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Speaker Q&A Experts

A ‘ Dr. Ing. Habil. Dobrin Toporov
i Gasification Expert
GIDARA Energy
Associate Prof. at RWTH Aachen University

Dr. Elyas M. Moghaddam
Head of Research & Development
GIDARA Energy

Research associate TUDelft

Prof. Dr. Ing. Bernd Epple
Professor

Institute for Energy Systems and Technology
TU Darmstadt
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Who We Are Our Technology What We Do

GID.\RA

ENERGY

% Ara Partners

Licensing & BEDP Packages

HTW® Syngas Islands

Advanced Biofuels and

Technology Investment

600 Million Euro

Biochemical Facilities




Increasing GHG emissions
causing climate change,
lead to a high demand of
sustainable energy
sources

Global Challenges

Our energy production
and irresponsible waste
management contribute

directly to climate change

Emerging technologies face
challenges in converting
solid waste to sustainable
energy



We hgyefgnlockedﬂt
jalue of non-recyclable




Our Purpose and Strategy

Our Purpose Our Strategy
Help solve humanity’s Use our HTW®
waste problem, reduce CO, technology to achieve our
emissions and thus purpose by producing
combat climate change sustainable clean chemicals
and fuels

1B o 14 Borwms 15 3..‘ 17 Reneans
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Unlocking Potential: Waste to High Value Products

Feedstock

HTW® Gasification

Sustainable Fuels and Chemicals

Wood
Waste

Sewage
Sludge

Municipal
Solid Waste

Non-Recyclable
Plastics

Waste
Paper

Agricultural
Residue

Construction &
Demolition Waste
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Innovative Solutions: Key Advantages of HTW® Technology

Optimized Feedstock Handling: overcoming limitations through
advanced feeding systems

Proven Operational Experience: reducing risk with over 10

® . .
High Temberature years HTW® operational experience

Winkler (HTW®)
Technology

Economic Feasibility: unlocking waste to clean chemicals and fuels
by closing the supply and demand gap

Maximizing Sustainability: integrating gasification for significant
GHG reductions

GlIDARA
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HTWZ® Technology: Solves Classic Gasification Challenges

HTW® Gasifier

Feeding Line Syngas Cooler Syngas Filter Syngas Scrubber

Pelletized Feedstock
* NO blockage risk

e Higher mass and
energy density

* Enhance
homogeneity

Feeding, Bottom Product and
Dust Removal System

Patented HTW®

Bottom Product Removal * NO black Tars

* Proven and robust system

* NO need for a POX

unit

Gl ARA
ENERGY

HTW® Fluidized Bed Gasifier

Up to 30 bar
Oxy-blown
Thermal zones:

* Fluidized Bed: 750 - 1000°C
900 - 1200°C
Carbon Conversion: >95%

High Cold Gas Efficiency: >85%
Availability: >91%
Single Train Capacity: up to 1000 TPD

* Freeboard:



HTW® Technology: 10+ Years Operationally Proven at Commercial Scale

1970s

Rheinbraun &

ThyssenKrupp

developed the
pressurized

version of the
gasifier known as
the High
Temperature
Winkler (HTW®)
process

Key reference pl

1986 - 1997

Commercial plant
at Berrenrath, Germany

Input Output

?"_‘5%‘@5 ‘ Methanol

i

Purpose/learnings of the

plant

v Methanol production from
syngas

v Long-term use of RDF +
plastic sources, feedstock
flexibility

v Pressure range 10 bar

1988 - 1994

Commercial plant
at Oulu, Finland

Input Output
% @ Ammonia

Purpose/learnings of the

plant

¥ Produce ammonia from
syngas

v Utilisation of peat and
waste wood as feedstock,
feedstock flexibility

v Pressure range 10 bar

1989 - 1992

at Wesseling, Germany

Input Output
=
& Syngas

Purpose/learnings of the

plant

v Sustainable HTW®
gasification operations
under 25 bar

Gl ARA
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1999 - 2002

Demonstration plant
at Niihama, Japan
Output

Input
i Syngas

Purpose/learnings of the
plant

v Utilizing direct municipal
solid waste as feedstock
to produce syngas

N

loo/

f:]l Biomass (incl. waste wood)

\||I Waste

Key reference plant

2015 - current

Demonstration plant
at TU Darmstadt, Germany

Output
Syngas

Input

—)

Purpose/learnings of the plant

v Feedstock testing and
continuous research and
development on HTW®
technology

v Full production including
methanol

Fossil fuels (coal, lignite)

Today

Improved to current
technological and
environmental
standards

Implemented advanced
design for feeding line,
BOP, dust removal
system & raw gas
cooling system

