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Every year, the world generates 
over tonnes of waste 
and that number is rising fast.

Every year, the world generates 
over 2.1 billion tonnes of waste 
and that number is rising fast.

By 2050, this could reach 
3.8 billion tonnes.

Motivation
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Global SAF Supply & Demand Global Sustainable Methanol Supply & Demand
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Existing supply is 0.4 
million metric tonnes 
in 2025 which is only 
10% of the projected 

demand

Motivation
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Introduction to Gasification
• Conversion of carbonaceous solid or liquid fuel into desired gaseous products (e.g., syngas) 

with usable heating value.

• The produced gas can be used as either fuel or production of value-added chemicals.

• The process occurs at low lambda (λ) values, λ < 1 to avoid complete combustion and instead 
target production of syngas.

• Carbonaceous fuel + gasification agent (e.g., H2O, CO2) + Heat → 
CO  H2 + CO2 + CH4 + others.
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Gasification Process
Typical gasification process:
• Drying
• Thermal decomposition or 

pyrolysis
• Partial combustion of some 

gases, vapors, and char
• Gasification of decomposed 

products

Feedstock

Drying

Pyrolysis

Gas-phase reactions 
(cracking, reforming, combustion, 

shift)

Char gasification reactions 
(gasification, combustion, 

shift)

CO, H2, CH4, H2O, CO2, cracking 
products, unconverted carbon

Gases 
(CO, H2, CH4, H2O)

Liquid 
(tar, oil, naptha)

Oxygenated compounds 
(phenols, acids)

Solid
(char)
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Gasification Reactions
Reaction Type Reaction

Carbon Reactions
R1 Boudouard) C  CO2  2CO (∆H +ve)
R2 (water–gas or steam) C  H2O  CO  H2 (∆H +ve) 
R3 (hydrogasification) C  2H2  CH4 (∆H -ve) 
R4 C  0.5 O2  CO (∆H -ve) 

Oxidation Reactions
R5 C  O2  CO2 (∆H -ve) 
R6 CO  0.5O2  CO2 (∆H -ve) 
R7 CH4 + 2O2  CO2 + 2H2O (∆H -ve) 
R8 H2 + 0.5 O2  H2O (∆H -ve) 

Shift Reaction
R9 CO  H2O  CO2 + H2 (∆H -ve) 

Methanation Reactions
R10 2CO  2H2  CH4 + CO2 (∆H -ve) 
R11 CO  3H2  CH4 + H2O (∆H -ve) 
R14 CO2 + 4H2  CH4 + 2H2O (∆H -ve) 

Steam-Reforming Reactions
R12 CH4 + H2O  CO  3H2 (∆H +ve) 
R13 CH4 + 0.5O2  CO  2H2 (∆H -ve) 
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Gasification Types and Scales
Gasification 

Technologies

Entrained 
Flow

Coaxial 
Downflow

Opposed 
Jet

Moving 
Bed

Downdraft Updraft Crossdraft

Fluidized 
Bed

Bubbling Circulating Dual Bed

10kW 100kW 1MW 10MW 100MW 1000MW

Downdraft Fixed bed)
Updraft Fixed bed)

Fluidized bed

Entrained flow

Thermal Input

Figure: Operational range of different gasifier types.
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Introduction to Fluidization

Figure: Different stages of fluidization 1.

• Fluidization is the suspension of solid 
particles in a fluid, which exhibit fluid-
like properties.

• In terms of gasification, fluidization 
supports effective mixing, heat transfer, 
and reaction uniformity.

Drag forceBuoyant force

Particle weight

1 Yang, Jie, et al. "Chemical looping gasification of lignite to syngas using 
phosphogypsum: Overview and prospects." Journal of Cleaner Production 445 

2024 141329.
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Bubbling Fluidized Bed – HTW® Gasification
HTW® - High Temperature Winkler

• Fluidized bed (without external bed materials)
• Maintains a constant and stable gasification 

because of the large inventory.
• Better deal with variable feedstock 

• Pressurized system (upto 30 bar)
• Increased specific capacity of the system 

(upto 1000 TPD single reactor) 
• Nozzle distribution and injection

• Controls the distribution of gasification agents 
along the length. 

• Optimize temperature zones  produce a 
high-quality syngas.  

• Long post gasification zone
• Conversion of tars are converted in the post 

gasification 
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Fluidized Bed Area 
Zone 1 Heavy ash-containing particles accumulate in the lower 
part before they are discharged from the gasifier as bottom 
product.
Zone 2 Solids entry into the fluidized bed.
Zone 3 Highly fluidized area. The upper boundary layer is very well 
fluidized due to the raw gas produced and the higher proportion of 
fine particles. A large amount of gasification agent is fed into this 
zone. 

Post-Gasification Area
Zone 4 Post-gasification zone heavily laden with solids - directly 
above the fluidized bed. High supply of solid particles ejected from 
the fluidized bed and some fall back into the fluidized bed. 
Zone 5 Low-solids post-gasification zone
Zone 6 Cooled post-gasification zone (quench zone)  

Note: Typically, temperatures in the reactor are kept below the start 
shrinkage temperature/initial deformation temperature of feedstock.
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HTW® Gasification Process
Syngas 
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Syngas 
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Bottom Product 
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Syngas 
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• In the early 1920s, German chemist Dr. Fritz Winkler was working to improve coal gasification for ammonia 
production when he stumbled upon a phenomenon of fluidization.

• This invention was developed into an industrial application for coal gasification: The Winkler gas generators.
• The development of the HTW® gasification process focused on increasing specific capacity by raising 

operating pressure and optimizing system performance. It was fully commercialized at the Berrenrath and 
Kemira facilities, where waste and biomass gasification was also successfully demonstrated on industrial scale.

• Today GIDARA energy is leveraging the HTW® Gasification process to meet today's market demands for 
converting biomass and waste-based feedstocks into syngas fuels and chemicals.

Brief History of HTW®
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1920s Winkler process developed 1970s ThyssenKrupp & Rheinbraun developed the HTW® gasifier

 

1999  2002

Input Output
Syngas

Demonstration plant 
at Niihama, Japan 

1989  1992

Input Output
Syngas

High pressure plant 
at Wesseling, Germany

Key reference plant

2015 - current

Input Output
Syngas

Demonstration plant 
at TU Darmstadt, Germany

1988  1994

Input Output
Ammonia

Commercial plant 
at Oulu, Finland

1986  1997

Input Output
Methanol

Key reference plant

Commercial plant 
at Berrenrath, Germany

Fossil fuels (coal, lignite) WasteBiomass (incl. waste wood)

Operational History
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Operational since 2015

Long term operation 
feedstocks:
Mono gasification:
• Waste wood
• RDF
• Sewage sludge

Co gasification:
• RDF + waste Wood
• Lignite + RDF

HTW® facility at TU Darmstadt Germany)
Energy Systems and Technology)

Synthesis 
test rig

Modular HTW® 
test facility

Gas cleaning 
plant

11
m

0.4m

Thermal Input

0.5 MWth

Operation mood

Oxy-blown

Operational 
hours

2000 hrs

April  
2020

100% FW
100% RDF

May 
2021

75% RDF
25% WW

November 
2022

75% WW
25% RDF

July 
2023

75% WW
25% RDF

July - August 
2024

100% FW
100% RDF

September
2025

100%WW

Testing Facility
Past test campaigns

FW Forestry wood
RDF Refused Derived Fuel
WW Waste Wood
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Wood Waste
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Gasification

SYNGAS

Sustainable Aviation 
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Thank you!

Dr. Avishek Goel
Head of Technology Development
GIDARA Energy
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