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Deconstructing the world’s problem
to create carbon negative solutions



How can we produce sustainable energy / hydrogen and
remove excess carbon from the sky that’s causing climate
change, at the same time”

...The answer comes from nature:



Leveraging on the very definition of sustainable energy:
..... Over 3 Billion years of photosynthesis, C & H cycles...

=» Plants takes CO, out of the atmosphere and combine it with hydrogen &
oxygen to make carbohydrates (sugar building blocks) for growth 6C02 + GHZO — C6H1206 + 602

=> >20 Million tonnes of plant biowaste is generated in NSW alone each year ° Photosynthesis

which either biodegrades, is burned or landfilled. This is full of recoverable
hydrogen and carbon.

OH 02

HOH2 HOHZC

* Glucose . CeIIquse * Lignin



SEATA - Carbon Negative Hydrogen with co-benefits

SEATA: RENEWABLE ENERGY / HYDROGEN with Significant Carbon Sequestration

Problematic
CARBON-BASED
CO-FEEDSTOCKS

e.g End-of-Life Plastics <
Ocean Plastics Hi e
Biosolids (Sewage) On Demand
Coal Tailings : g Green Power /
Invasive Weeds Process Heat

/ 25-40 t/h, Theoretical >100 t/h
High Moisture Feedstock Capability

Biomass is Carbon Negative
= Tradeable Drawdown Credits to

Sustainable achieve/exceed Net Zero Targets

BIOMASS

Wasted Biomass Resources
(currently landfilled or burned)

_—

Carbon Negative
HYDROGEN

BIOMETHANE

Low Cost
CARBON-NEGATIVE

HYDROGEN
>50-60+% of Syngas

S Aternative Derivatives:
GREEN AMMONIA
GREEN METHANCL

PRIMARY
SEQUESTRATION
MECHANISM

SECONDARY
SEQUESTRATION
MECHANISMS

Sustainably Farmed Biomass 50% of Carbon Infeed Mass 10-25% of Carbon

(Terrestrial & Aquatic)

Infeed Mass

converted to solid char

GREEN OLEFINS

CARBON SEQUESTRATION

50% of Carbon Infeed
Sequestered Long Term as
Chars / Biochars

Plus

>—..
Potential Additional 10%-

25% via secondary
mechanisms =

Sequestering up to 75% of
Carbon Infeed Mass




How does SEATA thermal technology work, and how does it
differ to conventional technologies?

....We combine the best aspects of two thermal treatments called
pyrolysis (no oxygen) and gasification, without the usual limitations
of each.......... we do this via Chemical and Thermal looping (CTL)



Conventional

Greater than Less than

L cdier 1 stoichiometric oxygen* | Absence of oxygen o Thermal Treatment

stoichiometric supply or steammn as the Steam I ——

. . : :
of oxygen oxidizing agent CO nversion
800°C to 1200°C 800°C to 1200°C 350°C to 600°C TeCh nOIO 1€S.
(1450°F to 2200°F) (1450°F to 2200°F (660°F to 1100°F)

Heat, Incineration Vs

Heat and

Combustible gas Combustible liquid GaSiﬁcation VS
Pyrolysis

and Combustible gas

CO; and H-O Ty CO and H»

Thermal Conversion of Biomass Combustion systems use heat to boil water

DEPENDS ON HEAT AND OXYGEN R Gasification (requires a lot of energy) for CC turbines,

» Must think about thermal conversions based on CO¢&— — CO r‘esu|ting in max 34% BMP conversion efficiency
heat and oxygen use H,O0e— —> H, to electricity

4 P NOye— —> N,
Combustion SOxe— —>H,S

/ Relathie Gasification produces a fuel-gas. Clean high
Gasification Volume energy fuel gas could directly power a gas
vd Minerals |G engine (avoiding boiling water), resulting in
;yrolysis Aggregate >50% conversion efficiency to electricity. At
scale this has significant implications for

peaking power and baseload generation.




Biomass Typical Composition

Nitrogen _ Composition of Air
78% \

Carbon ———

Dioxide, =i
Water Oxygen
Vapour and 21%

other Gases
1%

Conventional combustion & gasification uses Air to get Oxygen = ~80% waste (atmospheric nitrogen!)
i.e. using air = significantly higher emission control & plant size/costs (high CAPEX)
=» SEATA deliberately doesn’t use air-blown gasification.

