcomponents,e.g.thecatalyst-coatedmembraneandbipolar

plate.Thesecomponentshavebeencombinedinaninnovative
cellandstackdesign.Areferencestackhasbeenassembledtotest
andvalidatethenewdevelopmentsandtheirinteractionwitheach
other.Thereferencestackisbasedoncomponentsthatcanbe
producedusinghigh-ratecapablemethods.Thisincludesroll-to-roll
processesformembranecoating(inkjet)andformingbipolarplates
byrolling.Theprojectthusmakesanimportantcontributionto
enablingscalable,cost-optimized,continuousproductionprocesses,
aswellassignificantlyimprovingtechnicalandeconomicproduct
properties.

Coordinator:Fraunhofer Institute for Machine Tools and Forming 
Technology (IWU)

© Fraunhofer Institute for Machine Tools and Forming Technology (IWU)
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Scalable system for the production of hydrogen electrolysis stacks © Ruhr University Bochum – Faculty of Mechanical Engineering – Chair for Production Systems

5.9 FertiRob 
Manufacturingandrobotics

Theserialproductionofelectrolyzersrequirestechnologiesthat
enablea(partially)automatedassemblyoftheproducedunits.The
FertiRobprojectdevelopssolutionsforthis.Itconsidersnotonlythe
physicalcomponents,e.g.thestructureofdifferentdemonstration
plantsforvarioustechnicalsubprocesses,butalsothedigitalaspects
ofaproductionplant.Plantdesignissupportedbyamodule-based
approachwiththeaidofaconfigurator.Bothadigitalproducttwin
and a plant twin are created. These can be enriched with real data 
duringoperation,whichsupportsqualityassuranceandtracking.
Theuseofdigitaltwinsprovidesamaterial-andcost-savingway

ofachievingparticularlyrapidresults.Inthisway,acomplete
architectureforascalableplantcanbecreatedandvirtuallytested
before the costly building of the hardware begins. The  technologies 
developedinFertiRobshouldhelptoincreasetheproduction
volumeofkeyassembliesthroughautomation.

Coordinator:Ruhr University Bochum – Faculty of Mechanical 
Engineering – Chair for Production Systems

Innovation pool: Manufacturing technologies Innovation pool: Manufacturing technologies 

© Ruhr University Bochum – Faculty of Mechanical Engineering – Chair for Production Systems

5.10 HyPLANT100
Boostingefficiencyintheplanningandproductionof
large-scale electrolysis plants

TheHyPLANT100projectresearchesanddevelopsoptimizedand
automatedprocessesfortheconstructionoflargeelectrolysis
plants.InH2Giga,theHyPLANT100projectclosesthegapbetween
thedevelopmentandproductionofbasicelectrolysisunits–the
smallestmodules–andthecomplete,large-scaleelectrolysis
systemreadyforoperationattheinstallationsite.Therelevantbasic
electrolysisunitsarefirstputtogethertoformmodularassemblies,
so-calledskids,ina(partially)automatedpreproductionstep.
Researchherefocusesonidentifyingprocessesinwhichroboticscan
bedeployed,alsointhecontextofahuman-machinecollaboration
(HMC).Afurtherobjectiveistodigitizeandprovideintelligent
supportfortheassemblyprocessesbymeansofsensors,controllers
andmobilerobotics.Thisincludesthepreassemblyoftheskidsand
installationattheconstructionsiteandaimstoenableautomatic
documentationoftheassemblyprogressandqualityinformation,
forexample.

Theseskidsarethencombinedtoformacompletesystemonthe
constructionsite.Theaimofmodularizationistomakeitpossible

tovarythesystemconfiguration,suchasthetotaloutputorthe
underlyingconditionsforinstallationandoperation.Thiswillallow
thespecificrequirementsofthelocationtobemet.Particular
emphasisisplacedonthelowestpossiblelandsealingandthusa
space-optimizedstructure.

