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* Introduction of reactor modules & integrated system
= Experimental results
» Discussion on improvement options

= Summary
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Integrated system demonstrator: FLO\"\;"-_, ‘#7
Reactor modules and light source %;3 DLR
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Reactor modules & test rig: lllustrations
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Experimental results: Irradiation fluxes on active planes ‘#7
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Experimental results: pEc_ = PT B{ EC__ =
H,O H, ﬁCOZ CO ﬁHZO C,H,

Integrated system DLR
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PT reactor: Operational challenges
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. . g 2 2 — % ~
= Deviation of feed composition ¢ 16%
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» Crack in catalyst frit
» Bypass flow reduces conversion
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PT reactor: Design optimization
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Process model on flowsheet level
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System model on flowsheet level

" Flowsheet Simulation implemented ... | =
in Aspen Custom Modeler® (ACM)

PPPPPPP

» Custom models of physical reactors| ..
(PEC, PT & EC) I

= Model reactor performance as function
of operation conditions

» Balance-of-plant component models (pumps, valves, phase separators, heat
exchangers) from ACM database

= Simulate operation of cascade system - Optimize operating conditions for
max. system efficiency
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Discussion on improvements
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» Strategy towards STC improvements
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= PT
= Apply H,:CO, molar ratio of 1:1 in PT feed
» Reduce thickness of catalyst layer to avoid back reaction of CO
* No bypass flow through crack in frit (~ 20%)
= PEC
= Operate at higher irradiation level
= System
» No streams for gas analysis

System model

Efficiencies based on AhQ
* STC(C,H,): 0.64% - 1.3%
* STC (C,H,, interm.): 6.8% > 8.7%
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Summary & Outlook ‘#7
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» Integrated cascade system for solar ethylene production demonstrated in a practical
environment

» First-time operation of such a reactor cascade (PEC + PT + EC)

» General feasibility of approach confirmed, relevant amounts of ethylene produced at
reasonable STC efficiency in a challenging context: 0.64% (C,H,) ... 6.8% (C,H,,
interm.)

* Modeling approaches elaborated as a basis to derive strategy towards STC (C,H,)
efficiency improvements

—> Technical refinement will help to increase the Ferformanqe and stability of the PT
reag{:tor & EC reactor under conditions relevant for operation in the integrated
system

- Comprehensive system model will be used to further explore system optimization
potential (improved heat utilization, recycling of reactants, ...)

David Brust, Institute of Future Fuels, 15.04.2026 ISEC 2026
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Project video:
m https://vimeo.com/1008071679

www.flowphotochem.eu

o @flowphotochem

o
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PEC reactor: Background % EPFL 4#7
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Flux guide H,O
Housing
" CPV module = PEMWE stack
= Aegr = 142.4 cm? = Ao = 1600 cm?
* Pooimax = 10 KW (Cpax = 700) (32 cells a 50 cm?)
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PT reactor: Background )

5 PT =

= Hydrogenation of CO,
u RWGS C02 + H2 < CO + HzO

= Sabatier: CO,+4 H, - CH, +2H,0
(‘unwanted side reaction)

» Heterogeneous Photo-thermal

catalysis Window | Flux guide
» RuO,-SrTiO;, catalyst immobilized on ]

porous support, m.,; = 500 mg |nf|ow -
‘ - 1) . jl,. l ' . Porous ffrit

= Solar concentration: 40 — 80 Suns Immobilized: = _ L z @

= A = 144 cm?, (effective: 100 cm?) catalyst Outflow

* Pyoimax = 1.16 KW €9 )
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EC reactor: Background

Zero-gap electrolyser for CO reduction (COR):
= 3 cell stack with A.e = 100 cm?, Agiack = 300 cm?

