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Background

Traditional

Future

ü China has a huge biomass production, but its effective 

utilization rate is limited

ü Biomass energy has significant theoretical potential for 

emission reduction

ü Innovations in future biomass types and technologies will 

further enhance energy supply and carbon emission reduction 

potential.

Traditional Types of Biomass in China and Future Sources of Biomass

ɇPotential of 3060 Zero -Fduerq Elrpdvv Hqhuj|ɏ

Types of biomass Available Energy Potential
+43ɥ tce )

Domestic waste 4.43

Sludge 0.85

Agriculture (Stalks) 2.24

Forestry waste 1.02

Livestock manure 2.11

Total biomass resources, availability, and carbon 
emission reduction potential in China

Based on resource potential and 

technological breakthroughs

Biomass waste+New biomass+Emerging solid waste

Biomass Availability and Utilization Potential in China

ɖ

ɖ
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forestry and 
agricultural 
residues

Energy plants
(Arundo donax)



Energy Security

By 2030, the demand for green methanol in our country is 

expected to exceed 12 million tons, whereas the current 

supply is less than 300,000 tons

Unit: million tons

In March 2026, at the Fourth Sessionof the 14th National People'sCongress,

the "Government Work Report" was released,which identified "accelerating

the comprehensivegreentransition ... and cultivating new growth points suchas

greenfuels" asa key focusof the government'snext phaseof work .

In 2025, the National Energy Administration issued the "Notice on Organizing 

the Research and Development and Industrialization Pilot of Green Liquid Fuel 

Technologies," clearly supporting the use of agricultural and forestry waste 

biomass as raw materials to produce methanol and SAF through processes such 

as gasification, hydrogenation, and catalytic synthesis.

Green liquid fuel production technologies, represented by green methanol, are a strategic pillar for energy independence. 

However, a significant gap remains between supply and demand.

International Conflicts and 
Energy Security Risks

Intensifying 
International Conflicts

Disruptions to Global 
Energy Supply Chains

Overconcentration of 
Oil Supply

Oil Price Volatility and 
Market Uncertainty The demand for SAF in China is increasing year by 

year. The existing production capacity is almost zero

Background
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Current Status of the Green Methanol Production in China

Distribution of Representative Green Methanol Projects in China

Ç By the end of December 2025, China had 173 signed, 

registered, pending approval, and planned green methanol 

projects , with a theoretical capacity of 53.46 million tons per 

year.

Ç The Taonan Wind Power Coupled Biomass Green Methanol 

Integrated Demonstration Project (50,000 tons/year) is the first

domestic biomass gasification synthesized green 

methanol project to be put into operation.

Ç 8 ports where green methanol can be refueled.

12 of planned projects are under construction, and 3 have entered production

Qitai

Songyuan

Yancheng
Zhenyuan

Taonan

Xuchang

Suihua

Liaoyuan

Xing'an League Shuangyashan

Alashan

Ordos
Eduok Banner

ShanghaiFuyang

Tongliao

Cangzhou

Zhanjiang

Construction has already started

Pilot -scale gasification platform

Ports



2. Green Methanol Production: Representative Projects
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Number Company Scale and techniqueroute Location Status

1
Shanghai Electric Co., 
Ltd.

50,000 tons of green methanol per 
year (Phase I); Wind power hydrogen 
production + biomass gasification

Taonan, Jilin, 
China

Pilot
Operation

2

CIMC Green Energy 
Low-Carbon 
Technology 
(Zhanjiang) Co., Ltd.

50,000 tons of green methanol per 
year (Phase I); Pure biomass 
gasification technology

Zhanjiang, 
Guangdong, 
China

Pilot 
Operation

3

GoldwindGreen 
Energy Chemical 
Technology (Hinggan
League) Co., Ltd.

