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Abbreviations 

ABBREVIATIONS METHODS 

ACCLAIM Advancing Chemical Looping for Advanced Industrial Management (an EU 
RFCS project name) 

ACLOUD Advancing Chemical-Looping Combustion of Domestic Fuels (an R&D 
project) 

AFR_eff Effective Air-to-Fuel Ratio (typically used in combustion and gasification 
contexts) 

ASU Air Separation Unit (used to separate air into its components, especially 
oxygen and nitrogen for gasification) 

BEST Bioenergy and Sustainable Technologies GmbH (an Austrian research 
center in bioenergy) 

BiMeGaFuel Biomass Methanol and Gas Fuel (EU project, full chain for methanol 
production) 

BioTheRoS BioTheRoS Value Chain (EU Horizon project on dual fluidized bed 
gasification) 

BTEX Benzene, Toluene, Ethylbenzene, Xylene (four volatile organic 
compounds) 

CARBIOW Advanced Carbon Negative Biofuels from Organic Waste (EU project) 

CARMEN Carbon Management for Negative Emissions (project name) 

CCU Carbon Capture and Utilization 

CFB Circulating Fluidized Bed 

CHN China Energy Group (large Chinese energy company) 

CLG Chemical Looping Gasification 

CLC Chemical Looping Combustion 

CO Carbon Monoxide (chemical species) 

CO₂ Carbon Dioxide (chemical species) 

CORAL Metal Combustion for Renewable Power and Industrial Heat (EU project) 

CuZnO Copper Zinc Oxide (catalyst used for methanol synthesis) 
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DFB Dual Fluidized Bed 

DFBG Dual Fluidized Bed Gasification 

DFG Deutsche Forschungsgemeinschaft (German Research Foundation) 

ENI Ente Nazionale Idrocarburi (Italian multinational oil and gas company) 

EST Institute for Energy Systems & Technology (in context: TU Darmstadt 
laboratory) 

EU European Union 

FEED Front-End Engineering Design 

FT Fischer-Tropsch (chemical process for hydrocarbons synthesis) 

H₂ Hydrogen (chemical species) 

H₂S Hydrogen Sulfide (chemical species) 

KIT Karlsruhe Institute of Technology 

KPC Kaltim Prima Coal (Indonesian coal specification) 

LHV Lower Heating Value (energy content metric) 

LISA Laser-Induced Surface Activation (also the name of funded projects) 

MexOy Metal Oxide (general formula used in chemical looping) 

MDEA Methyldiethanolamine (an amine for gas scrubbing) 

MPa Megapascal (unit of pressure) 

MPaG Megapascal Gauge (gauge pressure, MPa referenced above atmospheric) 

MW Megawatt (unit of power) 

N₂ Nitrogen (chemical species) 

NICE National Institute of Clean-and-Low-Carbon Energy 

NEXTCHEM Part of Maire Tecnimont Group: focuses on green chemistry and energy 
transition 

Nm³/h Normal cubic meters per hour (gas volume flow rate at standard 
conditions) 

NX CircularT™ NEXTCHEM Circular Technology (trade name for waste gasification 
technology) 

PDU Process Development Unit 
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PFR Pine Forest Residue (biomass feedstock) 

RDF Refuse-Derived Fuel (fuel produced from waste) 

SAF Sustainable Aviation Fuel 

SBCR Slurry-Bubble Column Reactor (reactor type for Fischer-Tropsch 
synthesis) 

SCARDET Scale-up of Carbon Dioxide Emission Technologies (project name) 

SNG Synthetic Natural Gas 

SUGET Shanghai SUGET (supplier company for gasification) 

TU Technische Universität (Technical University, e.g. TU Darmstadt) 

WS Wheat Straw (biomass feedstock) 

ZnO Zinc Oxide (used in gas purification) 

 

 

 

  



v 
 

INTRODUCTION 
The workshop “Gasification for Production of Fuels and Chemicals” (September 15, 2025, Xi'an, 
China) focused on technological pathways and current developments in thermochemical 
conversion of biomass and waste to fuels and chemicals. Presentations addressed bio-methanol 
technology, catalyst development for syngas conversion, operational data from pressurized 
fluidized bed biomass gasification, high-temperature waste-to-methanol pathways with 
integrated carbon capture, and modular fluidized bed configurations. Contributions included 
bio-methanol research aligned with decarbonization objectives (Xu, NICE), catalyst research 
for higher alcohol synthesis (Zhao, ICC-CAS), pilot-scale biomass gasification (Shanghai SUGET), 
waste-to-methanol processes and industrial implementation (Bonanni, NEXTCHEM), modular 
gasification infrastructure and chemical looping results (Marx, TU Darmstadt), and integrated 
dual fluidized bed value chains for advanced biofuels in European pilot sites (Sonnleitner, 
Weber at BEST Vienna). The event highlighted process optimization, reactor design, syngas 
cleanup, and system integration for gasification-based production from varied feedstocks. 
Industrial data sets from both coal and biomass applications were discussed, with technical 
readiness demonstrated at pilot and industrial scales. Summaries of individual presentations 
and technical data are provided in subsequent sections. 
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INTERPRETING TECHNOLOGY PATHWAYS OF BIO-METHANOL 
AND RESEARCH PROGRESS OF THEIR CORE TECHNOLOGIES  

