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4KeyStatements

Key Statements

Current geopolitical disruptions raise awareness that the diversification of energy supply 
chains is crucial for ensuring energy security in Europe. This includes (1) the diversification of 
energy (in particular natural gas and in perspective green hydrogen) suppliers, (2) the re-design 
of supply and recycling chains for critical raw materials with reliable partners and renewable 
energy technologies and (3) re-establishing vertically integrated value chains for sustainable 
technologies in Germany and Europe. 

Energysecuritymustgohand inhandwithclimateneutrality.Thisrequiresasignificantaccel-
erationoftheimplementationofgreentechnologiesinallsectors,amassiveramp-upofPVand
wind,andasignificantexpansionofthegrid.Astheclimategoalscannotbemetwiththecurrent
expansionstrategyforrenewableenergyproduction,overhaulingandharmonizingtheregulatory
frameworkwillbeessential.

Greenhydrogenanditsderivativesareexpectedtosupplyapproximately1/5ofthefinalenergy
worldwide in 2050. Through research and innovation Germany can strengthen its position as
thetechnologyleaderinthefield.Germanywillrelyonenergyimports,inparticularforH2.This
requireswiselyselectedstrategicinternationalpartnershipswithkeycountriesandareductionof
dependencieswithcountriesledbyauthoritariangovernmentsinthelongterm.  Figure1sum-
marizesthekeyelementsforenhancingenergysecurityinGermany.
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Figure 1: KeyelementsforenhancingEnergySecurityinGermany
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1. Motivation

The rapid escalation of the climate crisis, the ongoing pandemic and the disruptive effects of 
Russia’s unprovoked, unjustified war against Ukraine are leading to fundamental geopolitical 
and economic changes and a re-assessment of Germaný s and the European Union’s energy 
policy and security.

Inordertoimprovetheresilienceoftheenergysystemintheshort-,medium-andlong-term,the
EUplanstodiversifytheenergymix,energyfuels,sourcesandroutes.Thenewgeopoliticaland
energymarket reality requires theEU todrasticallyaccelerate thecleanenergy transitionand
increaseEurope’senergyindependencefromunreliablesuppliersandvolatilefossilfuels.

Measurestoenhanceenergysecurityshouldbeconsistentwithclimatepolicy.Theenergycrisis
cannotpostponetheClimateAgendaasdecisionsintheseareasareinterdependent.Theclimate
crisis aggravates the energy crisis and every decision that deviates from the intended climate
goalsbringsirreversibleclimatechangecloser.Forexample,thisyearthereisasignificantreduc-
tioninthegenerationofhydropowerplantsduetothedrought,whichinturnleadstoanincrease
ingasuseforelectricitygeneration,comparedtolastyear.Droughtalsoaffectscoalpowerplants
(intermsofdelivery)andnuclearpowerplants(intermsofwateruseintheproductionprocess).
Itisalsoaffectedtheindustryintermsofthedeliveryofrawmaterialsandproductsduetolow
waterlevelsintherivers.

SuccessfulachievementofclimategoalsrequiresacollectiveEuropeaneffortbasedonjointcom-
mitmentsandsolidarity.ElectricitymarketintegrationacrosstheEUMemberStateswillbekeyto
pursuingpowersectordecarbonisationatalowercost.

ThispaperprovidesanoverviewofthecurrentenergysituationinGermanyandEuropeandhigh-
lightskeymeasuresforasuccessfulenergytransitioninviewoftheglobalenergycrisis.
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2. Current Situation in Germany

The public net electricity generation in Germany in 2021 was 495 TWh (has increased by 2.5 % 
compared to 2020 and approached pre-COVID 547 TWh in 2018) – thereof 228 TWh (46 %; down 
from the 2020’s 50 %) was generated by renewables, 146 TWh (30 %) by coal, 52 TWh (11 %) by 
gas and 65 TWh (12 %) by nuclear sources 1. Despite the increase in power generation, the share 
of renewables in the power mix shrank in 2021 due to low wind power production, while coal 
power made a comeback. Coal power consumption increased noticeably, with both hard coal 
and lignite use increasing by about 24 %. Therefore, the greenhouse gas emission rate in 2021 
was higher than in 2020, and emission levels in 2022 are expected to be no less due to replacing 
gas-fired power plants with coal-fired power plants. 

Inthefirsthalfof2022publicnetelectricitygenerationinGermanywas252GWh,comparedto
246GWhinthefirsthalfof2021.Renewablesamountedto130GWh,or51.8 %(116GWhor47 %
in2021);nuclearhadashareof16GWhor6.6 %(32GWh,13 %in2021);gasamountedto24GWh
or9.4 %(30GWh,12 %in2021);coalamountedto78GWhor31 %(comparedto66GWhor27%
in2021).Inconclusion,renewablegenerationisincreasing,whilegasforelectricitygenerationis
replacedwithcoal.

The targets in thecurrentEUandGermanpolicydocumentsdidnot considerRussia’s sudden
cut-offofenergysupplies.Theneedtoreplacesuchenergyresourcesisakeychallengetomeeting
thetargets,includingachievingclimateneutrality.

In2021,fossilfuelsprovidealmost80 %ofGermany’stotalprimaryenergydemand.Germany’s
dependenceonRussiawassignificant:55 %ofgas,34 %ofoil,and53 %ofhardcoalwereprovided
byRussia.

Sincediversificationisoneofthekeymeasurestostrengthenenergysecurity,Germanyshouldbe
fullyawareofwhereelsewemayhaveweaknessesintermsofthesupplyofenergy,rawmaterials,
andproducts.

Astooil,theU.S.provided12.5 %,Kazakhstan9.8 %andNorway9.6 %.Intotal,30countriesprovided
crudeoiltoGermany,ensuringaratherdiversifiedsupply.BesidesRussia,coalsuppliesincludethe
UnitedStates (18.3 %)andAustralia (12.3 %)2.Renewabletechnologiesandbatteriesrequirecer-
tainmetalsfortheirproduction,suchascobalt,lithium,andrareearthelements.Chinahasmining
accesstoandisthemainglobalsupplieroftwo-thirdsofcriticalmaterialsfortheindustry 3.Ger-
manywillhavetorethinkitsenergydiplomacy,and,insomeareas,thisshouldbedoneinadvance,
inparticularwithregardtosupplychainsofrenewableenergy-relatedgoodsandtechnologies.

1 PublicnetelectricitygenerationinGermanyin2021.Energy-charts.info
2 CleanEnergyWire
3 CriticalRawMaterialsforStrategicTechnologiesandSectorsintheEU–AForesightStudy
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3. Key Challenges for the Energy System

The transition to a sustainable economy necessitates the use of green energy, with photovol-
taics and wind becoming the main pillars. Hence this green transformation is going to hinge 
on the generation of green electricity and its storage and conversion into H2-based fuels and 
chemicals in the long-term perspective. The dominant role of PV and wind energy is reflected 
in the current goals of the German government.

Germany’smainclimatepolicymilestonesincludeareductionof65 %ingreenhousegasemis-
sionsby2030,77 %by2035,90 %by2040andreachinggreenhouse-gasneutralityby2045.Along
with80 %ofrenewablesinthepowermixby2030,withspecificgoalsoftheGermangovernment
foraninstalledcapacityof215GWofsolar,115GWofonshorewindand30GWofoffshorewind
( Figure2a).

IfGermanysuccessfullyfulfilstheplans,electricitygenerationfromrenewableenergywillbe352
TWhalreadyin2025(in2021itwas228TWh)andin2035netelectricitygenerationfromrenewa-
bleswillbe845TWh4( Figure2b).

4 AgoraEnergiewende,PrognosAG,ConsentecGmbH(2022).KlimaneutralesStromsystem2035
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The levelof futureelectricitydemand isakeydriver forthenecessaryexpansionof renewable
energiesandtheelectricitysystemasawhole.AccordingtoAgoraEnergiewende’sstudy“Climate
neutralpowersystem2035”fromAugust2022theincreasingelectrificationofindustry,transport
andbuildings,aswellashydrogenproduction,willraisetheelectricityconsumptiontoaround
725TWhby2030(  Figure3).Theelectrificationof thesesectorssignificantlyreducesGerman
greenhousegasemissionsinaclimate-neutralelectricitysystem.