Green methanol (Phase I: 250,000 
tons); Wind power hydrogen 
production + biomass gasification

Hinggan League, 
Inner Mongolia, 
China

Partial 
Operation

ü Green methanol projects in operation: 



2. Green Methanol Production: Representative projects
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Number Company Scale and techniqueroute Location Status

1 China Energy Engineering Corporation (CEEC)
500,000 tons of green fuel per year;
Wind-solar hydrogen production coupled with biomass gasification

Kangping, Shenyang, 
Liaoning, China

Under construction

2
Gansu Runlong Hongneng Energy Management Co., 
Ltd.

250,000 tons of green methanol per year;
Renewable energy electrolysis for green hydrogen production + biomass gasification 
synthesis

Guazhou, Gansu, China Under Construction 

3 Tianjin Saihong Environmental Engineering Co., Ltd.
100,000 tons of green methanol per year; 
Closed-loop Arundo donax biomass green methanol

Tianjin, China Under construction

4 Shanghai Electric Group Co., Ltd.
250,000 tons of methanol per year (2027);
Biomass steam+wind electricity

Taonan, Jilin, China Under construction

5 LONGi Green Energy Technology Co., Ltd.
120,000 tons of green methanol per year;
Pure biomass gasification technology

Xiangcheng, Xuchang, 
Henan, China

Under Construction

6 LANGE New Energy (Dafeng) Co., Ltd.
300,000 tons of green methanol per year; 
Biomass gasification (agricultural waste)

Dafeng Port, Jiangsu, ChinaUnder Construction

7
Inner Mongolia Guyang Economic Development 
Zone New Energy Co., Ltd. (Xindao Energy Group)

200,000 tons of green methanol per year; 
Off-grid wind-solar hydrogen production coupled with biomass

Guyang, Baotou, Inner 
Mongolia, China

Under Construction

8 Liaoning Huadian Tieling Green Methanol Project
100,000 tons of green methanol per year; 
Wind power hydrogen production coupled with biomass gasification

Diaobingshan, Tieling, 
Liaoning, China

Under Construction

9 Debobioenergy Ltd.
150,000 tons of methanol per year;
Biomass steam+oxygengasification

Ruijin, Jiangxi, China Under construction

10 Yuanhuang Energy (Inner Mongolia) Co., Ltd
700,000 tons of green methanol per year; 
Biomass-based e-methanol

Otog Banner, Ordos, Inner 
Mongolia, China

Under construction

11
China Energy Engineering Corporation (CEEC) -
Shuangyashan Project

200,000 tons of green methanol per year; 
Wind-solar hydrogen coupled with biomass gasification

Shuangyashan, 
Heilongjiang, China

Under Construction

12 SPIC Jilin Electric Power Co., Ltd. (Jidian Co., Ltd.)
197,200 tons of green methanol per year; 
Wind-solar green hydrogen coupling with biomass

Lishu, Siping, Jilin, China Construction Initiated

ü Green methanol projects under construction: 

The total production capacity of the green methanol project under construction is 3,067,200 tonsper year. 
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Number Company Scale and techniqueroute Location Status

1
Beijing Nengjian Technology Development Co., Ltd.; 
China Coal Construction Group

150,000 tons of methanol per year; Biomass steam + wind electricity + electrolysis of 
water

Yushu, Jilin, China Signed a contract

2 LONGi Green Energy Technology Co., Ltd 180,000 tons of green methanol per year; Biomass gasification
Ganyu, Lianyungang, 
Jiangsu, China

Signed a contract

3 Liaoning Tieling Carbon Recycling Project
244,000 tons of green methanol per year (co-producing protein); 
Non-food biomass to green methanol

Tieling, Liaoning, China Signed a contract

4
Horqin Zuoyi Middle Banner & China Coal Inner 
Mongolia Energy Co., Ltd

200,000 tons of green methanol per year; 
Wind-solar hydrogen coupled with biomass gasification

Hure Banner, Tongliao, 
Inner Mongolia, China

Signed a contract

5
Jilin Huajin Energy Co., Ltd.; Carbon Recycling 
International (Iceland)

270,000 tons of green methanol per year; 
Green power + biomass coupling

Yushu, Jilin, China Signed a contract

6 China Coal Group; COFCO
200,000 tons of green methanol per year; Self-developed cattle manure gasification 
technology

Linxi, Chifeng, Inner 
Mongolia, China

Approved

7 Charoen Pokphand Group (CP Group) 1,500,000 tons of green methanol per year; Offshore wind power + biomass resources
Gulei, Zhangzhou, Fujian, 
China

Approved

8
China National Chemical Engineering Group (Zhongke 
Nengyuan Chemical)

300,000 tons of green methanol per year (Phase I: 100,000 tons); Wind-solar green 
hydrogen + biomass gasification

Minle, Zhangye, Gansu, 
China

Approved

9 Huadian (Keyouqianqi) Energy Co., Ltd 200,000 tons of green methanol per year; Wind-solar hydrogen production integration
Keyouqianqi, Hinggan 
League, Inner Mongolia, 
China

