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Thertmochemical Synthesisof SolarFuels
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SUNIlight-to-LIQUID II: Effic ient so larthe rmo ¢ he mic al synthe sis o f liquid hydrocaron fuels using tailored
por us-structured matenalsand heatrecuperation
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SUN-to -LIQ UID Proc e ss
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State of the art: solar-to-fuel efficiency of 4.1 %
Zolleretal, Joule (2022), 6, 7, 20, 1606-1616.
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Usolar reactor A

Objectivesand Challengesof SUN-to -1IQ UID
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50 kW 50 kW + heat recuperation MW + heat recuperation

Thilorthe porous structure to enhance radiative absorption

Demonstration of record-high 50-kW solarreactor
energy efficiency of 15%

Sc aling novelconcepts (IRL2) and lab-scale
developments (TRL3) to the field (TRL4-5)

Suc c e ssful on-sun operation of demonstrations in
relevantscale (>50 kW) forat least 6-months

Optimization and enhancement ofa high-flux
solar concentrating heliostat & tower system

Enhanced yield from novel 3D structured
chemically active redox materials

Inte grate heatrecovery into reactordesign

System analysesat multi-MW scale for> 80% GHG
reduction and production cost < 1.5 €/ Lfuel

Thermomechanicalstability to undergo hundredsofredoxcyclesathigh temperature

Maternalrecyclability in case of mec hanic alfailure
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Additive Manufacturing of Ac tive Matenal
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redox

Fabrication of ceria structures for
reduction/oxidation cycles:

* obtained via Dire ct Ink Writing 3D printing

e ceramic inkcomposed of waterbased solgel,
organic fraction and solid/inorganic powder

* required controlon the cerna powderand ink
rheologicalproperties forprintable re sults

 sintering at 1600 °C

freedom in the design ofthe porous struc tures and
theirassembly

rfaces (2023) 10(30), 2300452

‘> SUNToLIQUIDII .' GRC Renewable Energy: SolarFuels | Beatrice Musig 5



Design ofthe Hierarc hic ally Struc tured Matenal
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modularincident angle-dependent
hierarc hic ally c hannelled struc ture forthe
High Flux Solar Smulator5-kW reactor
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Conclusionsand Outlook

On-going effort to advance solar thermochemical
fuel production toward higher efficiency and
increased technological maturity

e Demonstrate scale-up from the 5-kW scale
tallored modular monolth assembly following
msights from simulations to obtain enhanced
radiative absorption and imprved themmal
unifo ity

« Implement fabrication via additive manufac turing
of the engineered cemna porus structure for the
50-kW solar reactor

e 'The next crucial phase of the project wil focus on
expermental validation under real solar

conditions, with on-sun testing campaigns in the
IMDEA solartowerfacilty

Pass by Poster #44!
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