Figure 3:ProjectedgrosselectricityconsumptioninGermany 4

Ambitiousgoalsrequiremassiveactions.AndtodayGermanymustactnotonlyinaccordancewith
itsadoptedplansbutalsoinresponsetothechallengesoftheglobalenergycrisis.Alongtheway,
Germanyhastoreviewitsenergypolicyofrecentdecadesandlearn lessonsforthefuture.The
mostpressingissueintheshorttermisthesubstitutionofRussiannaturalgaswithalternativegas
resources.Inthemediumterm,amassivedeploymentofrenewablecapacitiesmustberealized,
whileensuringgridflexibility.Third,Germanyhastobuildthefoundationsfortheintegrationof
H2asakeyelement for theenergy transition, inorder toestablisha fullyoperationalhydrogen
economyasaprerequisiteforindustryemissionsreduction,especiallyinhard-to-abatesectorsin
thelongterm.Lastbutnotleast,thereisthechallengeofdiversificationof(1)energy,(2)rawmate-
rials,(3)productsandtechnologies(creationofthedomesticvaluechainsorbeingapartofexisting
ones),and(4)supplierswithpreferencetothepartnershipswithshareddemocraticvaluesandgov-
erningtraditions.Andherethereishighcompetitionintheworldforreliable,long-timecontracts.

Leadersintechnologicalinnovationarepositionedtogainthemostfromtheglobalenergytrans-
formation5.This representsanopportunity forGermany tobecomea technology leader in the
hydrogenindustry.

5 InternationalRenewableEnergyAgency(IRENA),2019.ANewWorld.TheGeopoliticsoftheEnergyTransformation.
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4. Measures to enhance Energy Security

All measures below are arranged from short-term to long-term and are divided to into three 
basic categories: (1) measures to reduce or/and electrify demand, (2) measures to increase the 
flexibility of the electricity system and (3) measures that are needed to create preconditions 
for the deployment of new technologies in the future. Paths with an existing value chain are 
most feasible to implement; paths based on emerging technologies require substantial finan-
cial, social and political support. Innovation and technology development are key drivers of 
fulfilling the measures.

4.1 Natural gas

SincegaswillremainoneoftheprominentenergysourcesinGermany,thefirstmeasurewould
betoreplacethegascounterparty.Withlessonslearnedthereshouldbedifferentpartiesfrom
differentreliablecountrieswithvariousroutesofsupply.Thenextstepisnewinfrastructure–LNG
terminalsandnewpipelines(withthepossibilityoffuturerepurposing).Themeasuresbeloware
aimedatreducingdemandanddeploymentofnewtechnologies.

Fill up pump gas storage

Asof27.11.2022gasstorageloadlevelis98 % 6.ThisyearGermanyhassuccessfullypreparedgas
reservesfortheupcomingwinter:stricterstoragerequirements,existinggasflowsfromRussia
deliveredbypipelineinthefirsthalfoftheyear,andlower-than-expectedLNGdemandinChina,
contributedtothisdevelopment.Thepreparationforthenextwinterisgoingtobemoredifficult
intermsofgassourcesandpricesandpartlydestroyedinfrastructure.

Implement saving measures

TheEuropeanCommissionpresentedthe“Savegasforasafewinter”Planon20.07.2022.Itrequires
avoluntaryreductionofnaturalgasdemandbyatleast15 %from1August2022until31March
2023comparedtotheaverageconsumptioninthesameperiodduringthe5consecutiveyears
precedingtheentry intothe forceof theproposedRegulation.Mandatorynaturalgasdemand
reductionbyatleast15 %incaseofthe“Unionalert”.Germanyincreasedtargetsofreducinggas
consumptionby20 %fromAugust2022toMarch2023.

TheEuropeanCommission’sproposals forenhancingsolidarity throughbettercoordinationof
gas purchases, exchanges of gas across borders and reliable price benchmarksweremade in
October2022.Theproposalentails theaggregationofEUdemandand jointgaspurchasingto

6 Gasstoragesdataavailableathttps://agsi.gie.eu/
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negotiatebetterpricesandavoid competitionbetween theMemberStates (MS)on theglobal
market; the creation of a new LNG pricing benchmark by March 2023, and in the short term
proposingapricecorrectionmechanism;defaultsolidarityrulesbetweenMSincaseofsupply
shortages,extendingthisruletothoseMSwithoutdirectpipelineconnectiontoinvolvealsothose
withLNGfacilities;andaproposaltocreateamechanismforgasallocationfortheMemberStates
affectedbyaregionalorUniongassupplyemergency.

Replace gas in power generation

Re-starting some of the coal-fired power stations set for decommissioning. Coal-fired plants
mustbereadytostartquicklyincaseofashortageofgasfromothersuppliersandashortageof
capacityforpowergenerationinGermany.HardcoalisnotproducedinGermanyanymore.Lignite
isafullydomesticenergysourcethatisusedmainlyforbaseloadelectricitygeneration(withthe
disadvantageofhighCO2emissionsperkWh).Theforcedcoalcomebackshouldbemitigatedwith
CCUS(carboncaptureutilisationstorage).

LNG contracts 

DirectnaturalgasdeliveriestoGermanybypipelinecouldnotbeexpandedintheshortterm.In
February,establishedsupplierssuchasNorwayandtheNetherlandsindicatedthatasubstantial
supplyvolumeexpansionisnotimpossible.So,LNGcontractsaretheoption.LNGimports25 %
oftheEUgassupply.IntheEUlastyearonlyFranceandPolandsignedlong-term(20years)LNG
contracts.ThisyearSlovakiahas signedanLNGcontract (withU.S.andnegotiationscontinue
withQatarEnergyandSempra).GermanyhassigneditsfirstLNGcontractwiththeUnitedArab
Emirates.ThefirstshipmentistoarriveatthenewLNGterminalinBrunsbüttelnearHamburgin
December2022.AccordingtoRWE,amemorandumwassignedformulti-yeardeliveriesstarting
in2023.Likewise,Unipersigneda flexible long-termsaleandpurchaseagreementwithSinga-
pore’sWoodsideEnergytosupplyLNGfromJanuary2023upto2039.Additionally,the15-year
saleandpurchaseagreement issignedbetweenQatarEnergyandUS’ConocoPhilipsregarding
thedeliveryofLNGtoGermanyfrom2026.EarlierinOctoberQatarannouncedanincreaseinits
LNGproductionby64 %by2027.

Build LNG infrastructure 

Currently,thereare22operationalLNGterminalsinEurope 7,onshoreandFSRU[FSPU–Floating
StorageandRegasificationUnit].Untilthisyear,therewerenoLNGterminalsinGermany,LNGmust
beprocuredmainlyviaterminalsinBelgium(Zeebrugge),France(Dunkirk)andtheNetherlands.

Germanyisdeveloping5LNGterminals(FSRU):inWilhelmshaven;inBrunsbüttel;alsoinStade
andLubmin.Thefirsttwowerescheduledtobeginoperationsasearlyasthiswinter;therestwill
bereadyforoperationuntiltheendof2023.Aprivateconsortiumwillbuildthesixthterminalin

7 LNGImportTerminalsMapDatabaseOctober2022;GasInfrastructureEuropesite.
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Lubminbytheendoftheyear.In194daysGermanycompleteditsfirstfloatingLNGterminalin
Wilhelmshaven.Itcanregasifyaminimumof5bcmofLNGannually,withamaximumcapacityof
7.5bcm.AsecondFSRUisexpectedinlateDecember.

