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1. Background: Carbon reduction goals in China and the World
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Greenhouse gas emission leads to the global climate change. 
Carbon netural goal is crucial for sustainable development.

China's time from carbon peak to carbon neutrality is shorter, and the task is very difficult 
and challenging. Energy structure reformation is necessary.

Other 

Hydro

Biomass/waste

Nuclear

Natural gas

Petroleum

Coal

Fossil fuels still account for 60% of the total 
energy consumption.



1. Background: Role of biomass for carbon reduction
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Combined with BECCS, biomass use is expected to reduce carbon 
emissions by more than 2 billion tons per year in 2060 in China

Biomass is the carbon-neutral renewable energy, showing great 
perspective to the reconstruction of the energy sector 

Pyrolytic liquidation

Pyrolytic carbonization

Pyrolytic gasification

SAF, Bio-methanol…

Solid fuel,
Char based absorbent
Fertilizer …

Fuel gas,
Syngas, Hydrogen…



5

Straw

Proximate analysis:
Moisture content: 5%;
Ash: 8%;
Volatiles: 72%
Fixed carbon: 12%;
Heating value: 15-19MJ/kg
Ultimate analysis:
C: 42%; H: 6%;
O: 41%; N:3%.
Collection amount: 0.6 
billion tones per year

Gasification
1 t

Bio-syngas

Bio-char

1500 Nm3, 
HHV: 4-7 MJ/Nm3 

200 kg, 
Carbon content: 40%

LHV: ~20MJ/kg

CHP 

Electricity: 1800 MJ 
（~500 kW h）

Heat: 4800 MJ 
（area of heat 

supply: 0.6 m2）

25%

65%

fertilizer

Activated 
carbon

Solid fuel

390 kg

22 kg

Based on coal combustion:  Red font: CO2 emission for achieving the same target 
in conventional processes; Producing 1 kW h electricity=0.7 kg CO2 emission
1 m2 Heat supply in North China=37 kg CO2 emission
Combustion of 1 t standard coal=2.7 t CO2 emission

=130 kg standard coal
=370 kg CO2 emission

Gasification of 1 ton of straw can achieve 782 kg CO2 reduction at least 

1. Background: Carbon Reduction Potential by utilizing Biomass
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MSW Gasification

1 t MSW
=0.3 t RDF

Fuel syngas

Residue

300-500 Nm3, 
HHV: 11 MJ/Nm3 

Electricity: ~320 kW h

Landfill

224 kg

Moisture content of raw 
MSW: higher than 70%;
After drying: low than 18%;
RDF production: 3 tons of 
MSW produce 1 ton of RDF

No CO2 emission

~45kg, stable

Comparison between different MSW disposals (1 ton of MSW):

 Gasification + combustion: -224 kg CO2

 Landfill

+234 kg CO2 (with landfill gas capture)

+557 kg CO2 (without landfill gas capture)

 Traditional MSW incineration: -126 kg CO2

“Gasification + combustion” achieves a cleaner conversion of MSW 

into electricity, while traditional incineration needs more energy and 

materials cost to clean the flue gas.

1. Background: Carbon Reduction Potential by utilizing Bio-waste
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No. Type Items for example Total production Current utilization 

1 Municipal 
facilities

MSW

230 million tons in 2020
Landfill: 33.1%;
Incineration: 62.1%
Other disposal: 4.8%

Food waste

Garden waste

Municipal sewage
sludge

2 Agriculture and 
forestry 

Agriculture waste

3.04 billion tons in 2020

Use as fuel: 11.8% (direct combustion)
Use as fertilizer: 47.2%
Use as feed: 18.0%
Use as materials: 4.7%
Untreated: 18.3%

Manure

Forestry waste

3 Industries Grain residue

1.38 billion tons in 2020
Storage: 23.1% (don’t use)
Disposal: 23.5%
Utilized: 53.4%

Herb residue

Distillers' grains

Amount and current utilizations of biomass/wastes from different sources

The collectible and untreated biomass/wastes reaches 1.27 billion tons per year. If gasified, 284
millions tons of CO2 can be reduced (calculated based on the MSW carbon reduction data)

1. Background: Carbon Reduction Potential



1. Background: Current Situation
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Utilization of Biomass 

Lower than10 %

（2022）

Solar Wind Water Biomass in 
total

Biomass 
except MSW

Only 6.7% in 
renewable 
electricity

2023年使用生物质

实现碳减排

2022年总碳排放量

Carbon reduction by utilizing biomass in China

In China, the current utilization of biomass 
is far to enough, the contribution to carbon 

reduction is not significant.
Biomass to high-value-added chemicals 

should be a potential approach to boost the 
biomass industry.

2060年总减碳量

2060年预测利用生

物质实现的减碳量

Only 22%

Manures

Straw

Forestal waste

MSW

Sewage Sludge

Waste oils

Total Utilized for energy

Total emission in 2022

Carbon reduction by 
biomass in 2022

Total emission in 2060

Carbon reduction by 
biomass in 2023e

Carbon reduction by 
biomass in 2060e

Renewable electricity in 2022 (0.1 billion)



2. Green methonal production: General Information
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 The disclosed projects show a considerable methanol 

production, with a total capacity of more than 24 

million tons.

 Specific investments have been disclosed in 51

projects, and the cumulative investment disclosed has 

exceeded 430 billion yuan (~60 billion USD).