Acrosstheentirescope–fromskidassemblytothecomplete
system–thepartnersareworkingontheoverarchingissuesof
standardizationandqualification.Withregardtostandardization,
thepartnersaredevelopingstandardizationrecommendationsfor
components,processesandinterfaces.Theseenableareduction
ininstallationeffortandcostsandachieveopennessinterms
ofmanufacturersandtechnologies.Regardingqualification,the
partnersareidentifyingtrainingcontentandformatstotrain 
expertsandpreparethemforthechallengesofthehydrogen 
sector.

Coordinator:Entwicklungsagentur Region Heide AöR
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5.11 SYSTOGEN100 
Completeorchestrationofsystemcomponentsfor 
anefficientgreenhydrogeninfrastructure

Itisnotonlytheamountofelectricalenergythatplaysanimportant
roleinthesustainableenergysystemofthefuture,butalso
whenandwherethisenergyisavailableorrequired.Intelligent,
large-scalesolutionsforafluctuatinggreen-electricitysupply
areneededandmustbereconciledwiththetimelymeetingof
demandforhydrogen-basedenergyproducts.SYSTOGEN100aims
atorchestratingenergysystemswithelectrolyzerstoimprovethe
efficiencyofthehydrogeneconomy.

Inthisproject,asoftwareplatformisbeingdevelopedtoorchestrate
large-scaleelectrolyzersandothercomponentsinmodernenergy
systems.Thisenablestheiroptimizedoperationanddesign,also
payingattentiontoenvironmentalcompatibility,gridsecurity
andeconomicefficiency.Theoptimizationisalsodependentona
numberofexternalfactorsandparameters,suchasweatherfore-
casts,load,feedorpricepredictionscombinedwithreal-timefield
informationlikemeasurementdata.Allthisinformationisintegrated
andprocessedbythesoftwareplatformFichtnerEDDIEwhichisthe
centraldatahubinSYSTOGEN100.

Furthermore,SYSTOGEN100isdevelopingacapitalmarkettool
whichwillenabledynamicriskmodelingforlong-terminvest-
mentdecisions.Thisaddressesanimportantsteponthewaytoa
hydrogeneconomybycreatingtransparencyandsupportingprivate
investorsintheirinvestmentdecisions.

SYSTOGEN100isalsocompilingrecommendationsofactioninthe
legalcontextfortheenergysystemtransformation.Thiswillensure
thattechnicallyandoperationallyoptimizedsystemsolutionsdonot
failduetothelegalframework.

Coordinator:Entwicklungsagentur Region Heide AöR, Fichtner IT 
Consulting GmbH

© Entwicklungsagentur Region Heide AöR

Innovation pool: Digitization 
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Innovation pool: Interface technologies 

© Technical University Dresden – Institute for  Automation Technology (IfA)

 Scalable +  Flexible  →  Modular

Innovation pool: Digitization 

5.13 HyLeiT 
Cost-optimizedsystemtechnologyandgridintegrationof
systemsforthegenerationofgreenhydrogen

Potentialsforsignificantefficiencyimprovementslienotjustinthe
electrolyzeritselfbutalsoinadjacentcomponents.Theconnection
of the electrolysis plant to the power grid and electrical energy 
conversionbetweenthepowergridandtheelectrolysisstackplay
animportantrolehere.TheHyLeiTprojectworksonelectrical
systemtechnologyofelectrolysisplants,focusingonconverter
technologyasthelinkbetweengridandelectrolyzer.Theproject
aimstoachieveasignificantcostreductioninpowerelectronics,
andtoimprovethedirect-currentqualityattheelectrolyzer,which
inturnhasapositiveimpactonreliabilityandlifetimeofthestacks.
Afurtheraimistheprovisionofsystemservicesfortheelectricity
gridduringoperationoftheelectrolysisplant.Thepartnersare
researchinganddevelopinganadaptedandoptimizedconverter
technologyusingpowersemiconductorsoptimizedforspecific
applications.Thecostreductiontargetswillbeachievedprimarily
byleveragingexperienceandsolutionsfromlarge-volumedevice
productioninthephotovoltaicindustryandsignificantlyincreasing