B Carbon

B Hydrogen
Nitrogen
Sulfur

m Oxygen




Incineration Vs Gasification Vs Pyrolysis...Vs SEATA CTL

ENVIRONMENTAL
PERFORMAMNCE
Design Factors

Off-gas volume to be treated

General Environmental
Performance

Linear / Circular Economny
(Resource Recovery)

Dispatchable Energy

GHG Emissions [incl C03)

Carbon Abatement /
Sequestration

Hydrogen
{Economic Recovery)

Harmful Pollutant Emissions

(Particulates, Heavy Metals,
VOC's, POPs, NOx, Dioxins &
Furans)

Emission Control Systems
(ECS)

Water Usage

Problematic Ligquid Produced
{Oils, Tars, Resins, Water)

Bottom & Fly Ash for
Disposal (Potentially Toxic
Solid Waste)

Incineration

{combustion, excess oxygen)

Conventional Air-blown
Gasification

{partiol oxidation)

{air-blown= high N2)
High

Conventional Pyrolysis

{low/no Oxygen)

Moderate

SEATA Catalysed Pyrolysis &
Partial Gasification via chemical looping
(indirect O transfer from air low Nz in syngas)

Liowss
{not directly airblown (air is 78% Nz), therefore up to 78% less volume]

Lower
key advantage over combustion is lower
NOx farmation

Better
(if bio-oils are dealt with correctly)

Higher
benefits of pyrolysis and gasification combined, hence only clean syngas and biochar
produced

Linear, Poor LCA
syngas linear due to dilution with M3,
marginal resource recovery as charcoal

Circular
syngas linear due to tar contamination, some
resource recovery as biochar, bio-ails difficult
to process / limited uses

Circular
syngas derivatives possible due to the high concentration of Hz and CO plus functional
biochar resource, with no bio-oils generated - all converted to useful syngas

No - heat must be used immediately via
steam cycle [base load)

Yes — via syngas storage and bio-oils, but
multiple units required to scale with, no
Increase in thermal efficiency.

Yes - via syngas storage and derivative of syngas, e.g, Hz
Much higher thermal efficlency [particularly at scale) = net energy producer

High

Low to carban negative

carbon negative energy

Low

10% Carbon in feed converted to
charcoal, remainder to CO,

Moderate

Lower off-gas volume to treat than
incineration but still large, lower NOx

High
~50% Carbon in feed reports to solid char

High
~50% Carbon in feed reports to solid char, plus potential future recovery of carbon in
syngas (e.g. high grade CO, into CCUS, total removal potential increases to over 75%+)

Yes, but difficult due to contamination of the
syngas with tars and oils, i.e., further
processing required

Yes,
Low cost, easy to separate
Carbon Negative Hydrogen

Moderate
Low off-gas volume to treat, syngas still
contains tars, dioxins and furans. Hence
specially designed combustion systems
required to destroy tars, dioxins & furans.

Lowa
All syngas generated by the process is pre-cleaned at high temperature in the presence of a
catalyst to destroy residual tars & halogenated compounds (second reactor], then wet
quenched / scrubbed to remove soluble components and avoid reformation of dioxins and
furans. Clean preduct syngas capable of economic recovery for derivatives, or for lower
emission combustion without post-treatment (similar to natural gas or LPG for example)

Highly Dependent
on Pollution Contrals

[Similar to Incineration, but lower gas
volume to treat and lower NOx)

Highly Dependent
an Pollution Controls
Syngas requires further pre-combustion
cleaning before use. ECS requirements scale
dependent. Complicated with halides and
dioning and furans.

Low Dependency
Pollutants are dealt with as part of the process, e.g., alkali metals remain with the biochar;
tars and oils destroyed (deconstructed), syngas is wet scrubbed; so the resulting syngas is
clean & ready for use. Downstream users of syngas do not require additional ECS.

Low
Water consumed for capture of bio-oils and
indirect cooling

Lowa
Make-up water for wet quench / scrubber only

Yes
Alot of tar and oil by-products, reported
beneficial wood vinegar,
plus serubber water

Na
All pils and tars destroyed. Only a small purge of water from the quench / scrubber to
manage solids accumulation. This can be further evaporated to form a solid If required

No Ash
Ash remains with the biochar

No Ash
Ash remains with the biochar, metals bound / not bioavailable.