ToacceleratetheconstructionofLNGinfrastructure,theLNGAccelerationActwasadoptedinMay
2022.ThelawsimplifiedtheauthorisationproceduresforLNGterminalsandrelatedfacilities.The
approvalsfortheLNGfacilitiesaretobelimitedindurationtonolaterthan31December2043.It
isassumedthatcontinuedoperationofthesefacilitieswillonlybepossibleafterthatpointifthey
areusedforclimate-neutralhydrogenanditsderivatives.

Build new gas pipelines

GermanywillconsiderthepotentialbenefitsofthenewconstructionoftheTrans-Saharangas
pipeline.JointactionplanaboutthenewPyreneangaspipelineagreeduponbetweenGermany
andSpain.

Develop carbon-neutral LNG (CN-LNG)

LNGterminalscouldbeupdatedandrepurposedforliquefiedlow-carboncommoditiesandthus
bepartof thesolution in reachingclimategoals.Thereareseveraldecarbonisationpathways,
someofthemarefeasiblewiththeexistinginfrastructure:viabio-LNG,syLNG;otherlow-carbon
commodities(methanereforming,pyrolysis);someofthemrequiretobeupdatedorspecialcon-
ditions:hydrogencarriers(LOCH,ammoniaandliquidhydrogen–lasttwooptionsoflowfeasi-
bilityduetospecialrequiredconditions);e-fuels.

Integrate new natural gas capacities

Manoeuvringpowerplants.Pumpedstoragepowerplants.Newgasplantsatfirstwillworkon
naturalgas,buttheymustbeabletorunon100 %hydrogeninthecomingyears.Theirconstruc-
tionmustbeensured.AgoraEnergiewende’sstudypredictsthattheuseofhydrogenforelectricity
generationwillbegininGermanyin2024whenthefirstprojectsentertheoperationalphase.The
useofhydrogenasafuelforgas-firedpowerplantswillincreasefrom12 %in2030toatleast75 %
in2035 8.

Roll out heat pumps

Gaswillremainimportantintheheatingmarketformanyyearstocome.Themaintaskhereisto
reducedemandtothepossibleextentandtoswitchtoelectricity.Thesolutionswillbeexpensive
and,therefore,supportmeasureswillbeneededforbothindustryandconsumersforthenextfew
years.Fornewbuildings,electricheatpumpsarenowthemostimportantheatingtechnology,
whichrequiressubsidies.

8 AgoraEnergiewende,PrognosAG,ConsentecGmbH(2022).KlimaneutralesStromsystem2035.
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Encouragementmeasuresforresidentialheatpumpscombinedwithagradualbanonfossilfuel
boilers(asof01.01.2024newlyinstalledheatersmustrunon65 %renewables)contributetothe
goalof increasing thenumberofheatpumps installed from2024up to500,000peryear.Heat
pumpsofferadditionaldemand-sideflexibility,providedthatthevastmajorityofthenearlynine
millionheatpumpsin2035canbecontrolledviasoftwareinterfaces.Toacceleratetheroll-out
ofheatpumpstheEuropeanCommissionmadeaproposaltotemporarily(foroneyearperiod)
speedupapermittingprocess–itshallnotexceed3months.Thedecisionconcernsheatpumps
ofasmallcapacityofupto50KW.InGermany,therearesubsidiesforheatpumppurchasesinthe
buildingsector.

TheEuropeanCommissionhasapproveda€ 2.98bnforGermanytopromotegreendistrictheating
basedonrenewableenergyandwasteheatuntil30August2028.Theaidwill taketheformof
directgrants,itisexpectedtosupporttheinstallationofapproximately681MW / yearofrenew-
ableheatgenerationcapacity.Theschemeisopentodistrictheatingnetworkoperators.

Subsidize industrial consumers and energy companies

Germany’senergy-intensiveindustries,steelandchemicals,willreceivefromtheEU€5billionof
subsidieswithpermissionoftheEU’scompetitionauthority.

TheEuropeanCommissionapprovesaidamountingto225.6millioneurosforGermanytotake
100 %ownershipofSEFE(SecuringEnergyforEurope,formerGaspromGermany)tosupportthe
companyandsecuregassupply.Besides,theGermanGovernmentbailedoutJuniper.

TheGermangovernmentestablishedtheExpertCommissiononGastosetupalistofmeasures,
applicablefrom31.01.2023till30.04.2024withina€ 200billionreliefpackage.Amongproposed
measureswereaone-timepaymentforconsumersinDecember2022tocoveronemonth’sgas
bill; monetary incentives to save gas: 80 % of normal gas consumption will be subsidised for
households;fortheindustry:70 %;pushinggasoutofelectricitygenerationµgaspowerplants
willnotbesubsidised.

Thefirstsupportmeasurescomeintheamountof€ 99billion,splitbetween€ 56billionforgas
anddistrictheatand€ 43billionforelectricity.Tofinancethesemeasuresataxonthe“windfall
profits”ofenergycompanieswillbeappliedfrom1Decemberuntil30Junewithapossibleexten-
sionuntilApril2024.Tocalculatetaxamount,productioncostsofcoalandnuclearpowerplants
willbecomparedtohourlyelectricityprices,accountingforthecompany’sexistinghedgeorfor-
wardcontracts;forrenewablepowerplantsmonthlyaveragewillbeused.Thetaxwillbeinthe
amountof90 %ofthe“windfallprofits”.

Expand Power-to-heat technology 

Power-to-heattechnologyisaflexibilityoptionforintegratingelectricityintoheatapplications
(industry, local heating, district heating, etc.). As an example, Swedish Vattenfall is building
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Europe’slargestheatstoragefacilitywith56millionlitrescapacityatthe600MWcoal-firedpower
plantinBerlin.Itcanprovideheatforabout13hours.Ifasurplusofwindenergyisavailable,itcan
beconvertedon-siteviaapower-to-heatsystemandstoredinthebuffer.Thesystemisscheduled
togointooperationinApril2023.TheAgoraEnergiewendestudy 9studypredictsthattheinstalled
capacityofpower-to-heatplantsis10GWin2030and20GWin20357.

4.2 Renewables deployment

Acceleratingthetransitiontowardacarbon-neutraleconomyisessentialforreducingthedepend-
encyonfossilenergysupply.Approvedlarge-scaledeploymentofrenewablecapacityrequires
systematic(80 %ofrenewablesinthepowermixby2030withthecurrent46 %),persistentwork
on(1)capacitybuildingand(2)parallelgridexpansionand(3)deploymentofsolutionsforgrid
integrationinlinewithhydrogendevelopmentplans.

Increase capacity 

In2035netelectricitygenerationfromrenewablesisexpectedtobe845TWh(in2021itwas221
TWh)9.This624TWhincreasefrom2021to2035translates intothe installationofarenewable
energycapacityofapproximately500GW.

Figure4(a):Illustrationofthemonthlyinstallednewcapacitiesin2021 – 202210



9 AgoraEnergiewende,PrognosAG,ConsentecGmbH(2022).KlimaneutralesStromsystem2035.
10 pv-magazine.de
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Asfornow,thepaceofcommissioningnewcapacityis insufficient(  Figure4a,4b). Inorderto
add215GWofsolarinstalledcapacityby2030,onaverage1.5GWpermonthhavetobeinstalled,
concerningonshorewind–around0.6GW 11.Thiswouldbeadrasticincreasefrom5.3GWofsolar
and1,9GWofonshorewindcapacitieshavingbeeninstalledinthewholeyear2021andrequires
triplingthemonthlysolarinstallationanddoublingthewindonshoreinstallation.

Figure4(b).Illustrationofthemonthlyinstallednewcapacitiesin2021–  2022;energy-charts.info 

Atpredictedratesofdeployment,onlyfouroutof27EUcountries(Finland,Croatia,Lithuaniaand
Sweden)willachievesufficientlyhighannualwindcapacityincreasestoalignwith1.5C.TheEU
asawholeisalsonotontrackforrequiredsolardeploymentrates 12.Nevertheless,TheEuropean
Union’sadditionalrenewablecapacityissettomorethandoublein2022,upto50GW.

