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“Hydrogenfarm”strategyforscalablesolar
hydrogenproductionviawatersplitting

WiththesupportbytheNationalNaturalScienceFoundationofChinaandtheChineseAcademyof
Sciences,theresearchteamledbyProf．LiCan(李灿)attheStateKeyLaboratoryofCatalysis,Dalian
InstituteofChemicalPhysics(CAS)proposedanddemonstratedapracticallyfeasibleapproachforscalable
solarhydrogenproductionviawatersplitting,named“HydrogenFarmProject”(HFP)．Thisapproach
realizedaworldrecordsolarＧtoＧhydrogenefficiencyexceeding１．８％,whichwaspublishedinAngewChem

Figure　Schemeofhydrogenfarm projectforscalablesolar
hydrogenproduction．

IntEd (２０２０,DOI:１０．１００２/anie．２０２００１４３８)
Harvestingandconvertingsolarenergyintotheformofchemicalfuelsisapromisingsolutionforsolar

energystorageandutilization．AmongthesolutionsforsolarＧtoＧchemicalenergyconversion,photocatalytic
overallwatersplittingusingparticulatephotocatalystsisregardedasaneconomicalapproachforhydrogen
production．However,themethodsuffersfromextremelylowsolarＧtoＧhydrogenconversionefficiencydue
tothepoorchargeseparationefficiencyandthepossiblereversereactionbetween H２ andO２,greatly
challengingthelargescaleprocess．

Inspiredbythenaturalphotosynthesisintheagriculturalprocess,Prof．Lisgroup proposeda
practicallyfeasiblesolarenergystorageapproachviaaredoxshuttleionloopcomprisingtwosubＧsystems:
oneishighlyefficientphotocatalyticwateroxidationforsolarenergystorageandprotonsproduction,and
theotheristoutilizeprotonsandtheelectronsstoredintheredoxshuttletoproduce H２．Assuch
approachisprincipallyanaloguetotheagriculturalfarmprocess,namelyplantingcropsinalargescaleand
thenconcentratingtoharvestoncecropsareripe,itisnamed“HydrogenFarm”Project(HFP)．Inthe
HFP,wateroxidationandprotonreductionreactionsarespatiallyseparated,consequentlyresolvingthe
H２/O２gasseparationproblem．

TofulfilltheHFPapproach,highlyactivephotocatalystsarerequiredforefficientphotocatalyticwater
oxidationinthepresenceofshuttleions,andthereversereactionbetweenshuttleionsmustbecompletely
suppressed．Basedonthefundamentalfindingsthatthephotogeneratedelectronsandholescan be
spontaneouslyseparatedbetweendifferentfacetsofasemiconductorphotocatalyst,thisworkdemonstrated
experimentallythatBiVO４crystalsexposingboth {０１０}and {１１０}facetsexhibitedanextremelyhigh
efficiencyforwateroxidation,resultinginanAQEupto７１％,andmoreimportantly,thereversereaction
ofFe２＋ shuttleionscouldbecompletelyblocked．Withthisidealphotocatalyst,asolarＧtoＧhydrogen

efficiencyexceeding １８％ wasachieved,
whichisthe world record efficiencyfor
photocatalytic watersplitting systemsso
far．Meanwhile,ascalable photocatalyst
panelforsolarenergystorageviaHFPwas
demonstrated under sunlight irradiation
outdoors．Thisworkoffersapromisingand
practical strategy for solar energy
harvestingandsolarhydrogenproductionon
a large scale by using particulate
photocatalysts．