by Dr. Xiaoying Xu 

Introduction to Bio-Methanol Production 

Dr. Xiaoying Xu from the National Institute of Clean-and-Low-Carbon Energy presented an 
analysis of bio-methanol technology pathways and research progress in core technologies. The 
presentation addressed current technological developments in bio-methanol production as part 
of China's clean energy transition strategy under the CHN Energy framework. 

Technology Pathway Analysis 

Due to proprietary research considerations and intellectual property restrictions, detailed 
technical pathways and specific process descriptions from the presentation cannot be disclosed 
publicly. The presentation covered comprehensive analysis of: 

• Bio-methanol production routes and conversion technologies (detailed specifications 
confidential) 

• Core technology research progress and development status (performance data 
restricted) 

• Pathway interpretation for industrial implementation (commercial strategies 
proprietary) 

Research Progress in Core Technologies 

The National Institute of Clean-and-Low-Carbon Energy has focused research efforts on 
advancing bio-methanol production technologies as part of broader decarbonization initiatives. 
Specific technological breakthroughs and performance metrics remain confidential due to 
ongoing research programs and competitive considerations. The institute's work aligns with 
national energy transition goals and renewable fuel development programs. 

Institutional Framework 

The research is conducted under the National Institute of Clean-and-Low-Carbon Energy (NICE), 
part of CHN Energy Group. The institute operates from Beijing's Future Science City and 
maintains focus on low-carbon technology development and clean energy innovation. Research 
methodologies and experimental data are subject to institutional confidentiality protocols. 

Outlook 

The presentation emphasized China's commitment to bio-methanol technology advancement 
through: 

• Continued research in core conversion technologies (specific developments 
undisclosed) 

• Integration with national clean energy strategies (implementation details restricted) 
• Technology pathway optimization for commercial deployment (commercial timelines 

confidential) 
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Conclusion 

The presentation highlighted China's systematic approach to bio-methanol technology 
development through institutional research programs. The National Institute of Clean-and-Low-
Carbon Energy continues advancing core technologies to support renewable methanol 
production pathways aligned with national decarbonization objectives. Detailed technical 
specifications, performance data, and commercial strategies remain proprietary and cannot be 
shared in this public forum. 

Note: This summary reflects publicly available information while respecting confidentiality 
requirements. Complete technical details, process parameters, and commercial data are 
restricted due to proprietary research considerations and institutional policies. 
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NEW GENERATION CATALYST FOR HIGHER ALCOHOL 
SYNTHESIS VIA SYNGAS 

by Lu Zhao 

Introduction to Higher Alcohol Synthesis 

Lu Zhao from the Institute of Coal Chemistry, Chinese Academy of Sciences, presented research 
on new generation catalysts for higher alcohol synthesis via syngas conversion. The presentation 
addressed advances in catalyst development for converting synthesis gas to higher alcohols, 
representing a strategic direction in sustainable chemical production and renewable fuel 
synthesis. 

Catalyst Development for Syngas Conversion 

Due to proprietary research considerations and intellectual property restrictions associated 
with catalyst formulations and process development, detailed technical specifications from the 
presentation cannot be disclosed publicly. The research covered: 

• Novel catalyst compositions and active phase design (chemical formulations 
confidential) 

• Reaction mechanisms and kinetic parameters (performance data restricted) 
• Process optimization strategies for higher alcohol selectivity (operational conditions 

proprietary) 
• Scale-up considerations and industrial implementation (commercial strategies 

undisclosed) 

Research Progress in Catalyst Technology 

The Institute of Coal Chemistry has focused research efforts on developing advanced catalytic 
systems for higher alcohol synthesis as part of syngas utilization strategies. Specific catalyst 
performance metrics, selectivity data, and conversion efficiencies remain confidential due to 
competitive research considerations. The institute's work contributes to China's broader 
initiatives in clean chemical production and sustainable fuel development. 

Institutional Framework 

The research is conducted under the Institute of Coal Chemistry, Chinese Academy of Sciences, 
a leading institution in catalysis and chemical conversion technologies. The institute maintains 
extensive research capabilities in catalyst synthesis, characterization, and process 
development. Research methodologies, experimental protocols, and catalyst synthesis 
procedures are subject to institutional confidentiality agreements and academic research 
protection policies. 