Regulations have to set a paradigm shift for the swift expansion of renewables 

Photovoltaics systems with a capacity of 215 GW take up an area of approximately 2150
km2, which corresponds to roughly 2.5 times the size of the Berlin area 11. This can only
be reached if solar panels will be mandatory on all new buildings, the potential of agri-
cultural land will be exploited and building-integrated PV will be promoted. This requires
promoting PV installations and harmonizing the legal basis for consistent regulations.



11 Ownestimations
12 Ready,Set,Go:Europe’sraceforwindandsolar.Emberreport.July2022.
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Thepotential foragriculturecorresponds to1.2TWp, thebuildingenvelope to1TWp,covered
parkingspaces59GWp,andsealedsettlementareas(withoutbuildingsandtrafficareassuchas
roadsorrailways)134GWp 13.

The installationofoffshorewindturbineswithacapacityof50GWwill require the installation
of5000to10000offshorewindturbinesat5 – 10MWeach 10.Thiscanberealisedifallcurrently
usableareasintheGermanNorthSeaandBalticSeawillbedeveloped 14.

Theinstallationof100GWrequires20000onshorewindturbinesat5MWeach. Incomparison
fromJan-May2022,merely100newwindturbineswerecommissioned(407MW).Accordingtothe
CoalitionAgreement,2 %ofthenationallandareacouldbetakenforonshorewindpowergener-
ation.Sofar,onlyabout0.5 %ofGermany’slandareaisavailableforonshorewindturbines.The
new“OnshoreWindEnergyAct”willsetbindingareatargetsforlands.

TheEuropeanCommissionproposedtoaddressthepermittingprocessasoneofthebottlenecks
ofthedeploymentofrenewables.Thus,amaximumdeadlineofonemonthisproposedforthe
permittingprocessforsolarenergyequipmentanditsco-locatedstorageandgridconnections
whenitisnotinstalledonnaturalground.Fortherepoweringprojectsthenewmaximumdead-
lineofsixmonthsandsimplifiedprocedureforgridconnectionsincaseswheretherepowering
doesn’texceeda15 %increaseintotalcapacitycomparedtotheoriginalproject 15.

Minimize dependencies on non-European suppliers by restoring European production

In2020,producersfromAsiaamountto95 %oftotalc-SiPVmoduleproduction.Chinaholdsthe
leadwithashareof67 %.Europecontributedashareof3 %;USA / CAN2 % 16.Inthissituation,a
massivedevelopmentofrenewableenergycouldleadtoanincreaseinEuropé sdependenceon
suppliesofbothequipmentandrawmaterials.

13 RecentFactsaboutPhotovoltaicsinGermany.FraunhoferISE.May2021
14 EnergiewirtschaftlicheBedeutungderOffshore-WindenergiefürdieEnergiewende.FraunhoferIWES,2017
15 REPowerEU:CommissionstepsupgreentransitionawayfromRussiangasbyacceleratingrenewablespermitting.Pressreliese.

November2022.
16 Photovoltaicsreport.FraunhoferISE,2022.
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 Figure5belowillustratedAsiandominationwithinthePVsupplychain:

Figure 5:Shareofmanufacturingcapacitybycountry / regionin202117

Europeanmanufacturingcould(1)guaranteeareliableconstantsupplywithinthecountry/conti-
nenttomeettheexpectationsofahugedomesticmarketinthefollowingyears(TheREPowerEU
proposalaims for theEUto reach1236GWof renewablecapacityby2030,up from513GWof
installedcapacityin2021);(2)diversifysupplyandreducesupplychainvulnerabilities;(3)create
and secure jobs; (4) sustainable development of production processes in line with a circular
economy.

The potential for rapid development of PV industry in Europe is tremendous, considering the
strong PV research (e.g.world records in Perovskite technology reachingmore than 30 % effi-
ciency)andtheknow-how inGermanyandEurope.Fostering industry/manufacturingtogether
withaccompanyingresearchonmulti-GWp 18bringsabouttargetedsovereignty.

SincetheGermaneconomyisdependentbothontheexportofitsproductsandontheimportof
energyandrawmaterialsandenergy-relatedproducts(e.g.PVpanels),theresumptionofEuro-
peanproductionwillbeofgreatimportanceconsideringtheEnergyTransition.High-techprod-
uctswillbebothproducedandconsumeddomestically,increasingthecountry’sindependence.

17 SpecialReportonSolarPVGlobalSupplyChains,IEA,July2022
18 EuropeanTechnologyandInnovationPlatformforPhotovoltaics(ETIPPV),2022.StrategicResearchandInnovationAgendaonPhotovol-

taics(SRIA).
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Moreover,sincetheCOVIDpandemicandnow,inlightoftheRussianwaragainstUkraine,thereis
anemergingtrendofshiftingfromglobalizationtodeglobalization,transitionfromglobalcoop-
eration,andproductionoflargecorporationstolocal.

Recruit and educate skilled workforce

AccordingtoastudybyEuPDResearch,anannualexpansionof10GWofPVrequiresalmost70,000
full-timedirectemployees,withafocusoninstallationandmaintenance.Additionally,thesolar
PVindustrycouldcreate1300manufacturingjobsforeachgigawattofproductioncapacity 19.The
GermanPVIndustryemployedaround51,000peoplein2021 20.

Thereisashortageofqualifiedworkers,especiallyconcerningtheinstallationoftheequipment.
Thisproblemwillonlyworsenovertimewithoutthenecessarydecisionsbeingtakentoday.Tai-
lorededucationalprograms,thepossibilityofre-qualification;economicincentives,andpromo-
tionalcampaignshavetobesetinplacetodaytoestablishaworkforceforPVandwind.

Repower existing wind turbines

Germanywill increasinglybe facedwith theneed to replaceoldpowerplants (both solar and
wind).AccordingtotheFraunhoferISEresearch,thiscouldamountto17GWperyear 21.Inthefirst
halfof2022,82windturbineswithacombinedcapacityof99MWweredecommissioned 22and
133MWwererepowering.

Germanycouldbenefit fromupgrading/repoweringexistingpowerplants in termsof installing
recentequipmentwithhigherefficiency.Andthusimprovetheefficiencyoftheuseoflandalready
allocatedtotheenergysector.

Expand and integrate the electricity grid

Gridexpansionandimprovedinterconnection(bothtransmissionanddistribution)areessential
foraccommodatingtheincreasingamountofrenewableenergy.Smartsectorintegrationwhile
networkplanning(smartgridandmetering)arerequired.Forgridflexibilitydigitalgridsolutions
andflexiblegridassets(FACTS)areneeded.

Electricitygridsasthemostessentialpartofthefutureenergysystemshouldbeplannedatthe
EUlevel.GiventheshareofrenewablesintheGermanpowermixandexistingplanstoincrease
therenewablesharesignificantly,itisinGermany’sinteresttoparticipateintheEuropeanUnion’s
electricitygriddevelopmentplanning,whichwillguaranteethefreetransferofexcessgeneration
tootherEUcountries.

19 InternationalEnergyAgency(IEA),2022.SolarPVGlobalSupplyChains.Specialreport.
20 BSW2022
21 RecentFactsaboutPhotovoltaicsinGermany.FraunhoferISE.May2021
22 StatusofOnshoreWindEnergyDevelopmentinGermany.Ihalfof2022.DeutscheWindGuard.
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More than15 %ofEurope’spower is tradedbetweencountries ina typical year,making it the
world’smostinterdependentregionintermsofelectricity 23,soelectricityflowacrossbordersis
crucial.Thebenefitsofcross-borderelectricitytradeareestimatedat€34bnayear 24.

Overhaul supply chains of raw materials 

TheEuropeanUnionhasidentified30rawmaterialsascriticalfortheindustry.Chinahasmining
accesstoandisthemainglobalsupplieroftwo-thirds 25.TheEuropeanCommissionannounced
theCriticalRawMaterialsAct.Aharmonizedapproachtocreatingalevelplayingfieldwithinthe
EUisnecessary.Thisisimportant,ascriticalrawmaterialsinfluencenotonlytheabilitytocater
forrapidlyincreasingdemandwhileEnergyTransitionbutitspriceaswell.