Higher operational
efficiency, optimum
heat integration and

reduced emissions

Adapted with 100% non-
recyclables as feedstock




Demonstration Plant: Feedstock Testing & Validation

-

Mono-Gasification:

* Waste wood
* RDF
* Sewage sludge

Co-Gasification:

e RDF + waste Wood
* Lignite + RDF

-

Long-Term Operation Feedstocks:

HTW® Facility at TU Darmstadt (Germany)
(Energy Systems and Technology)

GlIDARA
ENERGY
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[) Thermal Input:
0.5 MWth

Operation Mode:
Oxy-blown

Operational Hours:

& >2000 hrs




Economic Feasibility: Bridging Supply Gaps with Waste As Feedstock

Road Transport — Advanced
Regulatory efforts create a material near-term market
opportunity for sustainable road fuels

Maritime — Advanced
Sizeable maritime opportunity supported by new
regulations and voluntary commitments

Aviation — Advanced

SAF is expected to displace a significant share of
conventional jet fuel in the long-term, with material
commitments from airlines already in place

Sustainable Chemicals

National efforts for bioplastic mandates and industries
circular economy commitments offer considerable
opportunities for sustainable chemicals

Source: Argus
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European Liquid Sustainable Hydrocarbon Transport Demand

MTA methanol equivalent

151
CAGR
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Economic Feasibility: Cost Advantaged Pathway for Decarbonization

Projected Cost by Technology
Real Terms, $/GJ

Biomethanol Green Gasoline Sustainable Maritime Fuels Sustainable Aviation Fuels
100 - 100 100 ﬁ 100 _v._e_.v
\ 5

N \ === \ 7\
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2020 2025 2030 2040 2050 2020 2025 2030 2040 2050 2020 2025 2030 2040 2050 2020 2025 2030 2040 2050
mm— HTW® Gasification mm— HTW® Gasification mmm— HTW® Gasification — HTW® Gasification
_—— Biomethanol - others _—— SAF via HVO

Wood Pulping Byproduct
Steam Methane Reforming
E-methanol

Source: McKinsey

== == E-methanol to Gasoline
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E-methanol Green
Ammonia

Ethanol-to-Jet
Power-to-Liquids-Jet



Integrated Value Chain: HTW® to Advanced Methanol

GIDARA Facility “Advanced Methanol Amsterdam (AMA)”

SDE++ awarded
Environmental permit awarded

ADVANCED METHANOL
AMSTERDAM

- L
o .
Q C i ‘l_l — = £
@ |laal | BN == ATl == " @
Pellets Syngas
Non-recyclable RDF shredding Pelletizing (PFM) HTW® Treatment Methanol Storage Blending
EEE . . . . l . . . . ) Renewable Fuels
Key Figures:
L=
Feed: 22 t/h g | | R .
Operating pressure: 15 bar co, ERE $$$
Syngas production: 41.000 Nm3/h LS LAl p——
Bio-Methanol: 260 mtpd ® ® e
Type of feedstock: RDF & Waste Wood pellets @'.\-‘
fo-"o0
» Cement Filling

GlIDARA
ENERGY



Maximizing Sustainability: Emission Reduction Potential with GIDARA’s HTW®

4 N/ N/ ) Renewable Fuel Plants Through
/% HTW°® Gasification Have the Potential for:
7
Waste to Waste to
Advanced Waste to Green Sustainable - . .
Emission Reduction Waste Reduction

Methanol Gasoline Aviation Fuel
\_ AN VAN J

up to 3.13 million up to 1.33 million

N\ tonnes CO,e per tonnes of waste
(D(2)(3)(4) ] syaoao
12 renewable fuel
@ @@ > plants utilizing HTW®
Technology 771,468 210,355 Garbage
@ @ @ Y, Cars Off the Road Trucks Avoided

—@ o
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v" High Feedstock Flexibility
with Waste Streams

v' Over 95% Carbon Conversion
Efficiency

v’ Robust Operational System
with No Black Tars Formed

Key Take-Aways

v’ Proven 10+ years of
Operation at Commercial

Scale

v Upgraded Technology to

Today’s Standards

v’ Reliable HTW® Technology

with Operational Availability >

91%

Gl ARA
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v’ Cost Advantaged Pathway
To Sustainable Chemicals

And Fuels

v Unlocking a New Pathway
Bridging Supply-Demand Gap

v Opportunity for Circular

Chemicals Production

v’ Decarbonizing Hard to
Abate Industries

v" Up to 3.13 million tones CO,e
savings per year

v/ Waste Reduction up to 1.33
million tones per year



Join us in solving the waste and energy challenge to
combat climate change

A
!
a“- Y’II 3
v N iy f_ !
Advanced Biofuels &
. : o
Licensing & BEDP Packages HTW® Syngas Islands Biochemicals Facilities
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