Technical Approach 

The presentation emphasized systematic catalyst development through: 

• Advanced catalyst design principles (specific methodologies restricted) 
• Syngas conversion optimization (process parameters confidential) 
• Product selectivity enhancement (catalyst formulation details proprietary) 
• Industrial feasibility assessment (economic analysis undisclosed) 
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Conclusion 

The presentation highlighted advances in catalyst technology for higher alcohol synthesis via 
syngas conversion. The Institute of Coal Chemistry continues developing next-generation 
catalytic systems to enhance conversion efficiency and product selectivity for sustainable 
chemical production. Detailed catalyst compositions, reaction kinetics, and process 
optimization strategies remain proprietary and cannot be shared in this public forum due to 
intellectual property considerations and ongoing research programs. 

Note: This summary reflects the general research direction while respecting confidentiality 
requirements. Complete technical specifications, catalyst formulations, performance data, 
and process parameters are restricted due to proprietary research considerations and 
institutional policies. 
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OPERATION BRIEF OF SHANGHAI SUGET 1.0 MPA PURE OXYGEN 
PRESSURIZED BUBBLING FLUIDIZED BED BIOMASS PILOT PLANT  

by Daoyuan Ma and Dr. Yifeng Su 

Introduction to Pressurized Fluidized Bed Gasification Technology 

Shanghai SUGET, established June 2024, develops commercialized pressurized fluidized bed 
biomass gasification technology based on proven coal gasification experience. The company 
represents the only commercialized pressurized fluidized bed gasification technology supplier 
in China with comprehensive pressure grade coverage (0.5-3.9 MPa) and extensive patent 
portfolio encompassing gasification reactor design, gas cleaning systems, and process 
optimization. SUGET's technology addresses biomass conversion challenges through pressurized 
oxygen-blown gasification.  

Key technological parameters define pressurized biomass gasification performance: 

• Reactor Configuration: Bubbling fluidized bed with lock hopper feeding system, high-
efficiency cyclone separation, and integrated ash removal 

• Operating Conditions: Pressure range 0.5-2.0 MPaG with oxygen/steam gasification 
agents 

• Process Integration: Comprehensive gasification island including feedstock handling, 
gasification reactor, syngas cleaning, and utility systems 

Process Routes for Biomass-to-Syngas Production 

SUGET has developed two integrated process configurations for biomass gasification technology 
validation: 

 

1. Laboratory-Scale Process Development 
Unit (PDU) 

The atmospheric pressure PDU at Southeast 
University operates at 1 ton/day biomass 
capacity for technology development and 
feedstock evaluation (see Figure 1). Process 
parameters include atmospheric pressure 
operation with corn straw, wheat straw, and 
wood pellet feedstocks. The system achieved 
94.0-98.5 % carbon conversion with effective 
gas content (CO+H2+CH4) of 60-65 % excluding 
carrier gas on dry basis. Figure 1 Atmospheric pressure PDU gasification 

system at Southeast University (~1 ton/day 
biomass capacity). 
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2. Pilot-Scale Pressurized Gasification 
System 

The Inner Mongolia pilot plant operates at 50-
100 tons/day capacity with 1.0-2.0 MPaG 
pressure capability (see Figure 2). System 
specifications include single reactor dry gas 
output of 3,500-4,500 Nm3/h with 95-98 % 
carbon conversion depending on biomass 
feedstock type. The facility represents 
China's biomass pilot plant with largest 
feeding capacity and highest operating 
pressure. 

 

Demonstration Campaign Results and Performance Data 

SUGET conducted comprehensive testing campaigns with two biomass feedstock types 
demonstrating commercial-scale operational capability: 

Sand Willow Pellets Testing Campaign 

Operating from May 24-31, 2025, the PDU processed 230 tons of sand willow pellets (LHV = 
4,200 kcal/kg) under pressurized conditions of 0.5-0.8 MPaG. Process performance included: 

• Temperature Profile: Dense phase zone 880 °C, dilute phase zone 950 °C with stable 
operation 

• Feedstock Properties: 5.05 % total moisture, 2.09 % ash content, 77.81 % volatile 
matter, 15.78 % fixed carbon with sulphur content 0.06 %  

• Syngas Composition: H2 26-35 mol%, CO 20-26 mol%, CO2 30-36 mol%, CH4 5-8 mol%, N2 
1-6 mol% 

Corn Straw Pellets Testing Campaign 

The second test campaign (June 6-14, 2025) processed 270 tons corn straw pellets (LHV = 3,487 
kcal/kg) achieving 168-hour continuous operation. Performance parameters included: 

• Operating Conditions: 0.72 MPaG pressure, 2.85 t/h biomass feeding rate with 850-
900°C gasification temperature 

• Feedstock Characteristics: 9.24 % total moisture, 9.23 % ash content, 70.29 % volatile 
matter, 15.79 % fixed carbon 