Germanyhastoconsiderbeingpartofvariousvaluechainsandenteringlong-termsupplycon-
tractswhilerampingupitsownproductionandaimingatreplacingcriticalmaterialswithabun-
dantcomponentsthroughtechnologicaladvances.

Itwascalculated 26thatby2050,theGreenDealalonewillincreasedemandforaluminiumby33 %,
copperby35 %,zincby11 %,nickelby103 %,cobaltby331 %,andlithiumbyasmuchas3535 %.
Forthebasemetalsaluminium,copperandzinc,theincreaseddemandcanstillonlybepartially
met(45 – 65 %)byhigherrecyclingefforts.Europeandemandforrareearthsalonewill increase
fivefoldby2030onthewaytoachievingtheGreenDealgoals.“Lithiumandrareearthswillsoon
bemoreimportantthanoilandgas,”UrsulavonderLeyenemphasized.

  Figures6(a–e)Illustratedkeyregionsoftheworld’sreservesofcriticalmaterialsandtheirman-
ufacturingandrevealtheirconcentration.27

 
Figure 6a:WorldLithiumreservesandtop5countriesinLithiumproduction.

23 CanEuropekeepthelightson?FinancialTimes,November2022
24 ACER’sFinalAssessmentoftheEUWholesaleElectricityMarketDesign,April2022
25 CriticalRawMaterialsforStrategicTechnologiesandSectorsintheEU.AForesightStudy.
26 MetalsforCleanEnergy:PathwaystosolvingEurope’srawmaterialschallenge,April2022
27 BasedonIEA’sWorldEnergyoutook2022;InvestingNewsNetworkwebsiteinvestingnews.com
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Almostalllargelithiumdepositsarecontrolledbyseveralminingcompanieswithmarketcapitali-
zationsrangingfrom$5billionto$70billion:ChineseJiangxiGanfengandTianqi,Argentina’sFMC,
America’sAlbemarle,Chile’sSQM.
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Figure 6 (b – e):Top5countriesinworldreservesofselectedmaterialsandtop5countriesintheirproduction.

Renewablescouldandshouldcreatenewtraderoutes.Somemineralscanalsoberecycled,and
re-used,therebyfurtherreducingtheirperceivedscarcity.

Circular Economy and Recycling

The circular economy involves reusing, repairing, refurbishing and recycling existingmaterials
andproductstokeepmaterialswithintheeconomywhereverpossible.

All stagesof theEuropeanvaluechain–mining, refining,processingand recycling–are tobe
strengthened,withaparticularfocusontherecyclingstage.Inlightoftheaboveconsideration,
recyclingbecomeaveryimportantlineofactivityandthereisaneedforR&Iprojectsinthisarea
andpolicydevelopmentforthegoalsofthecirculareconomy.

Germany isplanning itsCircularEconomyStrategy.Before that, therewillbeabroaddialogue
withscientificparticipation.Thisisamatterofhighimportanceinthefaceofrisingrawmaterials
pricesduringtheEnergyTransition.

4.3 Hydrogen and green hydrogen derivatives

HydrogenisakeyelementfortheEnergyTransitionandachievingclimategoals.Hydrogencan
help achieve a significant reduction in CO2 emission inmultiple sectors and is the only viable
optionforhard-to-abatesectors.
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Secure hydrogen supply

AccordingtotheGermanNationalHydrogenStrategy 28around90to110TWhofhydrogenwillbe
neededby2030;thiscorrespondstoanelectrolysiscapacityofabout40GW.Germanyplansto
establishupto10GWofgenerationcapacityincludingoffshoreandonshoreenergygeneration
facilities(5GWby2030,whichroughlycorrespondsto14TWhofgreenhydrogenproductionand
willrequire20TWhofrenewables-basedelectricity;5GWtobeaddedby2035,nolaterthan2040).

Thereisasupplygapof30GWofinstalledelectrolysiscapacity.Sincethehydrogendemandcannot
bemetbydomesticproduction,mostofthehydrogenneededwillhavetobeimportedfrome.g.the
EuropeanMemberStates,borderingtheNorthandBalticSea,andcountriesofSouthernEurope.

In2045Germany isexpectedtoneed265TWhofhydrogen 29 (currentdemandaround55TWh;
producedfromfossilenergysources),only36 %ofwhichwillbeproducedinGermany.Thismeans
thatGermanyneedstoimportmostoftherequiredvolumeofgreenhydrogenfromothercoun-
tries.Most recentcalculations that fullyconsider thedecarbonizationofhard-to-abatesectors
predictthatthetotaldemandforhydrogenaswellasothersyntheticfuelsandfeedstocksin2045
isexpectedtobe422TWh 28,ofwhich326TWhmustbeimported(  Figure7).

Figure7:ForecasteddemandforhydrogeninGermany 27,28.

28 TheNationalHydrogenStrategy,FederalMinistryforEconomicAffairsandEnergy,June2020.
29 AgoraEnergiewende,StiftungKlimaneutralität,PrognosAG,Öko-Institute.V.,WuppertalInstitutfürKlima(2021).
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Develop technological H2 solutions for hard-to-abate sectors

No-regret applications forhydrogenare in theenergy intensive industrial sector (steel, chem-
ical,refinery);transport(aviation,shipping,trucks,buses)andpowersector(storage).Germany’s
industrialsectoriswell-placedtobecomeoneofthemainfactorsspeedingupthemarketrollout
ofhydrogenandaglobalpioneerforhydrogentechnology:Hydrogenandhydrogen-basedPtX
commoditiesneedtobeusedtodriveforwardthedecarbonizationofemission-intensiveindus-
trialprocesses.

Develop a market-based infrastructure and transportation system

Thehydrogeninfrastructurewillplayacentralroleinthetimelydevelopmentofamarket-based
and competitively organized hydrogen economy. There are two transportation options for
hydrogen:

• Pipelines–eitherneworrepurposedexisting–totransportpurecompressedgaseous
hydrogen,hydrogenblendedintothemethanenetworkorhydrogenconvertedinto
ammonia,methanolorliquidorganichydrogencarrier(LOHC);

• Shipping(maritimeandland):eitherasaliquidfollowingcoolingtotemperatures
below–252°С,orinammonia,methanoloraLOHC.

Thenecessaryconversionprocessisenergyandcost-intensiveandmakesupasignificantpartof
thetotalcosts.

According to Wood Mackenzie, more than 85 % of export-oriented hydrogen supply projects
involveammoniaproduction 30.Atthesametime,ammoniaisintendedforexportmarkets,while
hydrogenismainlyintendedfordomesticmarkets.TheHydrogentransportationcostismainly
dependentonthesizeoftheprojectandthetransportingdistance.Distanceismorecriticalfor
pipelinessincetheircostsaredirectlyproportionaltodistance,whileforshipping,70 – 90 %ofthe
totalcostisallocatedintheterminals(plantsandstorage)31.

Therearetwomainapproachestothetransportationofgreenhydrogen:
First, the proposed European Hydrogen backbone initiative – pipeline network through five
supplycorridors(NorthAfrica&SouthernEurope;SouthwestEurope&NorthAfrica;theNorth
Sea;NordicandBalticregions;EastandSouth-EastEurope)32.

Second,theno-regretvisionstatesthatthehydrogeninfrastructurewilldeveloparounddemand
clusters. Four such “no-regret” corridorswere identified in total: inCentral-WestEurope,East

30 WoodMackenzieHydrogenProjectTracker
31 InternationalRenewableEnergyAgency(IRENA),2022.Globalhydrogentradetomeetthe1.5°Cclimategoal:

PartII–Technologyreviewofhydrogencarriers.
32 Wang,A.,vanderLeun,K.,Peters,D.andBuseman,M.,2020.EuropeanHydrogenBackbone.
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Europe,SpainandSouth-EastEurope 33.ENTSO-G’smapofcurrentH2projectsshowsthatexisting
projectsarelocatedclosertothedemand,thantothecheapgreenelectricitysources 34(   Figure8):

Hydrogenwillbetransportedbypipelinesuptomediumdistanceswithinandbetweencountries,
butalmostneverbetweencontinents 35.

