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Functionalized Structured Reactors

Emission Control Reactors Solar Reactors

Soot nanoparticles, CO, HC, NOx Thermochemical processes
for energy production
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Functionalized Structured Reactor Development -

(Nano)-Particle Shaping of Coating/Functionalization of
Synthesis structured reactor bodies structured reactors
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From Droplets to Particles
with Different Morphologies/Nanostructures

1.8

1.6

droplets

1 particles

Normalized Distribution

10







Functionalizing/Coating Porous Supports .=
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Flexibility in Deposition Mode
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Functions of an
Emission Control Reactor (4WC)

* Nanoparticle Separation: Filtration & Pressure Drop

= Reactor: Soot, CO/HC/NO oxidation, NOx reduction

= Ash Accumulator: Aging performance



Adding Multiple Catalytic Functions to a Porous Wall
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Aerosol Synthesis of Diesel Emission Control Catalysts
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Multi-Functional Filter-Reactor (MFR) Il

The MFR is a 4-way converter solution for soot nanoparticle removal and
oxidation, CO and HC oxidation and NOx removal.




MFR Assessment

4 times higher soot oxidation rate at 550 C compared to a State of the Art DPF
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Doping for Thermal Resistance to Sintering

Mixed Oxide Catalyst MOC 2




Filtration Efficiency
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Functions of a
Solar Thermochemical Reactor

=Volumetric Receiver: Absorption of solar radiation/conversion into heat

“Heterogeneous reactor: Gas solid reactions/Catalytic reactions



Key Enabling Technology: Redox Materials

Oxidation of reduced oxide
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Simultaneous H,0 & CO, splitting over a redox material .=

T = T H,0 splitti
T bed (C SPIITTIN
~ 00025 1 ed Q) L 1200 2 P g
g o
%" 0.002 1000 8
E H 800 ?
o

E 0.0015 Hz 2 E
g F 600 g
£ 0001 )
= 400 O
I -

0.0005 L 200

0 . . . . . . . . 0

0.003 1400
W
— 0.0025 1 Tbed (C) r 1200 eia.
©
i 0s = CO, splitting
~ 0.002 A o
£ 3
E 800 &
~ -
Fows{  CO CO :
] 600 S
£ o
£ 0001 - -
= 400 O
S s}
0.0005 L 500
0 T T T T T T T T T 0
0.003 L 1400
_0.0025 Tbed (C) L 1200
-]
3 oy i
£ 0002 wo g thermal reduction
— e
£ 800 %
20.0015 O g
-_— =
g 02 2 600 g
£ 0.001 + -
= 400 &
o~
Co.0005
: - 200
0 ; ; ; ; ; ; : ; ; 0
0 20 40 60 80 100 120 140 160 180

Time (min)



Reactant gas concentration: 100% CO,
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Solar Fuels Technology Evolution

HYDROSOL-I HYDROSOL-II HYDROSOL-3D HYDROSOL-PLANT
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Clean Energy & Materials from Sun, H,0 & CO,
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Solar Synthesis Gas

H, + CO »C,H, (Liquid Fuels/Fischer-Tropsch process)
4H, + CO, ->CH, + 2H,0 (Gas fuels, methane/Sabatier process)

H, + CO — C,H, (Plastics)

Sustainable Storage of Carbon AND Hydrogen!
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Vision: Sustainable Mobility and Clean Energy =

Enabler: Aerosol Based Manufacturing

1%

Solar Fuel Reactor

.
|
|
[ |
|
' Solar
co, :
|
1 fuels
CO, HC :
clean P !
3 I p
Coz ﬂ-:v
Air Capture Multifunctional

Emission Control Reactor



Carbon Neutral Solar Fuel Plant

Clean Energy and Green Mobility
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Helionomics — Solar to Liquid (STL) Fuels

6B [ICAQ  UNITING AVIATION

STL - Econom

Economics dominated by large investment cost
and cost of capital

— Mainly due to collection of solar energy and
interest

=>Thermochemical efficiency decisive

A path efficiency of ~10% is assumed to be
required for economic viability

Own calculations: Production costs of
1.3-2.9 $/I (publicly owned facility)

Gasoline equivalent MSP (USD/GGE)
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Biomimetic Integration of North and South
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PROMETHEUS Energy Corridor:
A Holistic Approach to Sustainability
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Regional Innovation and Smart Specialization
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A Solar Thermochemical Proposal
for the Black Sea’s life-threatening H,S

Solar Cracking of H,S Solar Steam Reforming of H,S
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Energy Corridor between Emirates-EU
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