Approved

10
Goldwind Green Energy Chemical (Hinggan League) Co., 
Ltd

725,000 tons of green methanol per year (Phase III); Green hydrogen to green methanol
Hinggan League, Inner 
Mongolia, China

Approved

11
CIMC Green Energy Low-Carbon Technology (Zhanjiang) 
Co., Ltd

200,000 tons of green methanol per year (Phase II expansion); Biomass gasification
Suixi, Zhanjiang, 
Guangdong, China

Approved

12 Fuyang Chemtex Bioengineering Technology Co., Ltd200,000 tons of green methanol per year; Biomass fluidized bed gasification technology
Linquan, Fuyang, Anhui, 
China

EIA Approved

13 German-related partiesτLianyungang, Jiangsu Project 800,000 tons of green methanol per year; Biomass gasification Nantong, Jiangsu, China Approved

ü Green methanol projects signed a contract or approved (may be affected by market or policy factors) : 

2. Green Methanol Production: Representative projects
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2.2 Biomass to Green Methanol: Representative Cases

üCase 1: Shanghai Electric Taonan Wind Power Coupling Biomass Green Methanol 

Integration Project
Project overview:

Location: Tongnan, Jilin, China

Production capacity: 250,000 tons/year

Renewable energy installed capacity: 680 MW

Biomass consumption: 800,000 tons/yr (straw)

Gasification performance:

ü Fluidized bed gasification is used.

ü Electrolytic hydrogen production device: 8,000Nm3/h

ü Hydrogen storage device: 10 tons

ü Green methanol fuel meeting marine standards

Start to construct: March 2024.

Commencement of Production: July 2025
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2.2 Biomass to Green Methanol: Representative Cases

üCase 2: The 50,000-ton/year biomass liquid fuel project of CIMC Green Energy

Project overview:

Location: Zhanjiang, Guangdong, China

Production capacity: 50,000 tons/year

Land area: ~292,000 m2

Process route: Biomass gasification + synthesis coupled with biomass 

direct combustion power generation (international first)

Gasification performance:

ü Circulating fluidized bed (CFB) biomass gasification technology

ü Innovative "mild gasification" coupled with "char self-catalytic cracking" 

approach

ü Breakthroughs in uniform fluidization of multi-component particles, in-situ 

tar cracking, and alkali metal corrosion prevention

Commencement of Production: December 16, 2025
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2.3 Biomass to Green Methanol: Representative Cases

üCase 3: SPIC Jilin Electric Power Lishu Wind-Solar Green Hydrogen & Biomass 

Green Methanol Project
Project overview:

Location: Lishu, Siping, Jilin, China

Capacity: 197,200 tons/year (green methanol)

Wind power scale: 400 MW

Hydrogen production: 32,000 Nm3/h

Gasification performance:

ü Biomass entrained-bed gasification (43.94 t/h bio-carbon, 

87.77 t/h syngas)

ü Hydrogen storage facility: 208,000 Nm3

ü Storage facility: 10 MW / 20 MWh

Start to construct: October 2025 

Expected production start: Second half of 2028
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2.4 Biomass to Green Methanol: Representative Cases

üCase 4: LANGE New Energy Dafeng 300,000 t/y Green Methanol Project 

Project overview:

Location: Dafeng Port, Yancheng, Jiangsu, China

Green methanol production: 300,000 tons/year

Technology route: Biomass gasification (mainly 

agricultural waste)

Gasification performance:

ü Fixed/fluidized bed combined gasification

ü Pure biomass route (no green hydrogen coupling)

Storage facility: 100,000 m³ methanol tank farm

Start to construct: May 2025

Expected production start: End of 2026
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2.5 Biomass to SAF cases in China

·Technical principle: From biomass to SAF

Biomass gasification - Fischer-Tropsch (G -FT) synthesis is a key 

technology for converting agricultural and forestry waste into high -

quality liquid fuel. The core process is as follows: ˍ Gasification : At 

high temperatures, convert straw, wood chips, and distillers' grains into 

CO and H 2 v|qjdv ʐ ˎ Synthesis : Through the Fischer -Tropsch 

reaction, convert it into long -fkdlq k|gurfduerqv ʐ ˏ Refining : 

Separate and process to obtain high -purity SAF. It can efficiently 

achieve "turning waste into treasure" and is the core technical path for 

the aviation industry to achieve carbon neutrality.