33 AgoraEnergiewende,AFRY,(2021).No-regrethydrogen:ChartingearlystepsforH₂infrastructureinEurope.
34 https://h2-project-visualisation-platform.entsog.eu/
35 DNV.HydrogenForecastto2050.EnergyTransitionOutlook(2022).

Figure 8:HydrogenprojectsinGermany 34.
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FederalMinisterforEconomicAffairsandClimateActionRobertHabeckannouncedthedecision
tobuildaterminalforimportsofgreenammoniatoGermanyattheportofHamburg.Theterminal
istobecomeoperationalin2026.GreenammoniaisgoingtobeimportedfromSaudiArabia,con-
vertedintopurehydrogenanddistributedbyAirProductstothefinalconsumers.

Earlierthisyear,RWEannounceditsplanstobuildanammoniaterminal inBrunsbütteltopro-
gresswiththeimportofgreenmoleculesforthedecarbonisationofindustry.Theplannedcom-
missioningdateis2026,thecapacityisaround300thousandtonnesofgreenammoniaperyear.
Thenextstepistobuildafacilitytoproducegreenhydrogenon-site.

Develop long-term storage systems for H2

Intheramp-upphaseofthehydrogeneconomy,itisconsideredthattheroleofhydrogenstorage
insecuringreliablesupplywillbeevenmoreimportantthanthecurrentroleofnaturalgasstorage
inthegasmarket.Theneedforundergroundstorageatthathorizonmightexceedtherepurposing
potentialofexistingsitesandnewinvestmentswillneedtocomeonline.

Hydrogenstoragecanbecategorizedintheorderoftechnologyreadinesslevel:storagetank;salt
cavernstorage;depletedoil&gasfield,andaquifer(concept).

Integrate the regulatory system with policy coordination to reduce uncertainty 

Thereisstillworkaheadtoaddressthefollowingissues:aregulatoryframeworkforrenewable
hydrogen; incentivise demand; bankability of green hydrogen projects; a global certification
systemforhydrogenexchangesisneeded(GuaranteeofOrigin;RFNBOCertificates); infrastruc-
ture(newand/orrepurposed);priorityforfull-circleprojects.

Inordertodefinetherequirementsunderwhichhydrogenorfuelproducedfromelectricity(within
or outside theEU) canqualify as renewable, theEuropeanCommission’spublishedDelegated
Act fortheproductionofrenewable liquidandgaseoustransport fuelsofnon-biologicalorigin
(“DelegatedActonhydrogenproduction”)asforeseeninart.27ofRED  II.Itsdraft(publishedin
May2022)containedstrictrequirementsforhydrogenproductionbasedonthreemainprinciples:
additionality,temporalandgeographicalcorrelations.TheindustrydescribedthedraftoftheDel-
egatedActastheonewhichcan“putbrakesongreenhydrogen” 36.

In September, the European Parliament voted to define its position regarding the produc-
tion of renewable fuels of non-biological origin. The Parliament proposed easier require-
ments: there was no obligation that renewable generation capacity used to produce green
hydrogen and other renewable fuels of non-biological origins should be new or additional;
asforthetemporalcorrelation,renewablepowergenerationandhydrogenproductionwillneed
tomatchonaquarterlybasisuntil31December2029.From1January2030, thebalanceshall

36 NewDelegatedActputsbrakesongreenhydrogen.RWE.May2022
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beachievedeitheronamonthly,quarterly,or yearlybasis.This requirement shall apply toall
existingplants,includingtheonescommissionedbefore2030.

AnewdraftoftheEuropeanCommission’sDelegatedactonhydrogenproductionisexpectedto
bereleasedonthe15thofDecember 37.

Design appropriate policy packages for production support 

Suggestedpoliciescouldincludepublicsupportforinvestments,certification,CarbonContracts
forDifference(CCfDs),quotasforgreenhydrogenorhydrogen-basedproducts,subsidiesforgreen
hydrogenproduction,electricitypriceandinfrastructureregulation.

Greenhydrogenisproducedwiththedivisionofwaterintohydrogenandoxygeninanelectro-
lyserthatworksonrenewableelectricity.Therefore,keyfactorsthatinfluencethepriceofgreen
hydrogenarethecostoftheelectrolyser(CAPEX)andthecostofrenewableelectricityandwater
fortheproductionprocess(OPEX)andtheweightedaveragecostofcapital(WACC).

AsasupportiveschemeforCAPEXcosts,Germanyhasstartedtheprocessofobtainingfunding
under the European initiative of IPCEI. Germany’s Federal Ministry of Economics and Climate
(BMWK)andtheFederalMinistryofTransport(BMVI)selected62large-scalehydrogenprojects
thatwillbefundedaspartofanIPCEIHydrogenproject.

To incentivize the rollout of hydrogen projects important is to close the price gap between
green hydrogenandhydrogenderivedfromfossilfuel. In2021,GermanylaunchedtheH2Global
initiative,whichaimstocompensate for thedifferencebetweensupplyprices (productionand
transport)anddemandpriceswithgrantfundingfromtheGermangovernment.Germany’sChan-
cellorOlafScholzatCOP27announced4-billion-eurofundingintheframeworkoftheH2Global
initiative,forsupportinggreenhydrogenproducerswithlong-termoff-takeagreements.Thefirst
tenderingprocessforalong-termagreementwithnon-Europeancountrieswillstartsoon.So,the
country isbuildingthefoundationfor importinghydrogentoexpandthehydrogeneconomyin
thefuture.

TheEUsupportingpolicyfoundseriouscompetitioninthefaceoftheUSwithitsInflationReduc-
tionAct,whichincludesmanycleanenergyinitiatives.Incentivesforexpandingwindandphoto-
voltaics,rampupofhydrogen,forexample,8billiondollarstolaunchatleast4hydrogenhubs
acrosstheUSandtaxcreditof$3perkilogramofhydrogen,producedwithrenewableandnuclear
energy to stimulate cleanhydrogenproduction. Tobe competitive, Canadaproposednew tax
creditsupto40 %forhydrogeninvestments.

37 LEAK:Long-awaitedEUrulesonrenewablehydrogenexpected15Dec.EURACTIV.com.December2022
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Develop strategic International Alliances. 

It is important toevaluatehowmuchGermany itselfproducesand inventswhat isneeded for
progressandhowtocompensateforthemissingthroughcooperationwithothercountries.The
Germaneconomyisheavilydependentbothontheexportofitsproductsandontheimportof
energyandrawmaterials.

ThereareseveraldimensionsoffuturemutualagreementsforGermany:

1. withenergyself-sufficientcountriesFrance,Norway,Canada,USA

2. cooperationwithcountriesongas,LNG(Norway,USA,UAE),Hydrogen(Canada,
Australia,Norway,Netherlands,NorthernAfrica),andcriticalmaterials(China,Chile,
Mexico,NewZealand,Australia,Ukraine,SouthAfrica;Finland)

3. withcountrieswithwell-developedinfrastructure(SpainandFranceonthenewgas
pipefromNorthAfrica);Belgium,Netherlandsonhydrogentransportation.

4. withinnovationandtechnologicalleaders(intheEU-Finland,Denmark,theNether-
lands,andBelgium,accordingtoEuropeaninnovationscoreboard2022;
Germanyisastronginnovator)

TheGermandelegation proposed an initiative to establish a “EuropeanPlatform for Transfor-
mationTechnologies”duringtheEUCompetitivenessCouncil (Internalmarketand industry) in
September2022.TheplatformwouldhelptostrengthentheEU’stechnicalsovereignty for the
transformation.Itwouldsupportthedevelopmentofindustrialvaluechainsinkeytransformative
technologiessuchaswindpower,solarpower,heatpumpsandpowergridsasthesupplyofthese
technologies iscurrentlywellbelowdemand,whichhas risensharplyasa resultof theenergy
crisis.