Incineration Vs Gasification Vs Pyrolysis...Vs SEATA CTL

ECONOMIC
PERFORMANCE
Design Factors

Economic Scalability &
Throughput

Incineration®

{full combustion, high excess
oxygen)
High
[=100's tph per module)

Conventional Air-blown Gasification
{partial oxidation) {air-blown, high Nz)

Moderate
{10°s tph per madule)

Target Application

Large Scale, centralised

Med scale centralised

Energy Efficiency

(thermal energy available for
other processes, Le., generation
of electricity)

Moderate (50-60%),
Using Rankine cycle

Moderate (40-65%)
Two-stage combustion, plus Rankine cycle

Conventional Pyrolysis

{low/no exygen)

Moderate (50%), with C capture
High parasitic heat losses, only ~1/3 of the input
energy available for combustion as syngas, syngas can
use in combined cycle gas engines after further
cleaning

SEATA Catalysed Pyrolysis & Partial
Gasification via chemical looping
{indirect O: transfer from air low Nzin syngas)
High
(5=-40 tph per module current designs, with >100 tph
possible in the future)

Flexible small to large scale, central or decentral

High | 70-80%), with € capture
Lower heat losses due to scale of operation, higher
process intensity, high proportion of clean syngas (~2/3
of the input feed) that is ready for use in gas engines,
therefore combined cyde power generation possible

Technology Readiness

Mature, proven at scale

Mature, proven at scale

Maturing, proven at small scale

Emerging (TRL &)

Parasitic Load Losses

Moderate

Moderate

Feedstock Moisture Content
Capability (Techmical)

Linear Economy Vs Circular
Economy

Feedstock Compatibility /
Flexibility

Primary Reaction Temperature
in commercial systems

Atmosphere

Pressure (bar)

Stoichiometric Ratio

Principle Outputs Products:
(Products)

Gases:
Liquids:

Solids:

Principle Gas Components

inefficiencies)

By-Products / Waste (throughput

CAPEX

High

No liguid products  (scrubber waste only)

Moderate

Moderate
Typically, 10-20%, max S0%
feedstock pre-drying required

Moderate
Limited feedstocks and particle sizing is important

Moderate

Circular
(biochar & liquids, syngas for immediate energy only)

Low

High
Typically, 20-30%, but can handle up to 70-80%,
however net output energy is lowered

Cireular (Full Potential)
[biochar and storable syngas for derivatives/products OR
energy on demand )

Maoderate

High
Good flexibility / versatility

Moderate
750—1000°C (airblown)

Low

Low
350-700°C (primary reactor), all syngas from primary
reactor treated to 850°C to achieve complete thermal
decomposition of all volatile tars and oils.

Partial Air

Low /Mo Oxygen

Low Oxygen (O, supplied via chemical looping

1-10

1
[and can be designed in future to be pressurised)

<1

0

0-02

Lean Syngas

Char + Liquids + Rich Syngas [dirty)

Char + Rich Syngas (clean)

Combustible Lean Syngas

Combustible Rich Syngas

Clean Rich Syngas = economically recoverable products
or energy, including energy on demand

0-20% Liquid product,
(plus scrubber waste)

Liquids [products & waste), (plus scrubber waste)

No problematic liquid products
(minor scrubber waste only)

Low char, High Ash waste
(ehar <10% of feed by mass)

High quality but expensive biochar
[~30% of feed by mass)

Low-cost, high-guality biochar [15-35% of feed by mass)

€0 and Hz, Nz, COg, CH4, HzO, + Other minor gases

Moderate
Scalable with moderate off-gas cleaning
requirements

€O and Hz, + hydrocarbons, Hz0, €Oy, CHa + Other
minor gases including nitrogen compounds, dioxins
and furamns

High purity Hz, €O, 0z
No hydrocarbons dioxins & furans
H; content >50% by volume.