thepowerdensitywithstate-of-the-artpowersemiconductors
andtopologies.Atthesametime,comprehensivesystemservices
aretobeexploitedandreliabilitymaximized.Afurtherapproach
usesnewcircuittopologieswithSiCsemiconductors(SiC:silicon
carbide)forelectrolysisrectifierstoachievethestatedaims.Real-
time-capablesimulationmodelsofthepowergridandelectrolysis
stacksarecreatedtotestandoptimizetheconvertersinthesystem
context.Thesemodelsarethenfedintoa“powerhardwareinthe
loop”platformtotesttheconverterdesignsundervariousgrid
conditionsandstackconfigurations.Thefocusisontheinter-
actionoftheconverterwithboththeelectrolysisstackandthe
powergrid.Scenariosforoperatingtheplantsingridswithhigh
sharesofrenewableenergiesareextremelyimportanthere.In
ordertoincreaseefficiencyandreliability,theelectricalconnection
technologyinelectrolyzerrectifiersisbeingoptimizedaswell,by
particularlyfocusingonthethermaldesignandtestsoncontactand
long-termbehavior.Developmentsareaccompaniedbyinvestiga-
tionsonnewprotectionconceptsfortheelectricalsystemtechno-
logy.Faultsmustbereliablydetectedandindependentlyclarified,
wherebyanincreasedsystemrobustnessisachieved.

Coordinator:Fraunhofer Institute for Energy Economics and Energy 
System Technology (IEE)

© Fraunhofer Institute for Energy Economics and Energy System Technology (IEE)

5.12 eModule
Modularconceptsfortheoperationand
automationoflargeelectrolysisplants

Anelectrolysisplantalwaysinteractswithitsoperationalenviron-
ment.Plantsthatgeneratehydrogenlocallyandflexiblyinthe
directvicinityofconsumersmustbeabletorespondtodynamic
time-andlocation-basedrequirements.Tothisend,theeModule
projectresearchesanddevelopsconceptsthataddresshowthe
modularandscalableoperationofelectrolyzerscanbesupported
throughanappropriateautomation.Newprocesscontrolconcepts
arebeingdrawnupfortheoptimization,scaling,andintegrationof
electrolyzersintooneplant.Digitaltwinsoftheseplantsarebeing
createdandtheirefficiencyoptimizedthroughknowledge-and
data-basedmethods.Thisworkisverycloselyinterconnectedtothe
modelingandsimulationofthebehaviorofaplantwithapower
inputgreaterthan100MWasareferenceplant.Thebehaviorofthe
entirevaluechainismapped.TheeModuleprojectaimstodevelop
amanufacturer-,process-andlargelytechnology-independent

descriptionstandardforwaterelectrolyzers.Theintentionisforit
tobepossibletoidentifypotentialweakpointsinindustrial-scale
plantsinadvance.Thiswillenableplantstobeintegratedintothe
power grid without  unnecessary test loops and green hydrogen to 
beproducedinanenergy-optimizedmanner.

Coordinator:Technical University Dresden – Institute for 
 Automation Technology (IfA)
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5.14 FluCoM – Fluid Condition Monitoring 
Purificationandmonitoringofprocesswater 
intheelectrolyzer

Electrolyzerssplitwaterintoitselementshydrogenandoxygen.
Thiswaterisinitiallyintroducedintothesystemfromtheoutside,
butisthencirculateduntilitisconsumed.Whilecirculating,this
water–theso-calledprocesswater–isincontactwithelectrolyzer
components,suchastheelectrolysiscell,pipes,orpumps.Thiscan
leadtoprocesswatercontaminationandimpairtheelectrolyzer’s
operation.Thebest-knownimpuritiesthathavebeenfoundtocause
disruptionsaremetalions.Theirconcentrationcanbeconstantly
monitoredbasedontheconductivityoftheprocesswater.Silicon
and silica gel acids can also enter the process water cycle and cause 
adverseeffects.Alternativemonitoringmethodsareneededfor
thesesubstancesandarebeingdevelopedinthisproject.FluCoMis
examiningtheeffectsofvariouswaterqualitiesontheeffectiveness
ofthepurificationsystems.Theprojectisdevelopingcontaminant-
specificmonitoringmethodsfortheprocesswaterinputstream.
Onekeyprojectobjectiveistodetectandidentifycontaminants
anddefinetheminimumqualitiesrequiredforsafeoperationofthe
electrolyzer.Thiswillcontributetoreliablehydrogenproduction
overalonglifespanoftheelectrolyzer.