·Comparison of the two major G -FT demonstration projects in China
αThe enterprise has announced its plan β

Key indicator
Lanze Energy 

· Luzhou Project 
(Sichuan ᵹṧ)

China Energy Construction 
· Shuangyashan Project 
(Heilongjinag β

Core route

Distillate from grains and 
zrrg ʐ Jdvlilfdwlrq ʐ 

Fischer-Tropsch 
one -step process

Straw + wind -solar green 
hydrogen 

ʐ Ilvfkhu-Tropsch synthesis

Scale and Raw 
Materials

100,000 tons/year 
Utilizing the resources from 

distillery waste residue

Phase I 100,000 tons
Abundant agricultural straw in 

Northeast China

Highlight
/Commissioning

Start construction:  Apr. 2026
Plan to Operation: 2028

Start construction:  Sep. 2025
Plan to Operation: 2027

Open a new era of green aviation σThe steady progress of the two demonstration projects 

indicates that China has fully mastered the core technology for large -scale and low -cost production of 

bio -based SAF, and has opened up the entire industrial chain path from "agricultural and forestry 

waste" to "aviation fuel". This provides solid technical support and production capacity guarantee for 

achieving the "carbon neutrality" goal and the green transformation of the aviation industry.
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ˏ Tar Monitor and step -

wised removal 

technology

Biowaste

Biogas

Moderate 

anaerobic 

digestion

Dige

state

Compression 

separation
Syngas

Pyrolysis gasification 

system

ˍ Controlled biological 

pre-treatment ïpyrolysis gasification

ˎ Simulation of Coupled Systems

Numerical 

simulation

Research of Biomass Gasification to Green Fuels 
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3.1 Anaerobic digestion coupled with gasification technology

ü The Effect of Anaerobic Fermentation on the Physicochemical Properties of Digestate

ü Physicochemical properties of 

anaerobic digestion sludge/liquid

ü Changes in the solid -liquid phase 

parameters are concentrated in the 

early stages of fermentation;

ü By days 6ï8, the degree of 

anaerobic digestion has largely 

reached saturation;

ü Moderate anaerobic digestion 

coupled with pyrolysis gasification 

is feasible in terms of time scale.
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Changes in the physicochemical properties of digested sludge at different fermentation gradients

Resources, Conservation and Recycling.(2023, 106710)
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Online FTIR spectra of the raw material 

at typical TG temperatures

Å Moderate digestion promotes 

the preferential release of 

characteristic functional groups 

and gases;

Å Full fermentation reduces the 

intensity of the released 

compounds.

Energy Conversion and Management.(2022, 115934)

Bioresource Technology.(2022, 126496)

3.1 Anaerobic digestion coupled with gasification technology
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ü Analysis of the Characteristics and Mechanisms of Methane Release in Anaerobic Fermentation Processes

ü Methane production efficiency is high during the early stages, 

it is comparatively lower during the middle and late stages;

ü A process combining moderate anaerobic fermentation with 

pyrolysis gasification, with day 8 as the dividing point, is 

expected to achieve highly efficient energy recovery.

Methane production performance under different fermentation gradients
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Three-phase diagrams of C -H-O in digested slurry 

under different fermentation gradients

ü As the degree of fermentation increases, the phase points of 

the digested slurry samples gradually shift away from 

hemicellulose and cellulose and towards lignin;

ü The degree of cellulose hydrolysis is a key indicator of energy 

yield.
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3.1 Anaerobic digestion coupled with pyrolysis gasification technology
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ü A Comparative Analysis of Methanol Production via the Coupled Route and the Stand -alone Gasification Route

3.1 Anaerobic digestion coupled with pyrolysis gasification technology
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Pyrolysis Sample Quality/g
Temperatur

e/

Reaction 

time/min

Tar 

production/g

Tar 

yield/%

Carbon 

production/g

Carbon 

yield/%

Gas 

production/g

Gas 

yield/%
H2 CO CO2 CH4 H2/CO

N2: 100 wine lees 10.0567 800 15 1.6135 16.04 2.738 27.23 5.7052 56.73 16.263% 52.52% 11.981% 19.23% 0.306 

wine lees 10.0411 700 15 1.9166 19.09 2.9252 27.34 5.1993 53.58 11.147% 54.41% 11.211% 23.23% 0.203 

wine lees 10.5204 600 15 2.056 19.54 3.0318 28.82 5.4326 51.64 11.573% 50.14% 5.370% 32.92% 0.228

wine lees 10.0139 500 15 1.8383 18.36 3.1626 31.58 5.013 50.06 8.034% 36.45% 4.398% 51.12% 0.218

wine lees 10.0651 400 15 1.851 18.39 3.9007 38.75 4.3134 42.86 1.083% 38.48% 0.765% 59.68% 0.028