TheproposalevolvedintothecreationbytheEuropeanCommissionofanewplatform,“Clean
Tech Europe”, to strengthenEuropean value chains for clean energy and advance their global
competitiveness.Thekick-offoftheplatformwasannouncedonthe30thofNovember,butthe
officialdocumenthasnotbeenreleasedyet 38.

4.4 Mobility 

Themobilitysectorisstilldependentonmineraloil.Closeto92%offinalenergyconsumptionis
basedonliquidfossilfuels(gasolineanddiesel).However,in2021,almost14 %ofthenewpas-
sengercarswerebattery-electricvehicles,whichcorrespondstoalmost1millioncarsinEurope 39.

38 EUdeterminedtosecureitscleanenergyindustrialbase.WindEurope.November2022.
39 HeymannE.,Germanenergysupplyatahistoricalturningpoint.DeutscheBankResearch.March2022.
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• Rapidexpansionoftheprivateandpubliccharginginfrastructure.TheEUParliament
membersproposedtosetmandatorynationaltargetsforthedeploymentofinfra-
structure;by2026thereshouldbeatleastoneelectricchargingstationevery60km
alongthemainEUroadandhydrogenrefuellingstationevery100km.

• TheEuropeanCommissiongranted100Mio.eurossubsidiestotheroll-outofnew
hydrogenrefuellingstationsinGermany,Netherlands,Belgium,Italy,Poland,Den-
mark,SwedenandFrance.Germanywillreceive12.44Mio.euros.

• Internalcombustionenginesphaseoutby2035.

• ImplementingEVsintothegridasremotebatteriestobalanceelectricitydemand
(vehicle-to-grid).Assumingthat25 %ofelectriccarswillusevehicle-to-gridin2035
andthatanaverageof40percentofthesevehicleswillbemadeavailabletotheelec-
tricitymarket,theusablecapacitywillbe28GW 40.

• Domesticproductionofautomotivecomponentsforelectrification.

Power-to-Xprocessesarethegamechangersinthedecarbonisationofhard-to-abatesectors(avi-
ation,maritime,heavy-dutytransport,public,andrailtransport)andcontributetosectorcou-
pling.

ThefirststepofthePtXprocessistheelectrolysisofwater,then,dependingontheend-useappli-
cation,H2isusedtoproduceotherenergycarriers.PtXcouldproducesyntheticfuels:e-Methane,
e-Methanol,e-Diesel,ande-Kerosene,readyforinstantuse.Theycanbeblendedgraduallywith
fossilfuelsuntiltheyfullyreplacefossilfuelsasaprimaryenergysource.Inthismanner,thetran-
sition froma fossilworld to a largely carbon-neutral environment canbedone smoothlywith
immediateemissionreductionsontheway.

AnexamplecouldbetheinternationalresearchprojectofGermanyandSouthAfricaCARE-o-SENE
(CatalystResearchforSustainableKerosene).Theannouncementofthisprojectwasdeclaredin
May2022bySouthAfricanPresidentCyrilRamaphosaandGermanChancellorOlafScholz.

The CARE-o-SENE project funded by the German Federal Ministry of Education and Research
(BMBF)andconsortiumpartners,aimstocontributetoultimatelyreducingCO2emissionsinthe
aviationsectorbydevelopingnext-generationFischer-Tropschcatalystsandoptimisingthepro-
duction of sustainable kerosene on an industrial scale. Six partners fromGermany and South
AfricaareinvolvedintheCARE-O-SENEproject.

40 AgoraEnergiewende,PrognosAG,ConsentecGmbH(2022).KlimaneutralesStromsystem2035.

https://care-o-sene.com/de_de/
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4.5 Flexibility and demand-side measures

Flexibilityisutterlyimportantforaccommodatingtheincreasingamountofrenewableenergy.In
2020,Germanypaidmorethan900millioneurosincompensationforcurtailedrenewableenergy
production 41.Withincreasingfeed-infromfluctuatingrenewableenergiesandthedeclineincon-
ventionalpowerplantcapacity,newflexibilityoptionsareneededtoensureabalancebetween
supplyanddemandandallowmorerenewableelectricitytobeuseddirectly.Atthesametime,
it reduces theneed toaddgas-firedandcoal-firedpowerplantsand thenecessary fuel input.
Demand-sidemeasuresarekeyintacklingthecurrentenergycrisis.

Battery storage systems 

Fourbasictypesofenergystorage(electrochemical,chemical,thermal,andmechanical)arecur-
rentlyavailableatvariouslevelsoftechnologicalreadiness.

Hydrogenenergystorageisaformofchemicalenergystorageinwhichelectricalpoweriscon-
vertedintohydrogen.H2couldbeconsumedeitherasafueltoproducepowerorasafeedstockor
heatsourceforotherindustrialprocesses.H2isapromisingsolutionforseasonalstoragedueto
itslow“self-discharge”property.

Batterystoragesystemsiselectrochemicalstoragesystems,thathaveafastresponsetimeand
offerawiderangeofpossibleapplicationsinthestationaryandmobilesectors.Duetotheirelec-
trochemicalproperties, theyhaveanefficiencyofup to99 %andcanbeusedbyhouseholds,
industry,energysuppliers,operatorsofphotovoltaicandwindfarmsorprovidersofsystemser-
vices.Theinstalledcapacityofdecentralisedbatterystorage(incombinationwithrooftopPVsys-
tems)is27GWin2030and51GWin2035inAgora’sscenario 39.

AquarterofthepredictedEuropeanproductioncapacitiesofbatterycellscouldbecoveredby
Germany.AccordingtotheresearchoftheFraunhoferSociety,theproductioncapacityinEurope
isexpectedtoreach500GWhby2025and1.5TWhby2030.Thiscouldbeasmuchasaquarter
oftheglobalcapacity.ThelargestshareofEuropeanproductioncouldbegeneratedinthenew
productionfacilitiesinGermany–upto400GWh 42.

Electrolysers 

Electrolysers,directlyconnectedtothegrid,cancontributesignificantlytogridflexibility.Elec-
trolysers will be located near renewable power plants, in regionswith abundant renewable
energygeneration(especially inthedevelopmentstage)andcanhelptobalancethesystem.
Inaperiodofhighrenewablegeneration,electrolyserscanconsumeanexcessof renewable



41 Bundesnetzagentur,Monitoringreport2021,from15.03.2022.
42 Germanyonthewaytobecomingabatterycellcenter.July2022.Table.media
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energy,andproducegreenhydrogen.Sohereelectrolyser’sworkwouldhelptoavoidcurtail-
mentofRESelectricity generation. This, in turn,will positively affect thepriceof producing
greenhydrogen–aselectricitypricestendtobelowduringtheperiodofhighrenewablegen-
eration.

Empowering consumers

Thesmartmeterenablesdirectparticipationinthemarketofallconsumersandthecreationof
newelectricityproductsandservicesforconsumers.Amongthemarenetmetering,dataaccess,
newinnovativeproducts,dynamicpricingmodels,andenergycommunities.

According toACER’sAnnualMonitoringReport, 43 the shareofhouseholdconsumerswithelec-
tricitysmartmetersattheendof2021inGermanyisclosetozero;thetargetof80 %issetbeyond
2024.Theavailabilityofsmartmetersisessentialforenablingconsumers’activeparticipationin
themarket.TheaveragepenetrationintheEUis54 %.Leaders,thathavereached98 %areDen-
mark,Estonia,Spain,Finland,Italy,andNorway.

Vehicle-to-gridtechnologiesreducetheneedforsmallbatterystorageinhomesandtheneedfor
largebatterystorage.Itthuscontributestotheefficientuseofrenewableelectricityandresources.