Coordinator:TEC4FUELS GmbH
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ABBAG
AdvancedTrainingTechnologiesGmbH
AlantumEuropeGmbH
UniversityofFreiburg–DepartmentofMicrosystemsEngineering
AUDIAG
AUTOMATIONW+RGmbH
AutoprocGmbH&Co.KG
BIAS–InstituteofAppliedBeamTechnology
BollAutomationGmbH
KielUniversity–InstituteofInorganicChemistry
DBI–GastechnologischesInstitutgGmbHFreiberg
DBIGas-undUmwelttechnikGmbH
DeNoraDeutschlandGmbH
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DECHEMASocietyforChemicalEngineeringandBiotechnology
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GermanAerospaceCenter(DLR)–InstituteofNetworkedEnergy
Systems
EIFER–EuropeanInstituteforEnergyResearch
EKSInTecGmbH
EnapterGmbH
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WestCoastUniversityofAppliedSciences
FestGmbH
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InstituteforIndustrialManagement(FIR)
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ForschungszentrumJülichGmbH–InstituteofEnergyandClimate
Research(IEK)
FraunhoferResearchInstitutionforEnergyInfrastructuresandGeo-
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FraunhoferInstituteforElectronicNanoSystems(ENAS)
FraunhoferInstituteforEnergyEconomicsandEnergySystemTech-
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FraunhoferInstituteforFactoryOperationandAutomation(IFF)
FraunhoferInstituteforManufacturingTechnologyandAdvanced
Materials(IFAM)
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FraunhoferInstituteforCeramicTechnologiesandSystems(IKTS)
FraunhoferInstituteforMicrostructureofMaterials 
andSystems(IMWS)
FraunhoferInstituteforManufacturingEngineeringand 
Automation(IPA)
FraunhoferInstituteforProductionTechnology(IPT)
FraunhoferInstituteforSolarEnergySystems(ISE)
FraunhoferInstituteforEnvironmental,SafetyandEnergy 
Technology(UMSICHT)
FraunhoferInstituteforMachineToolsandForming 
Technology(IWU)
FrenzelitGmbH
Friedrich-Alexander-UniversitätErlangen-Nürnberg–Department 
ofChemistryandPharmacy
FUMATECHBWTGmbH
H-TECSYSTEMSGmbH
HAFF-DichtungenGmbH
Hahn-Schickard-GesellschaftfürangewandteForschunge.V.
Helmholtz-ZentrumDresden–Rossendorfe.V.–HelmholtzInstitute
FreibergforResourceTechnology(HIF)
Helmholtz-ZentrumDresden-Rossendorfe.V.
HelmutSchmidtUniversity–UniversitätderBundeswehrHamburg–
InstitutfürAutomatisierungstechnik
HeraeusPreciousMetalsGmbH&Co.KG
HochschuleBonn-Rhein-Sieg–Departementofelectricaland 
mechanicalengineeringandtechnicaljournalism(EMT)
Rhine-WaalUniversityofAppliedSciences–Facultyof 
CommunicationandEnvironment
HoedtkeGmbH&Co.KG
HoellerElectrolyzerGmbH
HORIBAFuelConGmbH
HYPIONGmbH
IBGAutomationGmbH
IBGTechnologyHansestadtLübeckGmbH
imkIndustrialIntelligenceGmbH
InfineonTechnologiesAGFOPRDFO
inproInnovationsgesellschaftfürfortgeschritteneProduktions- 
systemeinderFahrzeugindustriembH
ISRAVISIONAG
ITMLindeElectrolysisGmbH
ITMPowerGmbH