Steam 

gasification
Sample Quality/g

Temperatur

e/

Reaction 

time/min

Tar 

production/g

Tar 

yield/%

Carbon 

production/g

Carbon 

yield/%

Gas 

production/g

Gas 

yield/%
H2 CO CO2 CH4 H2/CO

S:B=3 wine lees 10.03 800 15 0.29 2.85 2.49 24.83 7.25 72.33 37.75% 37.38% 7.00% 17.87% 1.01 

S:B=2 wine lees 10.09 800 15 0.77 7.64 2.55 25.27 6.77 67.09 31.44% 33.30% 14.17% 21.09% 0.94 

CO2

gasification
Sample Quality/g

Temperatu

re/

Reaction 

time/min

Tar 

production/g

Tar 

yield/%

Carbon 

production/g

Carbon 

yield/%

Gas 

production/g

Gas 

yield/%
H2 CO CO2 CH4 H2/CO

100 wine lees 10.11 800 15 0.85 8.42 2.63 26.01 6.63 65.57 6.82% 30.01% 5.16% 58.01% 0.23 

200 wine lees 10.04 800 15 0.82 8.16 2.71 26.99 6.51 64.85 9.93% 33.97% 6.70% 49.41% 0.29 

300 wine lees 10.04 800 15 0.46 4.60 2.67 26.59 6.91 68.80 11.82% 38.90% 7.84% 41.44% 0.30 

Air 

gasification
Sample Quality/g

Temperatu

re/

Reaction 

time/min

Tar 

production/g

Tar 

yield/%

Carbon 

production/g

Carbon 

yield/%

Gas 

production/g

Gas 

yield/%
H2 CO CO2 CH4 H2/CO

100 wine lees 10.145 800 15 0.72 7.25 2.70 27.03 6.57 65.72 15.42% 43.17% 9.52% 31.89% 0.36 

Steam 

gasification
Sample Quality/g

Temperatur

e/

Reaction 

time/min

Tar 

production/g

Tar 

yield/%

Carbon 

production/g

Carbon 

yield/%

Gas 

production/g

Gas 

yield/%
H2 CO CO2 CH4 H2/CO

S:B=3 digestate 10.03 800 15 0.8473 8.39 5.1711 51.21 4.0794 40.40 34.33% 20.99% 17.08% 27.60% 1.63

üKey experimental validation

3.1 Anaerobic digestion coupled with pyrolysis gasification technology
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üMass flow analysis

Route 2 offers advantages in terms of conversion efficiency , achieving a rate of 16.72%, which is significantly 

higher than the 11.04% recorded for Route 1.

This indicates that the AD+GS process enables the efficient utilisation of hydrogen from distillersô grains, and 

that the biogas reforming process significantly increases the hydrogen concentration in the synthesis gas.

3.1 Anaerobic digestion coupled with pyrolysis gasification technology
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Option 1 offers greater advantages due to its relatively 

simple system and small footprint.

üCost -effectiveness comparison

No. Project Unit 

Route 1 Route 2 

Value 

Cost 

(Million 

USD) 

Value 

Cost 

(Million 

USD) 