• Process Efficiency: 92-95 % carbon conversion with 67-70 % effective gas content and 
10-13 % CH4 content 

  

Figure 2 Pilot-scale pressurized gasification system 
(50–100 tons/day, 1.0–2.0 MPaG, 95–98% carbon 
conversion) 



8 
 

Coal Gasification Commercial References 

SUGET demonstrates commercial gasification capability through large-scale coal projects 
validating technology scalability: 

Xinjiang Hami Carboxylic Acid Project 

This 1 million ton/year project operates at 1.5 MPa gasification pressure with three reactors 
processing 1,500 tons/day coal each (see Figure 3). Single reactor specifications include 99,710 
Nm3/h dry raw syngas output with 72,000 m3/h effective gas volume (CO+H2+CH4). Project 
timeline achieved feedstock charging in June 2025 following process package delivery April 
2022. 

 

Fujian Zhangzhou Butanol-Octanol Project 

The higher-pressure project (4.5 MPaG) processes 3,000 tons/day coal per reactor across three 
units producing 180,000 Nm³/h dry raw syngas with 130,000 m³/h effective gas volume (see 
Slide 2.1.2). Indonesian KPC coal feedstock specifications include 5,200 kcal/kg net heating 
value with 8% ash content and 1.5% sulfur content. 

Technical Performance Analysis and Process Optimization 

 

 

Fujian Zhanghou Butanol-Octanol ProjectThe higher-pressure project (4.5 MPaG) processes 
3,000 tons/day coal per reactor across three units producing 180,000 Nm³/h dry raw syngas 
with 130,000 m3/h effective gas volume. Indonesian KPC coal feedstock specifications include 
5,200 kcal/kg net heating value with 8 % ash content and 1.5 % sulphur content. 

Technical Performance Analysis and Process Optimization 

Comparative analysis across testing campaigns demonstrates consistent performance 
parameters and optimization opportunities: 

Process Stability Assessment 

Both biomass feedstock types achieved stable pressurized feeding with pellet size 8×20 mm 
under pilot-scale conditions. Gasification temperature optimization shows sand willow 
requiring 880 °C dense phase and 950 °C dilute phase temperatures, while corn straw operates 
effectively at 820-840 °C dense phase and 900 °C dilute phase conditions. 

Carbon Conversion Enhancement 

Current carbon conversion rates of 92-97 % can be improved through fly ash recirculation 
systems. Fly ash analysis shows 20-40 % residual carbon content, indicating potential for 2-3 % 
carbon conversion improvement through partial fly ash return to the gasifier. 

 

Figure 3 Xinjiang Hami Project: three 1,500 tons/day coal gasification reactors (1.5 MPa, 99,710 Nm³/h 
syngas output). 
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Tar Content Elimination 

Multiple testing campaigns using national standard methods (GB/T 40508-2021) confirmed 
undetectable tar content at both 350 °C and 40 °C sampling points (see Figure 4). This 
exceptional performance eliminates downstream tar removal requirements, significantly 
reducing capital and operating costs compared to conventional biomass gasification 
technologies. 

Conclusion 

SUGET's pressurized fluidized bed biomass gasification technology demonstrates commercial 
readiness through successful 168-hour continuous operation campaigns, undetectable tar 
production, and high carbon conversion efficiency. The technology leverages proven coal 
gasification engineering experience to accelerate biomass gasification commercialization 
timelines. Combined with China's largest biomass pilot plant capacity and highest operating 
pressure, SUGET provides competitive biomass gasification solutions for green energy investors 
requiring reliable syngas production from agricultural and forestry residues. 

Figure 4 Tar content testing setup showing undetectable tar at 350°C and 40°C sampling points per 
national standard method. 
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PRODUCTION OF METHANOL FROM WASTE AND BIO RESIDUES 
WITHOUT CO2 EMISSIONS 

by Andrea Bonanni 

Introduction to High-Temperature Gasification Technology 

NEXTCHEM's NX CircularT™ gasification technology converts non-recyclable waste streams into 
methanol through high-temperature thermal conversion processes (see Figure 5). The 
technology operates at temperatures of 600-800 °C in the partial oxidation zone and 1600-2000 
°C in the melting zone, producing synthesis gas (syngas) from refuse-derived fuel (RDF), non-
recyclable plastic waste, and woody biomass feedstocks. Global waste generation of more than 
2 billion tons annually, projected to reach 3.4 billion tons by 2050, provides substantial 
feedstock availability for commercial-scale implementation. 

Key process parameters influence gasification efficiency and product quality: 

• Feedstock Composition: RDF contains 32-55 wt% carbon, 5-8 wt% hydrogen, and 20-28 
wt% oxygen; non-recyclable plastic waste contains 47-61 wt% carbon with lower oxygen 
content (14-20 wt%) 

• Operating Conditions: Dual-temperature zones enable complete thermal conversion 
and slag formation at 1000-1200°C 

• Product Specifications: Syngas composition optimized for downstream methanol 
synthesis with integrated carbon capture capability 

 

Figure 5 NEXTCHEM NX CircularT™ waste-to-syngas/methanol process (600–800°C and 1600–2000°C 
zones). 

