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* The objective of the project is the desic
of a sustainable (concentrating) solar
facility for thermochemical or photo-
electrochemical processing of solar fue

(hydrogen and/or synthesis gas) and th,

prediction of the solar fuel’s cost.
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Introduction & objectives

= The stormge of sl energy (.8 a5 @ fuel], within sght of later utiEsation, might ke a suitable wivy to belp I compensate energy reeds where sed when suffident energy
cannct be produced

= This projen o analyse a thermodsical bedrogen processing plant in crder to determine optisal cperating conditions for a large-scale instaliation.

= CSP processes consisd in producieg hydrogen-based by spiitting warter using a metallic subsirate (helerogersous reaction, T«700 K], which i obtained through high

a cormesponding metal cxise, InG in our case. We renial the anaiyis 1o ydroges (H,) production, mastly becauste it & a cean fuel

ns of equipenent needed as well as thermodynamical and chemical

nempertune reduction [T=3250 k)
* While the eriginal goal of the project was 1o optimise a plant, the complexity of such system:

35PCts Mk Ehe wary 10 the Optimation of 2 plant very loeg. Therlore, the Stention bas been focused on 3 et ssalysss of 3 plant
* Numerous plant types slready edst, designed for different scdes and efficiences. It mght then b intereting 10 design 3 bybrid system that would yield better

pertormances.

Plant schematic

Methodology
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Conclusions &
* The resuts achually deserisr a + medlum-scake 3 (=30 tors of H, per year) Racabvar LOMprEsIor
Fathir tha a & large-acale = plant. 3% / ELY
* The prosuction cbiained thenugh this mecio scoke ProCEs sees promisieg, Carsts cistribution: ‘1
as Lk of H, IS redviedirys errpetically ¢ gubvabent to 4L of &l
* Several assumerioes have bisn mace during this snakysis, making s proje
a buasls for Purthes ressarch:
- Cramistry shouid be investigated, notatdy Sfferent reactaens,
= Mary aspects regardng heat exchaeges |power bak hawe Hebostats
bean Smplifed, resutieg in 4 « enaad paramaters » mase, | 15
= The cptical effickency’s prediion can be imeroved by considering Elements nor conskdensd. 1% /
: this Bight of thi towes. A fand, reactenes, piping e
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e Solar irradiation - Earth’s ultimate recoverable oil resource delideire1.5 days
- Global annual energy need delivered in 1 hour
- 0.1% of earth surface covered (20% efficient)\adb global annual energy

KWRm = iday
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ewe 1 100,000,000 Source: NASA
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 But solar energy is:
— Dilute
— Unequally distributed
— Intermittent

e Storage (e.g. as fuel)!

)
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* Photoelectrochemical fuel production

1/20, «+2H*+2e+1/20, < H,0

[CO+2H+2e«> CO+H,0
2H+2e > H, —

T l

> H,/CO

\& Y,

— H,0/CO,

Haussener et al., EES,

o Solar thermochemical fuel production (temperatardgl00C)

CO/H, +

(" MeO o Me+1/20, —Y~ 1/20,

T |

— MeO+H, & Me+H,0 «— H,0/CO,
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kMeO+CO<—> Me+CG, y

ausseneet al., JSEE, 200
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» Possible plant design - photoelectrochemical:

0
4hv+4H" + 4Ny 2H,4 4A 4hv+2H,0+4A O, +4H'+4A H, Outlet
Plastic Case Outlet l
Perforated  porous _ _ . Electrolyte, O, [ Panel
Pipes Bridge ', : Particle . : Transparent TC Anode ane
\ .' \ / Film ; Electrode
Driveway i i

Electrolyte, H, ) 21D «— Water Inlet
0, Baggie H, Baggie 2m m lT'
Pinaud et al., EES, 2013.
Baggie Reactors  Input/Output Ports Recirculation Pumps Ll
1
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O, Compartments H, Compartments  Wiring and Piping
L ]
! 61m !
373m

greendiary.com
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* Possible plant design — solar thermochemical:

product

receiver
.~ unit

secondary
concentrator

Romero et al., JSEE, 2002.
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* Project d’'ingénierie simultanée

o Large-scalesolar fuel processing plant

* The objective of the project is the design of danable (concentrating)
solar facility for thermochemical or photoelectr@rhical processing of
solar fuels (hydrogen and/or synthesis gas) angtiadiction of the solar
fuel’s cost.

e Choice of chemistry: thermodynamics, kinetics ...

* Reactor design: modeling (heat and mass transport)

e Plant design: external components, concentratrdgarfaces ...
 Economics: prices of materials, components ...

» Life cycle assessment: energy requirements of migeand components .

e 2 teams of 2 students
agl) ﬂFw Haussener | December



