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Syzygy chemical reactors replace heat from fossil fuel
with light from renewable electricity

Based on novel photocatalysts How reactors operate today How Syzygy reactors work
developed at Rice University CED IN
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Our Vision: Drive 1 gigaton of CO,eq emissions reduction

by 2040
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Syzygy’s photocatalysis technology:
Unique, novel science

Lab test data demonstrating the increase in feed conversion with increasing light intensity in P-SMR™
photocatalyst at constant reaction temperature

60% P-SMR™ = Photocatalytic steam methane reforming
(2]

0% o Conventional catalysis: Reaction rate has

40% exponential relationship with temperature

o Syzygy photocatalysis: Reaction rate has
exponential relationship with both temperature
and light Intensity
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S Syzygy Scale Up Progress to Date

N

Micro First Basic Small Cell Advanced Small Cell 3-Cell 10-Cell Large Cell Reactor
Reactor Photocell Reactor Reactor Reactor Reactor | (TODAY —Multiple Iterations)
2018 2019 2020 2021
H, Produced 10 mg/day 100 g/day 1 kg/day 5.4 kg/day (P-DA)
kWh per kg H, 0.5 MWh 68 kWh 49 kWh 23 kWh (P-DA)
TRL 3 4 5 6
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Reactor Simulation and Modeling

Multi-Physics computer models for photocatalysis as a Predictive Model for reactor performance

o Multi-Physics Models (COMSOL, Python) for Geometric Optics Reaction kinetics
geometric optics, ray tracing, heat transfer, fluid flow, Reaction Profe
and mass transport are combined with reaction
kinetics.

o Modeling to predict the performance of a new
photoreactor and/or to improve the performance of
our photoreactors.

Molar Fractions

o This allows us to evaluate designs without having to
. 10 15
build and test a reactor. Catlyst Bed Length (cm)

Sample images
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Syzygy IP Position

Patent Family Status (combined/summary) Other IP notes

Photocatalyst

Photoreactors

Advanced Photoreactors

Chemical Production
Systems
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Granted: 7 jurisdictions
Pending: 9 jurisdictions

Granted: 3 jurisdictions
Pending: 39 jurisdictions
Provisional: 1

PCT: 1

Provisional: 1

Provisional: 1
PCT: 1

Multiple new patents in
writing

Trade Secrets: ~2 dozen
Trademark strategy in place



SYZYGY IS ACTIVELY DEVELOPING

FOUR PROCESS TECHNOLOGIES

P-SMR

> Photocatalytic Steam
Methane Reforming

(CH, + H,0 — 3H, + CO)

METHANE

CO, from DAC

(By Others)

P-DMR

Photocatalytic Dry

Methane Reforming
(CH, + CO, — 2H, + 2CO)
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Hydrogen

(Vehicles, energy, and industry)

o ifl &Y
"DOUBLE
REFORMING"

Syngas/Methanol

(Industry)
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»

Green Ammonia

(Agriculture and energy export)

P-AS
Photocatalytic Ammonia
Synthesis
(3H, + N, — 2NH,)

"G)'G)"'@'G"OR

Long Distance
Transport

Green Hydrogen

P-DA (Vehicles, energy, and industry)
Photocatalytic >

Decomposition of Ammonia i a E :E
-

(2NH; — 3H, + N,)




P-DA™ (Ammonia Splitting) Reactor Test Data

P-DA™ reactor best results
100% 6.0

Max energy efficiency observed 56% o0% 1 e e e e /Et L so
9 s 80% + : -
(produced H, basis) S ] \___f/\/_“ﬁ_ |2
Max conversion observed 100% § oot /_//\ 5:’
g 50% 4 30 g
Max H, / day production observed 5.37 kg-H, per day § a1 E
5 . | Energy Efficiency 120 £
Next Reactor Size 200 kg-H, per day s o
bl 20% + 110
Longest duration test performed 200 hours 10% T
With the Same CatalySt 0%0:00 1:=12 2:=24 3:=36 4:=48 6:=00 7:=12 8:240-0
Feed 100% NH3 1 pass Time on Stream (hh:mm)
Space Velocit ~7000/h
P v / 1. Test results with the Large Cell Reactor
Electrical energy in (This Test) 23 kWh per kg-H, 2. Reactor made with glass, aluminum and plastic
Electrical energy in (Goal) 10 kWh per kg-H,
8
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P-DA™ produced H, cost estimates

Comparing Syzygy’s P-DA™ To Thermal Cracking of NH; Good technology performance translates

to great economic benefit potential

Thermal NH3 | Syzygy P-DA | Syzygy P-DA
Cracking (Pilot Est.) (at Scale)
Ammonia (kg) 8.6 5.7 5.7 7% 24%
o advantage advantage at

Electricity (kwh) 4.8 23.0 10.0 today scale

Total Input (kwh / kg H2) 49.2 52.5 39.5 $3.68 $3.43

Projected Energy Efficiency 68% 63% 84% $2.78

Thermal NH3 Cracking Syzygy P-DA Syzygy P-DA
(Pilot Est.) (at Scale)
Ammonia Electricity
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Syzygy’s Technology Platform Unlocks

the Full Hydrogen Value Chain

. Current Uses Future and Emerging Uses
+ Syzygy’s platform technology will integrate at m—
multiple points within the hydrogen value chain ?ﬁ%%ogy P.ASTM

« Primary demand for hydrogen can potentially Applied:

increase 6x from 2020 to 2050 2020 Hydrogen Demand Future Demand
(mmt)

* Upstream hydrogen demand supports many
multiples of downstream products

Synfuels

* 1kg of H, supports 6kg of NH,
+ 1kg of H, supports 8kg of MeOH Ammonia

P-DMR™ for CO, -> Synfuels

P-SMR™ + P-AS™ for

A . P-SMR™/P-DMR™ for MeOH
mmonia

Methanol

Ammonia

+ Syzygy technology will be able to enable the
hydrogen economy throughout the value chain

— P-SMR™ + P-AS™ for
Use a combination of P- Ammonia (fertilizer and fuel)
SMR™ and P-DMR™ to
enable CO2 utilization

and methanol synthesis

Methanol

« Enables primary H, production rransport P ——
production or as precursor

for transport

» Converts H, into NH; for cost-efficient storage
and for transport

Buildings,
PSMR™ for use in Power,

. Grid.
refining and other

industry applications

2) P-AS™ for conversion to

Other* transport vector or storage

» Reconverts NH; into H, at the point of use

« Enables CO, utilization for things like MeOH
and other synfuels

3) P-DA™ for reconversion
from Ammonia on site

Other*

IEA Global Hydrogen Review 2020

Copyright 2021 Syzygy Plasmonics Inc. All Rights Reserved CONFIDENTIAL 10


https://iea.blob.core.windows.net/assets/e57fd1ee-aac7-494d-a351-f2a4024909b4/GlobalHydrogenReview2021.pdf
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URL:


http://www.plasmonics.tech/
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