 

Process Routes for Methanol Synthesis 

NEXTCHEM has developed two integrated process configurations for waste-to-methanol 
production: 
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1. Gasification with Steam Methane Reforming Integration 
This route combines high-temperature gasification with conventional methanol synthesis 
infrastructure (see Figure 6). Process stages include comprehensive syngas cleaning (alkaline 
scrubbing, metals/chlorine removal, mercury removal, H2S removal), syngas conditioning 
through water-gas shift reactions and CO2 removal, followed by methanol synthesis and 
purification. The integrated air separation unit (ASU) provides oxygen for gasification while 
natural gas supplementation optimizes syngas composition for methanol production. 

 

Figure 6 NEXTCHEM waste-to-methanol: gasification, syngas cleaning, ASU oxygen supply, and methanol 
synthesis. 

2. Gasification with Electrolytic Hydrogen Supplementation 
The electrolysis-integrated route incorporates renewable electricity-powered water 
electrolysis to enhance hydrogen availability for methanol synthesis (see Figure 7). This 
configuration maintains identical gasification and syngas cleaning operations while utilizing 
electrochemical hydrogen production to optimize the H2/CO ratio for methanol synthesis. The 
process eliminates natural gas dependency while enabling integration with renewable energy 
sources. 

 

Figure 7 Electrolysis-integrated waste-to-methanol route with renewable electricity-driven H₂ 
production, no natural gas. 
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Industrial Implementation: Sannazzaro Facility 

The Sannazzaro project (ENI refinery site) represents full-scale commercial deployment of 
waste-to-methanol technology (see Figure 8). Current project status includes completed Front-
End Engineering Design (FEED) with ongoing permitting procedures for a 4-year engineering and 
construction timeline. The facility specifications demonstrate industrial-scale technical 
feasibility (see Figure 9 for 3D plant model): 

• Feedstock Processing: 200,000 tons/year waste capacity 
• Methanol Production: 94,000-103,000 tons/year output 
• Hydrogen Co-production: 0-1,500 tons/year capacity 
• Carbon Capture: 150,000 tons/year CO₂ for storage/utilization 

 

Figure 8 Sannazzaro project site plan within ENI refinery (FEED layout and aerial view). 

 

Figure 9 Sannazzaro waste-to-methanol plant 3D model showing facility layout and process units. 
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Methanol-to-SAF Technology Development 

NEXTCHEM is also developing complementary methanol-to-sustainable aviation fuel (SAF) 
conversion technology to create integrated waste-to-aviation fuel value chains. This 
downstream processing capability expands methanol applications beyond marine fuels to 
address aviation sector decarbonization requirements. 

Conclusion 

NEXTCHEM's waste-to-methanol technology demonstrates commercial readiness through proven 
gasification processes, established methanol synthesis, and confirmed market demand from 
maritime decarbonization. The Sannazzaro project validates technical feasibility at industrial 
scale with integrated carbon capture capabilities. Combined with methanol-to-SAF 
development, this technology provides a comprehensive pathway for converting waste streams 
into transportation fuels while addressing global waste management challenges.
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PILOT-SCALE FLUIDIZED BED GASIFICATION FOR SUSTAINABLE 
CHEMICAL SYNTHESIS 

by Dr. Falko Marx 

Introduction to Modular Fluidized Bed Gasification Technology 

The research portfolio at the Institute for Energy Systems & Technology (EST) at TU Darmstadt 
encompasses three primary areas: circular economy applications through non-recyclable waste 
gasification, carbon capture technologies for CO2 emission reduction, and renewable energy 
systems for biofuel production. EST maintains comprehensive research infrastructure spanning 
laboratory-scale, bench-scale, and pilot-scale facilities enabling technology development from 
fundamental research through industrial demonstration. It also operates a 1 MW modular pilot 
plant for fluidized bed gasification research advancing sustainable chemical synthesis from 
biogenic feedstocks. Key technological parameters are included in of the CFB 600 and CFB 400 
are displayed in Table 1. The feedstock for these reactors includes RDF pellets, waste wood 
(A1 and B-type), agricultural residues (olive pits, sunflower husks, buckwheat husks, wheat 
straw), sewage sludge, and micro-algae.  

Key technological parameters define EST's gasification research capabilities: 
Table 1 Parameters of EST’s circulating fluidized bed reactors (CFB 600 and CFB 400) for modular 
gasification research. 

