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The rmo c he mic a l Synthe sis o f So la r Fue ls
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• Utilize  Concentrated Solar Power

• Dire c t c o nve rsio n o f hig h te mp e ra ture  

so la r he a t into  c he mic a l e ne rg y

• Solar-driven thermochemical CO2 and 
H2O splitting fo r the  synthe sis o f 

c a rb o n ne utra l fue ls fo r a via tio n 

• Via hig h te mp e ra ture  

reduction/oxidation cycles

SUNlight-to-LIQUID II: Effic ie nt so la r the rmo c he mic a l synthe sis o f liq uid  hyd ro c a rb o n fue ls using  ta ilo re d  

p o ro us-struc ture d  ma te ria ls a nd  he a t re c up e ra tio n 



SUN-to -LIQ UID Pro c e ss
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Redox active material:
• Ce ra mic  ma te ria l with ra p id  re d o x kine tic s a nd  

g o o d  sta b ility

• Ce rium o xid e  CeO2 CeO2-δ c yc ling

• Pre vio usly: Re tic ula te d  Po ro us Ce ra mic  struc ture

Zo lle r e t a l., Jo ule  (2022), 6, 7, 20, 1606-1616.

GRC Re ne wa b le  Ene rg y: So la r Fue ls  |  Be a tric e  Musig

State of the art: solar-to-fuel efficiency of 4.1 %

1500 ºC 800 ºC



Ob je c tive s a nd  Cha lle ng e s o f SUN-to -LIQ UID II
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SUN-to-LIQUID II 15% 

SUN-to-LIQUID II
De mo nstra tio n o f re c o rd -hig h 50-kW so la r re a c to r 

e ne rg y e ffic ie nc y o f 15% 

Sc a ling no ve l c o nc e p ts (TRL 2) a nd  la b -sc a le  

d e ve lo p me nts (TRL 3) to  the  fie ld  (TRL 4-5)

Suc c e ssful o n-sun o p e ra tio n o f d e mo nstra tio ns in 

re le va nt sc a le  (>50 kW) fo r a t le a st 6-mo nths

O p timiza tio n a nd  e nha nc e me nt o f a  high-flux 
solar concentrating heliostat & tower system
Enha nc e d  yie ld  fro m novel 3D structured 
chemically active redox materials
Inte g ra te heat recovery into  re a c to r d e sig n

Syste m a na lyse s a t multi-MW sc a le  fo r > 80% G HG  

re d uc tio n a nd  p ro d uc tio n c o st < 1.5 €/ L fue l

• Ta ilo r the  p o ro us struc ture  to  e nha nc e  ra d ia tive  a b so rp tio n

• The rmo me c ha nic a l sta b ility to  und e rg o  hund re d s o f re d o x c yc le s a t hig h te mp e ra ture

• Ma te ria l re c yc la b ility in c a se  o f me c ha nic a l fa ilure



Ad d itive Ma nufa c turing o f Ac tive  Ma te ria l
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Fabrication of ceria structures for
reduction/oxidation cycles:

• o b ta ine d  via  Dire c t Ink Writing  3D p rinting

• c e ra mic  ink c o mp o se d  o f wa te r-b a se d  so l-g e l, 

o rg a nic  fra c tio n a nd  so lid / ino rg a nic  p o wd e r

• re q uire d c o ntro l o n the c e ria p o wd e r a nd  ink 

rhe o lo g ic a l p ro p e rtie s fo r p rinta b le  re sults

• sinte ring a t 1600 ºC

• fre e d o m in the  d e sig n o f the  p o ro us struc ture s a nd  

the ir a sse mb ly

Sa s Brunse r e t a l., Ad va nc e d  Ma te ria ls Inte rfa c e s (2023) 10(30), 2300452



De sig n o f the  Hie ra rc hic a lly Struc ture d  Ma te ria l
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p o re  le ve l ra y tra c ing  mo d e l, b a se d  o n g e o me tric a l 

o p tic s a p p ro a c h is c o up le d  with CFD in CO MSO L

te mp e ra ture  d istrib utio n with inc id e nt 

a ng le  5 º a c c o rd ing  to  the  CFD simula tio ns 

in 5 d iffe re nt hie ra rc hic a l struc ture s

mo d ula r inc id e nt a ng le -d e p e nd e nt 

hie ra rc hic a lly c ha nne lle d  struc ture  fo r the  

Hig h Flux So la r Simula to r 5-kW re a c to r



Co nc lusio ns a nd  Outlo o k
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IMDEA Energy facility

O n-g o ing e ffo rt to advance solar thermochemical
fuel production toward higher efficiency and
increased technological maturity

• De mo nstra te scale-up fro m the 5-kW sc a le

ta ilo re d mo d ula r mo no lith a sse mb ly fo llo wing

insig hts fro m simula tio ns to o b ta in e nha nc e d

ra d ia tive a b so rp tio n a nd imp ro ve d the rma l

unifo rmity

• Imple me nt fabrication via a d d itive ma nufa c turing

o f the e ng ine e re d c e ria p o ro us struc ture fo r the

50-kW solar reactor
• The ne xt c ruc ia l p ha se o f the p ro je c t will fo c us o n

e xp e rime nta l validation under real solar
conditions, with o n-sun te sting c a mp a ig ns in the

IMDEA so la r to we r fa c ility
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Fund e d  b y  
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