Moderate

High cast for gas scrubbing reagents and
disposal of the resulting waste streams

Tars, resins, oils, pyrolysis water
(plus, syngas scrubber waste)

Minimal inert scrubber waste only.
No Ash/Liquids (no tars, resins, oils)

Low to Moderate
Good scalability and low gas cleaning duty

Low




Existing Conventional Technologies:

Bio-oils & Tars + Syngas

) Pyrolysis
Biomass L
- (indirectly heated)
External Heat

Good Quality Biochar

Gasification

Biomass

Dilute Syngas (low CV)

(partial
combustion

Air

Low Quality Char

Liquid Nitrogen

Biomass
Air
Separation
Unit

Gasification
Good Quality Syngas (high CV)

(O, blown)

Ash / slag

|
l = l

Water

Boiler




G

Biomass > Pyrolysis

—
»

Bio-oils & Tars + Syngas

Heat (indirect)

Good Quality Biochar

(partial
Air combstion

B
»

Dilute Syngas (low CV)

 Low Quality Char (high Temp)

n
»

Liquid Nitrogen

Biomass

Air
Separation
Unit

Gasification
(O, blown)

= Good Quality Syngas (high CV)

d Ash /slag

Water Boiler

5



Mass Recovery (% 'ar')

SEATA — Thermal + Chemical Looping (TCL)

Air
Biomass

(o]
o

(o))
o

N
o

N
o

o

. Gasification
Pyrolysis
(gas phase only)

© Wood Chip
@ Nuts Shells

© Crop residue

300 400

Temperature (°C)

Nitrogen enriched Air

Good Quality Syngas (high CV)

Good Quality Biochar

High Quality Products, Syngas +
Biochar.

Scalable process design.

Minimised energy consumption.
Minimised syngas volume, Maximised
concentration.

Controllable Syngas composition.
Syngas suitable for synthesis into
methanol, F-T, methanation, etc.




Process Intensification: RISIEEE

|
Biomass feed rate = 1000 kg / h m I
| |
—‘ -1 |
| Ju + o o

Conventional Indirectly

* Ambient Pressure Heated Pyrolysis
* No phase change

i)
5%
T =
oq
Q2
> o
E 7
Q ©
c o
5 &
(0]
€ S
S

o)
Q
c 2
-

SEATA — Thermal + Chemical
Looping equivalent (9 x increase)




SEATA vs Conventional Industrial-Scale Gasification Plants (including Methanation)

No expensive ASU + No Power Plant + No High Pressure Air Argon

Separation ,
! Nitrogen
Chemical looping simplifies gasification Unit -

CO, stored at EPQ10, or EOR @ US$25/t

Reduced Thermal Process Energy Losses
No Air Separation Unit (ASU) - SSS very high CAPEX

No High Pressure Compressors
» SEATA at atmospheric pressure

CO,

Z

Electricity>

Power Plant

0]

{ﬁ

No slag water quenching

| I
* No wastewater (‘black water’) treatment plant \/ I|
|

Methane m

No Power Units

CO,

* Low power consumption Gasification

»w oM o< O

* Co-generation plant unnecessary Plant
High Pressure Vessel
High Temperature
Water Treatment Plant
Compressors +

Aux Equipment Scrubber+ Acid
CO
. : Gas Removal

Syngas

Credit: SB, 2020



Complementary/Synergistic with Conventional Technologies:
Green & Blue Hydrogen & Conventional Renewables (solar/wind etc)

* “Nature’s Battery” - Night-time/dispatchable generation optimizes CAPEX for integrated systems for 24/7 continuous generation
* CO, Removal to assist genuine Net Zero for integrated systems with positive footprints.

» Feedstock carbon for battery storage technologies to support solar/wind renewables

Sodium-Carbon Batteries — potential to help turn desal brine wastes into resources to avoid ocean disposal (Zero Liquid Discharge)

* Biochar/H, to Enhance rNG/Biomethane production from Anaerobic Digestion (AD)
* Potential to further assist blue and grey hydrogen (no $S ASU unit needed, high purity CO, facilitates CCUS applications)
e Additional Revenue streams from co-benefit markets (carbon commodities & removal credits) to optimize CAPEX and OPEX

 Potential for further emissions reduction and displacement/avoidance credits (including via CCUS applications) in addition to

providing carbon dioxide removal (CDR) credits via biochar.

* Provide additional “green” jobs, notably in rural and regional areas



Thankyou. Questions?

SEATF

Deconstructing the world’s problemsg
to create carbon negative solutions
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