  CFB 600 CFB 400 

Reactor Dimensions Inner Diameter [mm] 

Outer Diameter [mm] 

Height [m] 

600 

1300 

8 

400 

1000 

11 

Process Parameters Temperature [°C] 

Pressure 

Velocity [m/s] 

650 – 1050 °C 

Atmospheric 

3 – 6 

850 – 1000 

Atmospheric 

0.5 – 6  

 

Process Routes for Biogenic Waste Conversion 

EST has developed multiple integrated gasification configurations for syngas production from 
biogenic feedstocks, each optimized for specific operational requirements: 

1. Bubbling Fluidized Bed Gasification 

This autothermal process operates through two distinct reaction zones (see Slide 11). The 
bubbling bed zone (650-750°C) maintains homogeneous temperature profiles enabling volatile 
release and fixed carbon conversion with bed inventory comprising ash and char. The post-
gasification zone (800-1100°C) in the freeboard region facilitates hydrocarbon conversion and 
entrained fixed carbon gasification while maintaining temperatures below ash softening point. 
The system utilizes oxygen and steam gasification agents with feedstock introduction through 
the bed zone. 
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2. Circulating Fluidized Bed Gasification 

The CFB configuration operates at 850°C with steam and oxygen gasification agents enabling 
continuous solids circulation between reactor zones. This design provides enhanced gas-solid 
contact and improved carbon conversion through extended residence time and internal 
recirculation of unconverted char particles. 

3. Chemical Looping Gasification 

The dual-reactor chemical looping system comprises a fuel reactor (850°C) and air reactor 
(950°C) utilizing metal oxide oxygen carriers (MexOy) for indirect oxygen supply. The fuel 
reactor reduces metal oxide through reactions with feedstock and steam (e.g., 4 MexOy + CH4 
→ 4 MexOy-1 + CO2 + 2 H2O), while the air reactor regenerates oxidized metal oxide (MexOy-1 + 
0.5 O2 → MexOy). This configuration produces nitrogen-free syngas without requiring air 
separation units. 

Integrated Biomass-to-Liquid Value Chain 

EST operates complete biomass-to-liquid demonstration chains integrating gasification, 
comprehensive gas cleaning, and downstream synthesis capabilities (see Figure 10): 

Gas Cleaning Process Train 
The cost-efficient syngas cleaning system processes up to 250 Nm3/h through six sequential 
stages (see Figure 11): 

1  2 Hot Gas Filtration: Cyclone separation and ceramic filters for dust removal from 
raw syngas 

2  3 Raw Gas Scrubbing: Water scrubbing for HCl and NH₃ removal through raw gas 
cooling and scrubber contact 

3  4 Compression and Hydrolysis: Syngas compression to synthesis pressure with 
hydrolysis reactor for organic contaminants 

4  5 BTEX Removal: Activated carbon adsorption eliminating benzene, toluene, 
ethylbenzene, and xylene 

5  6 Sour Gas Removal: Amine-based CO₂ and H₂S scrubbing with hot regeneration of 
absorption medium 

Synthesis Test Rig 
The downstream synthesis unit operates at 32 bar and 250 °C processing cleaned syngas for 
methanol or Fischer-Tropsch product generation (see Figure 12). The system includes guard bed 
reactors, activated carbon polishing, compression, and preheating stages. Methanol synthesis 
utilizes CuZnO catalyst with water-gas shift integration (CO + H2O → H2 + CO2), while Fischer-
Tropsch synthesis employs Co or Ni-based catalysts for liquid hydrocarbon production. 
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Figure 10 EST integrated biomass-to-liquid chain: gasification → syngas cleaning → synthesis → liquid 
fuels. 

 

Figure 11 EST six-stage syngas cleaning: hot filtration, scrubbing, compression, BTEX removal, and sour 
gas treatment. 

 

Figure 12 EST synthesis test rig for methanol and Fischer-Tropsch: compression, guard bed, catalysis, and 
condensation. 
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Chemical Looping Gasification Performance Results 

Extensive experimental campaigns demonstrate chemical looping gasification superiority over 
conventional dual fluidized bed gasification (DFBG) for biomass conversion: 

Carbon Conversion and Gas Quality 
Chemical looping gasification (CLG) achieves higher carbon conversion efficiency across the 
investigated temperature range (700-850 °C fuel reactor temperature). Carbon conversion 
increases from approximately 80 % to 9 5% with fuel reactor temperature elevation from 700 
°C to 850°C, at air-to-fuel ratio (AFR_eff) of 0.3-0.4. CLG demonstrates superior performance 
compared to DFBG particularly at lower temperatures, indicating more efficient char 
conversion through metal oxide reactivity. 

Process Economics Assessment 
Techno-economic analysis comparing CLG with DFBG for Fischer-Tropsch syncrude production 
shows cost competitiveness dependent on gas cleaning configuration. Results indicate Best 
Estimate (BEST) scenario costs of €781-816 per m3 raw syncrude for MDEA-based gas cleaning 
versus €901-925 per m3 for Rectisol-based systems across pine forest residue (PFR) and wheat 
straw (WS) feedstock scenarios. The analysis accounts for complete value chains from 
gasification through FT product synthesis. 