Cathode: Cu-based Gas diffusion electrode (GDE)

Anion-exchange membrane (AEM)

Anode: Ni-Foam, KOH circulation

------------------------------

,’,(:;1'-|><>11 Fiber Microporous Catalyst /\nion.-excmm;;\

| Layer Layer  Layer  Membrane ! COR products:

L < 5 + Ethylene
L - Ethanol
* Propanol
. ; B 11 Acetate
ol

——————————————————————————————
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Experimental results: Fﬁ’ EPFL#
DLR

PEC reactor PEC St Hyte
tHzo H2
= Very stable operation (24.3 h total)
= Pyoiin = 3.2KW First testing day
-8 4000
f FMWW
@)
. 1 € 6- ! i ! i L3000 = Molar Flows
" TizpEc = 6.9 (6.5 — 7.3) == = > | —H: PEC OU
= 2400 — 2700 Sccm* E 4 - % L 2000 0(32 H2 PT In
E © Irradiation
L 2- i H—— 111000 8 | — golar P |
= STH(Ahg) = 17.0 (16.1 — 18.0) % 5 - R
=
0 0

0 50 100 150 200
Time On Stream / min

David Brust, Institute of Future Fuels, 15.04.2026  1SHG,E0%C, p,=1.01325 bar,

This material is part of an unpublished manuscript to be submitted for publication



Experimental results:
PT reactor

Mostly stable operation (21.8 h total)
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Experimental results: o N &
EC reactor co C,H, eChemicles N
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Scheme of integrated system
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Global reactions of relevance in integrated system

Reaction Name Main : . AGR AHX
(Reaction Environment) Product Global Reaction Equation kJ/?r?glK kJ/rzr;gglK
Water splitting (PEC) H, H,O (I) = H, + % O, 237.1 |285.8
RWGS (PT) cO H, + CO, = CO + H,0 28.6 41.2
Sabatier (PT) CHa 4 H, + CO; —» CHs + 2 H,0 (g) -113.3  [-164.7
CO reduction to C;Hq (EC)  CoHa 2CO+2H,0(l)> CHa+2 0, 817.0 [845.2
C,H4 synthesis (System) C2H4 2CO2+2H,0(l) > CHs+ 30, 1331.5 |1411.2
CHsCOO  synthesis (System) CH;COO™ 2 CO; + 3 H,0 (I) » CH3COO + H;0"+ 2 O, 874.9 875.2
C,HsOH synthesis (System) C,HsOH 2 CO; + 3 H,0 (I) » C;HsOH + 3 O, 1327.4 |1368.5
C3H7;0H synthesis (System) CsH,OH 3 CO;+ 4 H,0 (I) » C3H;0H + 4.5 O, 1963.3 |2021.3
CO synthesis (System) CcoO CO,—->CO+% 0, 257.2 |283.0
CH,4 synthesis (System) CH,4 CO2+2H,0(l) > CHs+20 818.2 [890.6
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Solar-to-chemical efficiency
DLR
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Reactor efficiencies ‘#7
DLR

= PEC reactor

. STHPEC(AHR) _ nHECAHWS/ pPEC

= PT reactor

. STCPT(CO,AHR) = n¢ AHRWGS/ sol

= EC reactor
= FEEC(C,H,) —JCZH4/1EC

= EEFC(C,H,, AHR) =l AHE, c,u,/PEC

David Brust, Institute of Future Fuels, 15.04.2026 ISEC 2026




	Folie 1: Operation And Optimization Options Of Integrated System Of Reactor Modules For Solar Energy Conversion Into Chemicals
	Folie 2: Outline
	Folie 3: Integrated system demonstrator:  Reactor modules and light source
	Folie 4: Reactor modules & test rig: Illustrations
	Folie 5: Experimental results: Irradiation fluxes on active planes 
	Folie 6: Experimental results: Integrated system
	Folie 7: PT reactor: Operational challenges
	Folie 8: PT reactor: Design optimization
	Folie 9: Process model on flowsheet level
	Folie 10: System model on flowsheet level
	Folie 11: Discussion on improvements
	Folie 12: Summary & Outlook
	Folie 13
	Folie 14
	Folie 15: PEC reactor: Background
	Folie 16: PT reactor: Background
	Folie 17: EC reactor: Background
	Folie 18: Experimental results: PEC reactor 
	Folie 19: Experimental results: PT reactor 
	Folie 20: Experimental results: EC reactor 
	Folie 21: Scheme of integrated system
	Folie 22: Global reactions of relevance in integrated system
	Folie 23: Solar-to-chemical efficiency
	Folie 24: Reactor efficiencies