1 
Equipment investment on 

gasification unit 

Million 

USD 
101.00  71.19  

1.1 Drying system 

Million 

USD 

4.74  13.31  

1.2 Gasifier 38.32  15.50  

1.3 Gas purification 4.18  1.69  

1.4 Waste heat utilization 16.72  6.76  

1.5 Ash and slag removal system 0.60  0.24  

1.6 Chemical water system 0.64  0.26  

1.7 Water supply system 0.33  0.13  

1.8 
Biomass direct combustion power 

generation system 
6.51  4.99  

1.9 Control system 0.96  0.39  

1.1 Auxiliary production system 0.14  0.06  

1.11 Methanol synthesis system 27.87  27.87  

2 
Equipment investment on 

anaerobic digestion unit 

Mil lion 

USD 
0  58.94  

2.1 Anaerobic digestion system 

Million 

USD 

0  0  

2.2 Solid - liquid separation system 0  0  

2.3 
Biogas storage and purification 

system 
0  0  

2.4 Automatic control system 0  58.94  

 1 

3 Total operating cost 
Million 

USD 
 15.19  11.45 

3.1 Total amount of DG Million 

tons/yr 

0.906 12.62 0.598 8.33 

3.2 Total amount of digestate 0 0 0.156 0 

3.3 Power consumption 

MWh/y

r 

90000 0 
51822

.1 
0 

3.3.1 Gasification of digestate 0 0 
36401

.2 
0 

3.3.2 Anaerobic digestion 0 0 
15421

.0 
0 

3.4 Water consumption 
Million 

tons/yr 

0.65 0.33 1.72 0.89 

3.4.1 Gasification of digestate 0 0 0.26 0 

3.4.2 Anaerobic digestion 0 0 1.46 0 

3.5 
Use of methanol synthesis 

catalyst 
m³/a 50 0.56 20.22 0.22 

3.6 Labor cost (number of workers) person 100 1.67 120 2.01 

3.7 Annual effective working time h 8000 0 8000 0 

4 Total construction investment 
Million 

USD 
131.67 202.73 

4.1 Building cost 

Million 

USD 

15.19 40.13 

4.2 Installation cost 0.00 4.71 

4.3 Equipment and tool purchase cost 101.01 130.13 

4.4 
Other project construction costs + 

Land occupation 
12.75 22.49 

4.5 Basic reserve fund 2.79 5.29 

5 Total investment Million 

USD 

136.40 208.86 

6 Total cost 27.17 29.44 

7 Cost per ton of methanol USD 264.73 292.59 

8 Total investment return rate % 19.46 11.44 

9 
Pay - back period of total 

investment 
year 5.65 7.66 

 1 

3.1 Anaerobic digestion coupled with pyrolysis gasification technology
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ü Carbon Footprint Analysis and Green Attribute Assurance

Both routes achieve carbon emission reductions of over 90%, and as the entire process relies 

solely on biomass for energy, the green credentials of the methanol are fully guaranteed.

Project Unit Route1  Route2 

Basic 

information 

of process 

input 

Total input of DG (wet) Mt/Year 
906,00

0 
598000 

Moisture content of DG % 60.0 60.0 

Input to gasification 

(20% moisture content) Mt Input 

386,80

0 
156400 

Input to anaerobic digestion 0.0 521400 

Dry weight of bio- methanol Mt/Year 
99,850.

0 
99,850.0 

Process 

emission 

information 

Electricity consumption 

t CO2eq/ 

Year 

213.9 141.2 

Heat consumption 0.0 0.0 

Hydrogen 0.0 0.0 

Fresh water 806.6 2140.8 

Wastewater treatment 46.3 538.4 

Catalyst 500 202.2 

Methane diffusion/escape emissions 0 0.8 

Specific process emissions 1,566.8 3023.4 

 1 

Carbon 

emission 

statistics 

Emissions from raw material cultivation 

or acquisition (eec) 

g CO2eq/ MJ 

methanol 

0.00 0.00 

Emissions from land - use change (el) 0.00 0.00 

Emissions from increased soil carbon 

sequestration through improved 

agricultural management (esca) 

0.00 0.00 

Specific process emissions (ep) 0.78 1.51 

Emissions from transportation and 

distribution (etd) 
4.83 4.41 

Fuel emissions during use (eu) 0.00 0.00 

Carbon capture and geological storage 

(eccs) 
0.00 0.00 

Carbon capture and substitution 

emission reduction (eccr) 
0.00 0.00 

Total emissions of methanol (E) 
g CO2eq/ MJ 

methanol 
5.61 5.92 

Fossil fuel reference value g CO2eq/ MJ 94.00 94.00 

GHG emission reduction rate % 94.03 93.70 

 1 

3.1 Anaerobic digestion coupled with pyrolysis gasification technology
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ü Precise Modelling of Fermentation and Gasification Processes Combining Classical Theory and Machine Learning