Research Portfolio and Project Experience 

EST maintains extensive research capabilities through participation in numerous European 
Commission, German Federal Ministry, and DFG-funded projects. Active and completed 
projects span carbon capture technologies (LISA I & II, ACCLAIM, CARMEN, ACLOUD), gasification 
development (BiMeGaFuel, VERENA, CARBIOW), chemical looping combustion (CLC, SCARDET), 
and alternative energy systems (CORAL metal combustion). 

Conclusion 

TU Darmstadt's EST demonstrates pilot-scale fluidized bed gasification capabilities for 
sustainable chemical synthesis from biogenic waste feedstocks. The modular 1 MW facility 
enables multiple gasification configurations including bubbling bed, circulating fluidized bed, 
and chemical looping systems with integrated gas cleaning and synthesis infrastructure. 
Chemical looping gasification results show superior carbon conversion and competitive process 
economics compared to conventional dual fluidized bed technology. Combined with diverse 
feedstock processing experience and complete biomass-to-liquid value chain demonstration, 
EST provides industrial-relevant research infrastructure advancing thermochemical biomass 
conversion toward commercial deployment. 
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BIOTHEROS VALUE CHAIN 

by Andrea Sonnleitner and Gerald Weber 

Introduction to Dual Fluidized Bed Gasification Technology 

The BioTheRoS project, funded under EU Horizon Europe Grant Agreement No. 101122212, 
develops dual fluidized bed (DFB) gasification technology for advanced biofuel production from 
biogenic waste feedstocks. The technology combines carbon capture utilization (CCU) with fuel 
upgrading to accelerate sustainable biofuel scale-up. BEST's Syngas Platform Vienna operates a 
1 MW demonstration-scale DFB gasifier producing synthesis gas from forestry, agricultural, and 
industrial residues for downstream Fischer-Tropsch synthesis. 

Key technological parameters define DFB gasification performance: 

• Feedstock Processing: Biogenic waste including forestry residues, agricultural waste, 
industrial residues, and wastewater treatment sludge at 200 kg/h capacity 

• Operating Conditions: Advanced DFB reactor design upscaled from 100 kW TU Wien 
plant with multiple-week continuous operation capability 

• Syngas Composition: H2 41 %, CO 24 %, CO2 23 %, CH4 10 %, with trace C2H4 content 
optimized for downstream synthesis applications 

Process Routes for Advanced Biofuel Production 

BEST has developed integrated process configurations for converting biogenic waste into 
transportation fuels through two primary thermochemical pathways: 

1. Dual Fluidized Bed Gasification Route 
This pathway utilizes high-temperature gasification in a dual-zone reactor system for complete 
thermal conversion of biogenic feedstocks (see Figure 13). The process includes coarse gas 
cleaning followed by fine gas cleaning to obtain H2-rich synthesis gas suitable for downstream 
applications. External hydrogen sector coupling capability enables optimization of syngas 
composition for specific synthesis requirements. 

 

Figure 13 Dual fluidized bed pathway: thermal conversion, staged gas cleaning, H₂-rich syngas, and sector 
coupling. 
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2. Gasification-Fischer-Tropsch Synthesis Integration 
The integrated route combines DFB gasification with Fischer-Tropsch synthesis using a 250-kW 
pilot-scale Slurry-Bubble-Column-Reactor (SBCR) for continuous operation campaigns. Gas 
cleaning stages include hot filtration, quenching, solvent scrubbers, activated carbon filters, 
and ZnO filters. The FT synthesis produces syncrude with typical composition showing n-
paraffins, 1-olefins, and other hydrocarbons across C6-C60 carbon number range in cooperation 
with KIT Karlsruhe. 

BioTheRoS Project Implementation and Value Chain 

The project demonstrates full gasification value chains through coordinated activities across 
European consortium members. Implementation includes: 

• Netherlands Operations: Pyrolysis bench-scale (2-5 kg/h) and larger pilot plants (80-
200 kg/h) with continuous upgrading units for pyrolysis oil conversion 

• Austria Operations: Syngas Platform Vienna with 1 MW DFB reactor and 250-kW 
Fischer-Tropsch pilot plant 

• Greece Operations: Hydrocracking of FT waxes at pilot plant scale for final fuel 
upgrading 

The full chain demonstration has successfully accomplished FT raw product generation from 
biogenic waste feedstocks (see Figure 14). 

 

Figure 14 BioTheRoS full chain: pyrolysis/gasification → synthesis → FT products across European pilot 
sites. 