Power-to-heat

A flexibility option for integrating electricity into heat applications: Power plants could be
equippedwith largethermalenergystoragethatcanbechargedbyelectricityfromrenewable
sourcesandproviderenewableenergyasa“baseload”.Thermalstoragepowerplantsareatech-
nologicallyavailableoptionforlargestorageintherangeofseveralGWhalreadytoday.Innovative
storageconceptsforatemperaturerangefrom100to1000°Cbasedonliquidandsolidmaterials,
latentheatstorageandthermochemicalsystemsarebeingdevelopedbyInstituteofEngineering
Thermodynamics at theGermanAerospaceCenter (DLR).One of their research directions is a
storagesystem,wheremoltensaltwillstoreenergyfromsolarorwindfarmsintheformofheat
andreleaseitviaturbineswhenneeded.

43 AnnualReportontheResultsofMonitoringtheInternalElectricityandNaturalGasMarketsin2021.October2022.ACER/CEER.

http://Institute of Engineering Thermodynamics at the German Aerospace Center (DLR)
http://Institute of Engineering Thermodynamics at the German Aerospace Center (DLR)
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5. Climate Goals

The European Union is a frontrunner in terms of climate policy. The EU has decided to aim for 
achieving climate neutrality by 2050. Germany mirrored this goal and accelerated it by 2045.  
Germany’s main milestones on this way include a reduction of 65 % in GHG emissions by 2030,  
77 % by 2035, and 90 % by 2040.

Achievingclimateneutralityrequiresachievingabalancebetweenallgreenhousegasemissions(GHG)
reductionacrossallsectorsandtheremovalofGHGsfromtheatmosphere.

CarbonneutralitydescribesastateinwhichtheCO2emissionsareavoided,orcompensatedforthese
byreducingCO2emissionselsewhere,orbyremovinganequalamountofCO2fromtheatmosphere.

Decarbonisation refers to decreasing CO2 emissions related to human activity processes. This is
prioritynumberone,asatonneofCO2avoidedwillalwaysbecheaperthanatonneofCO2removed
fromtheatmosphere.

Globally, in 2019 total net anthropogenic GHG emissions came from electricity and heat (34 %),
agriculture(24 %),andtransportation(22 %)44.CO2accountsforabout75 %oftotalgreenhousegas
emissions;methane,primarily fromagriculture, contributes18 %ofgreenhousegasemissionsand
nitrousoxide,mostlyfromindustryandagriculture,contributes7 %toglobalemissions.

CO2 as a resource. CCUS Carbon Capture, Utilisation and Storage: CCUS technologies are
necessaryonthepathofreachingclimateneutrality.Forsomeindustrybranches,CCUSistheonly
optiontodecarbonise.TheEUneedswidedeploymentofCCUStechnologiestomeetitsGreenDeal
objectives(intheordertheyshouldappear)inthe:

Power sector: ManyexistingpowerplantsresponsibleforCO2emissionscouldoperatefordecades.
Theseplantsareneededtoprovidebalancingpower,asthelevelofrenewableenergyintheelectricity
mixincreases.

Industry: CCUSisasolutionforsectorswithhard-to-abateemissions.Inthesesectors,alternatives
tofossilfuelsareeitherexpensive(suchaselectricitytogenerateextremeheat),orevendonotexist
(forexample,2/3ofCO2emissionsinthecementindustryareprocessemissions).



 

44 IPCCClimatechange2022report.
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H2 production: CCUSprovidesacost-effectivepathwayforlow-carbonhydrogenproduction.

Removing carbon from the atmosphere: Thereareseveralapproachestoremovingcarbon
fromtheatmosphere,includingnature-basedsolutions(e.g.,afforestation/reforestation)or
technology-basedcarbonremovalsolutions–BECCS(biomass-fuelledpowerplantswithCCS)
andDirectAirCapture(DAC).

DACcouldmakeasignificantcontributiontoreducinggreenhousegas(GHG)emissionsthrough
twoapplications.First,byprovidingclimate-neutralcarbondioxideforsynthesisprocesses,DAC
couldfunctionasanenablerfortheproductionofelectricity-basedfuels(Power-to-Liquids(PtL)),
gases(Power-to-Gas(PtG)),andchemicals(Power-to-Chemicals(PtC)).Second,DACcouldactas
aNegativeEmissionTechnology (NET),bycapturing largeamountsofcarbondioxide fromthe
atmosphere in combination with subsequent long-term geological storage (Direct Air Carbon
CaptureandStorage(DACCS)).

CapturedCO₂canbeusedcombinedwithhydrogentoproducesyntheticfuels,asafeedstockto
producecementorplastics,infoodprocessing,inthebuildingindustryoreventoproducedia-
monds.

ThecostofDACtodayisveryhighduetothelargeamountsofenergyneeded,bothtopowerfans
insidethecollectorsandtoheatthefilterstoreleasecapturedCO2.ThetwoleadingDACtechnol-
ogies–solidDAC(S-DAC)andliquidDAC(L-DAC)–wereinitiallydesignedtooperateusingboth
heatandelectricity.

Currently,18directaircapturefacilitiesareoperatinginCanada,Europe(e.g.,Iceland),andthe
UnitedStates,capturing0.01MtCO2 / year.ThenewprojectintheUSA,developedbyOccidental
company,aimstoremove1milliontonnesofCO2/year–100timesbiggerthanallcurrentlyoper-
atingDACplants 45.

The global capacity for carbon capture in 2030 is set to increase sixfold from today’s level to
279milliontonsofCO2capturedperyear,ifallannouncedprojectswillbedeveloped,according
toBloombergNEF 46.

TheEuropeanCommissionhasbeen supportingDAC throughvarious researchand innovation
programmes (including theHorizon Europeprogrammeand the Innovation Fund, launched in
2020forthedecade2020 – 2030withaninitialbudgetofaroundUSD 11.8 billion)andmorebroadly





45 Occidentalplansupto$1blnforfacilitytocapturecarbonfromair.Reuters.March2022.
46 GlobalCarbonCaptureCapacityDuetoRiseSixfoldby2030.BNEF,October18,2022
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carbondioxideremovalthroughitsfirstCommunicationonSustainableCarbonCycles 47,which
suggeststhat5 Mt ofCO2shouldberemovedannuallyby2030fromtheatmospherethroughthe
land-andtechnology-basedapproachessuchasDAC.

ToelevatefurtherdevelopmentofCCUSprojectstheEuropeanCommissionadoptedaproposal
forthefirstEUvoluntarycertifyingframeworkforcarbonremovals 48. It isneededtoenableto
quantify,monitorandverifycarbonremovalscapacity.

Certificationmethodologyforthedifferenttypesofcarbonremovalactivitieswillbebasedonthe
fourQU.A.L.ITYcriteria:

1.  Quantification:Carbonremovalactivitiesneedtobemeasuredaccuratelyanddeliver
unambiguousbenefitsfortheclimate;

2. Additionality:Carbonremovalactivitiesneedtogobeyondexistingpracticesand
whatisrequiredbylaw;

3. Long-term storage:Certificatesarelinkedtothedurationofcarbonstoragesoasto
ensurepermanentstorage;

4. Sustainability:Carbonremovalactivitiesmustpreserveorcontributetosustainability
objectivessuchasclimatechangeadaptation,circulareconomy,waterandmarine
resources,andbiodiversity.

Furtherdevelopmentonthatmatterisplannedforthefirstquarterof2023.

 Figure9showsthecurrentCCUprojectsinGermanybasedonthedataoftheCO2ValueEurope
(CVE),thenon-profitassociationrepresentingtheCarbonCaptureandUtilisation(CCU)commu-
nityinEuropesince2017.49

47 TheEuropeanCommissionCommunicationonSustainableCarbonCycle,December15,2021
48 EuropeanGreenDeal:Commissionproposescertificationofcarbonremovalstohelpreachnetzeroemissions.Pressrelease.November

2022.
49 CO2ValueEuropewebsiteco2value.eu
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Figure 9: CCUSprojectsinGermany 49.
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