Empirical model
Theoretical 

model

Advantage: Wide range of 

applications

Disadvantage: Low accuracy

Disadvantage: Limited 

range

Advantage: High accuracy

Theoretical models provide a framework, whilst 

empirical models calculate key parameters

Complementary strengths

Traditional single -model approach

Core constant 

term K

ADM1 model Machine learning model

Core constant 

term T

Thermodynamic 

equilibrium model Machine learning model

Calculation 

of K values

Calculation 

of T values

Modelling of Anaerobic Fermentation Processes

ï5% Improvement in Accuracy

Modelling of pyrolysis gasification processes

ï8% Improvement in Accuracy

3.2 Numerical Simulation on the  Coupled Processes
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ü Coupled Fermentation ïGasification Models and Their Application in Inverse Design

Temperature

pH

Catalyst

Time

Pressure

Introduction of heuristic algorithms for 

reverse design optimization of fermentation-

gasification coupled process systems

D
e

s
ig

n
 

s
o

ftw
a

re

System energy efficiency improved by 8.3%

Upgrading Biomass Fermentation Models Upgrading Gasification Models

Grey-Box Integration of Fermentation and Gasification Processes

3.2 Numerical Simulation on the  Coupled Processes
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3.3 Tar Monitor and step -wised removal technology

In -situ Raman technology is used for monitoring the main 
composition of syngas (H2, CO, CO2, CH4, O2, N2); 

In -situ FTIR coupled with fractional condenser is used for monitoring 
tar components;

A feedback control system is used for smart control the gasifier.

Microwave assisted catalytic cracking is used for removal the heavy 
tar at high temperature ;

Photo - thermal reforming is used for removal the light tar at lower 
whpshudwxuh zklfk grhvqɋw qhhg h{wud khdw lqsxw1
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ü Development of a high -efficiency microwave -catalysed reforming catalyst for tar removal

Energy. (2024; 132126)
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Carbon conversion rates of toluene at different temperatures

(a)Co/C; (b)Co/AC microwave -assisted catalytic stability

ü Co/C effectively enhances the dispersion of metal sites in 

the catalyst;

ü Microwave irradiation enhances the stability of the catalyst.

ü MOF-derived Co/C catalysts exhibit greater activity and 

stability;

ü Catalytic activity is higher under microwave conditions 

than under conventional heating conditions.

(a) Co/C; (b) Co/AC SEM image

(a) (b)

Co NPsCo NPs

Mechanism of the tar reforming reaction of Co/C in a microwave field

3.3.1 Microwave assisted cracking of biomass tar
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Schematic diagram of electron focusing in a microwave field
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OH-

ü Mechanism of MOF -derived carbon catalysts under microwave irradiation

ü Microwave electromagnetic fields enhance electron 

aggregation;

ü They intensify the dissociation of water molecules, increase 

reactivity and improve resistance to carbon build -up.

ü Competitive coordination exposes the Co metal active sites ;

ü The exposed sites promote the reaction via chemical looping

steam reforming ;

ü The rate of carbon deposit gasification exceeds the rate of

carbon deposit formation .

Modulation of metal active sites in Co/C catalysts via ligand modification

Catalytic mechanisms based on exposed sites

ˍ Skin effect

ˎ Electron transfer effect

Preparation of a NiCo/C bimetallic catalyst by Ni doping

29

3.3.1 Microwave assisted cracking of biomass tar
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Photothermal synergistic Effect

Effect of temperature on (a) carbon conversion and (b) gas 
generation of LM4N6 in PTR and TR

24 h duration test with LM4N6 catalysts

Light tar conversion can be higher 
than 95% for 24 h at 400 ɹ

LM4N6 shows outstanding thermal and 
photic catalytic property

LaMn xNi 1-xO3 perovskites with different Mn substitutions were 
synthesized by sol -gel method

Å EPR: LM4N6 has highest 
oxygen vacancy 
concentration

Å CO-TPR: Low Mn 
substitution (x = 0.2,0.4) 
promotes the formation of 
adsorbed oxygen species

Redox property analysis

Optical property analysis

Å UV-vis diffuse reflection σ
LM4N6 have excellent light 
absorption in 200 -800 nm

Å PL: Emission peak at 517 
nm; LM4N6 have good 
charge separation 
performance

3.3.2 Photo -thermal reforming of biomass tar



IEA tas k meeting in Sep. 2025

Visiting Taonan plant in 2025

Equipment development and International Communication

Biomass gasification + microwave tar removal pilot plant

Tar content can be 
reduced to 28.4 mg/Nm 3

by microwave cracking, 
which was testified in a 

gasification plant

Biomass pyrolysis + microwave tar removal + dedusting system
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