Syngas Platform Vienna Infrastructure 

BEST's research hub features integrated Waste2Value process chains combining gasification and 
synthesis technologies (see Figure 15). The facility includes: 

• DFB Gasification Demo: 1 MW demonstration plant with feedstock containers and 
industrial-scale processing capability 

• Fischer-Tropsch Pilot: 250 kW synthesis unit with real syngas supply for continuous 
operation 

• Support Infrastructure: Connected laboratories for gas cleaning, aqueous phase 
reforming, temperature swing adsorption, and comprehensive analytics 
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The platform enables experimental de-risking for industrial implementation through lab-, pilot-
, and demonstration-scale infrastructure. 

 

Figure 15 Syngas Platform Vienna: 1 MW DFB gasification, 250 kW FT pilot, gas cleaning, analytics, and 
reforming units. 

Project Outcomes and Future Development 

BioTheRoS has achieved successful demonstration of biogenic waste gasification for advanced 
biofuel production. Key outcomes include: 

• Technical Success: FT raw product production from residues with approved waste 
feedstock utilization for improved economics 

• Operational Knowledge: Comprehensive understanding of biogenic waste feedstock 
supply chains and processing requirements 

• Process Validation: Gas cleaning efficiency performance as expected with valuable 
input for techno-economic assessment and life cycle analysis 

Future development focuses on FT syncrude upgrading to finished biofuels and scale-up 
investigations for commercial deployment. 

Conclusion 

The BioTheRoS project demonstrates technical feasibility of DFB gasification for converting 
biogenic waste into advanced transportation fuels. BEST's Syngas Platform Vienna provides 
industrial-relevant demonstration capabilities with successful full-chain operation from 
feedstock to FT raw products. The integrated approach combining gasification, gas cleaning, 
and FT synthesis offers a viable pathway for SAF and marine fuel production from waste biomass 
resources while contributing to circular economy objectives. 
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CONCLUSION 
The presentations on biomass and waste gasification technologies for methanol and advanced 
biofuel production provided a comprehensive examination of current state-of-the-art processes 
and industrial implementation pathways. The collective findings from Chinese research 
institutions, European technology developers, and demonstration facilities highlighted the 
technical maturity of gasification-based conversion routes for sustainable fuel production while 
addressing critical challenges in feedstock flexibility, process integration, and commercial 
deployment. 

Key technological advancements showcased diverse gasification configurations optimized for 
specific feedstock and product requirements. SUGET's pressurized fluidized bed technology 
demonstrated commercial readiness through 168-hour continuous operation campaigns 
processing agricultural residues at 0.5-2.0 MPa with undetectable tar content and 92-97 % 
carbon conversion, eliminating costly downstream tar removal systems. NEXTCHEM's NX 
CircularT™ high-temperature gasification (1600-2000 °C) coupled with integrated carbon 
capture at the Sannazzaro facility represents full-scale waste-to-methanol deployment 
processing 200,000 tons/year waste for 94,000-103,000 tons/year methanol production. TU 
Darmstadt's chemical looping gasification achieved superior performance over conventional 
dual fluidized bed systems with 95 % carbon conversion at 850 °C while producing nitrogen-free 
syngas without air separation units. BEST's BioTheRoS project successfully demonstrated 
complete dual fluidized bed gasification value chains from biogenic waste through Fischer-
Tropsch synthesis to raw syncrude products at the 1 MW Syngas Platform Vienna, validating 
integrated gas cleaning and synthesis operations at demonstration scale. 

Industrial scaling and commercial viability were addressed through multiple perspectives 
spanning Chinese coal gasification references, European waste-to-fuel projects, and integrated 
biomass-to-liquid value chains. SUGET's commercial coal gasification projects at Hami (1.5 MPa, 
1,500 tons/day per reactor) and Zhangzhou (4.5 MPa, 3,000 tons/day per reactor) provide 
proven engineering foundations for biomass technology scale-up. The emphasis on feedstock 
flexibility across agricultural residues, forestry waste, non-recyclable plastics, and refuse-
derived fuel addresses practical feedstock supply chain requirements for commercial 
deployment. However, intellectual property considerations and proprietary research 
restrictions limit public disclosure of detailed catalyst formulations, process optimization 
strategies, and economic performance data, particularly evident in the bio-methanol and 
higher alcohol synthesis presentations from Chinese research institutions. 

Commercial success depends on continued demonstration of multi-week continuous operation 
reliability to de-risk industrial investment, integration of carbon capture and utilization systems 
to enhance sustainability performance and regulatory compliance, development of cost-
efficient syngas cleaning processes that maintain catalyst performance in downstream synthesis 
operations, and establishment of supportive policy frameworks that recognize waste-to-fuel 
pathways as strategic components of circular economy and renewable energy strategies. These 
advancements reinforce gasification as a commercially viable technology platform for 
converting diverse waste and biomass feedstocks into methanol, Fischer-Tropsch products, and 
sustainable aviation fuels while contributing to global carbon neutrality targets. 
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