J.SchmalzGmbH
KarlsruheInstituteofTechnology(KIT)–InstituteforAppliedMate-
rials-ElectrochemicalTechnologies(IAM-ET)
KarlsruheInstituteofTechnology(KIT)–wbkInstituteof 
ProductionScience
KCSEuropeGmbH
keepitgreengmbh
KERAFOLKeramischeFolienGmbH&Co.KG
KontronAISGmbH
LeibnizUniversityHannover–InstituteofElectricPowerSystems
LeibnizInstituteforCatalysis(LIKATRostock)
let'sdevGmbH&Co.KG
Linde Engineering
LindeGmbH
Main-AutomationGmbH
MANEnergySolutionsSE
MaxPlanckInstituteforChemicalEnergyConversion
MaxPlanckInstituteforChemicalPhysicsofSolids
Max-Planck-InstitutfürEisenforschung
Max-Planck-InstitutfürKohlenforschung
meteolytixGmbH
OFFISe.V.
Öko-Institute.V.InstituteforAppliedEcology
OTHRegensburg–FacultyofMechanicalEngineering
RWTHAachenUniversity–AachenerVerfahrenstechnik
RWTHAachenUniversity–SurfaceEngineeringInstitute(IOT)
RWTHAachenUniversity–WeldingandJoiningInstitute
RWTHAachenUniversity–InstituteofTechnicalund 
MacromolecularChemistry
RWTHAachenUniversity–ElectrochemicalReactionEngineering
RWTHAachenUniversity–MetallurgicalProcessEngineeringand
MetalRecycling(IME)
RIFInstitutfürForschungundTransfere.V.–AbteilungProduktions-
automatisierung
RobertBoschGmbHBMC/INS
RuhrUniversityBochum–ChairofAnalyticalChemistryandCenter
ofElectrochemicalScience
RuhrUniversityBochum–FacultyofMechanicalEngineering–
ChairforProductionSystems
SchaefflerTechnologiesAG&Co.KG
SemodiaGmbH

SiemensEnergyGlobalGmbH&Co.KG
SMASolarTechnologyAG
SunFireGmbH
TachyconGmbH
TC-HydraulikGmbH
TEC4FUELSGmbH
TechnischeUniversitätBergakademieFreiberg–Instituteof 
MechanicsandFluidDynamics
TechnischeUniversitätBergakademieFreiberg–Institutefor 
MechanicalProcessEngineeringandMineralProcessing
TechnischeUniversitätBerlin–InstituteofChemistry
TechnischeUniversitätCarolo-WilhelminazuBraunschweig– 
InstituteofMachineToolsandProductionTechnology
ClausthalUniversityofTechnology(TUC)–ResearchCenterEnergy
StorageTechnologies(EST)
TechnicalUniversityofDarmstadt–Ernst-Berl-Institutfür 
TechnischeundMakromolekulareChemie
TechnicalUniversityDresden–InstituteforAutomationTechnology
(IfA)
HamburgUniversityofTechnology(TUHH)–InstituteofAircraft
ProductionTechnology(IFPT)
TechnischeUniversitätIlmenau–InstituteofMaterialsScienceand
Engineering
TechnicalUniversityofMunich(TUM)–TheCampusStraubingfor
BiotechnologyandSustainability
TechnicalUniversityofMunich(TUM)–Departmentof 
Mechanical Engineering
thyssenkruppnuceraAG&Co.KGaA
TÜVRheinlandIndustrieServiceGmbH
UmicoreAG&Co.KG
UniversityofBayreuth
UniversityofDuisburg-Essen(UDE)–Verfahrenstechnikelektro-
chemischerFunktionsmaterialien
VAFGesellschaftfürVerkettungsanlagen,Automations- 
einrichtungenundFördertechnikmbH
VerbandDeutscherMaschinen-undAnlagenbaue.V.(VDMA)
WEWGmbH
XENONAutomatisierungstechnikGmbH
ThehydrogenandfuelcellcenterZBTGmbH
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