 Route selection: Biomass+green hydrogen; Biomass; 

Carbon dioxide+hydrogen. Biomass has become the 

most selected process raw material.

 Distribution: Northeast China and Inner Mongolia 

have become the focus of the project.

 By the end of August 2024, China has planned more than 90 green methanol projects (including 

completed, under construction, preparation and contract projects). 

Representative green methanol projects distributed in China



2. Green methonal production: Representative projects
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Company Scale and technique route Location Status

China Tianying Inc.
800,000 tons of methanol per year;
Wind electricity+photovoltaic power

Liaoyuan, Jilin, 
China

Under construction

Yuanhuang Energy Co., LTD
700,000 tons of methanol per year;
Biomass steam+wind electricity+photovoltaic power

Ordos, Inner 
Mongolia, China

Signed a contract

Longji Bioenergy Co., LTD
120,000 tons of methanol per year;
Biomass gasification

Xuchang, Henan, 
China 

Under construction

Shanghai Electric Group 
Co., LTD

250,000 tons of methanol per year (2027);
Biomass steam+wind electricity

Taonan, Jilin, 
China

Under construction

Mingyang New Energy 
Development Co., LTD

700,000  tons of methanol per year;
Biomass steam+wind electricity+photovoltaic power

Etoke, Inner 
Mongolia, China

Signed a contract

Yueda Biomass Technology 
Co., LTD

1000,000  tons of methanol per year (200,000 tons 
in the first-stage project);
Biomass steam+wind electricity+photovoltaic power

Yancheng, 
Jiangsu,China

Under construction

 China is the largest country in methanol production and consumption. 



2. Green methonal production: general information
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Company Scale and technique route Location Status

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

CSSC Wind Power (Tongliao) New 
Energy Investment Co., LTD

320,000 tons of methanol per year;
Biomass  steam+electrolysis of water

Tongliao, Inner 
Mongolia, China 

Signed a contract

Shanghai Jiyuan Green Energy Co., LTD
200,000 tons of methanol per year;
Biomass gasification

Siping, Jilin, China Signed a contract

Shandong Industrial Technology 
Research Institute, etc

300,000 tons of methanol per year;
wind electricity+electrolysis of water

Shandong, China Signed a contract

CSSC Science & Technology Co., Ltd, 
etc

200,000 tons of methanol per year;
electrolysis of water

Jixian, Heilongjiang, 
China

Signed a contract

Inner Mongolia Duolun comprehensive 
energy township electric green alcohol 
new energy Co., LTD

200,000 tons of methanol per year;
Biomass steam+green electricity

Duolun, Inner 
Mongolia, China

Signed a contract

Longyuan (Siziwang) Wind power Co., 
LTD

500,000 tons of methanol per year;
wind electricity

Ulanqab, Inner 
Mongolia, China

Signed a contract



2. Green methonal production: general information
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Company Scale and technique route Location Status

China Power Engineering 
Consulting Group Co., LTD

1000,000 tons of methanol per year 
(200,000 tons in the first-stage and 800,000 
tons in the second-stage);
Biomass steam+photovoltaic power+wind 
electricity+electrolysis of water

Shuangyashan,
Heilongjiang, China

Under construction

Beijing Hezhan Energy Co., LTD
200,000 tons of methanol per year;
Biomass steam+photovoltaic power+wind 
electricity+electrolysis of water

Tieling, Liaoning, 
China

Signed a contract

China Coal (Linxi) Bioenergy 
Co., LTD

200,000 tons of methanol per year;
Biomass steam+photovoltaic power+wind 
electricity+electrolysis of water

Chifeng, Inner 
Mongolia, China

Signed a contract

Inner Mongolia Huadian 
Mengdong Energy Co., LTD

200,000 tons of methanol per year;
Biomass steam+photovoltaic power+wind 
electricity+electrolysis of water

Hinggan League, 
Inner Mongolia, 
China

Signed a contract

Sedin Engineering Co., LTD Biomass gasification
Karamay, Xinjiang, 
China

Signed a contract



2. Green methonal production: general information
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Company Scale and technique route Location Status

China National Chemical 
Engineering Group 
Corporation Ltd.

1,000,000 tons of methanol per year (0.2
million ton in the first-stage project);
Biomass steam gasification

Yancheng, Jiangsu,
China

Under construction

Debo bioenergy Ltd.
150,000 tons of methanol per year.
Biomass steam+oxygen gasification

Ruijin, Jiangxi, China Under construction

Sany Group
370,000 tons of methanol per year.
Biomass gasification integrated with 
electrolysis of water

Changlin, Jilin, China Signed a contract

Zhongmin (Liaoning) 
Industrial Group

Biomass steam+photovoltaic power+wind 
electricity+electrolysis of water

Jiangling, Hubei, 
China

Signed a contract

Bahrain Shengbu solar 
power Co., LTD

200,000 tons of methanol per year;
Biomass gasification

Chifeng, Inner 
Mongolia, China

Signed a contract

Sinopec Liaoning Petroleum 
Branch

Biomass steam+photovoltaic power+wind 
electricity+electrolysis of water

Chaoyang, Liaoning, 
China

Signed a contract



2. Green methonal production: general information
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Company Scale and technique route Location Status

Heilongjiang Hongfei Green 
Energy Co., LTD

300,000 tons of methanol per year (20,000 tons in 
the first-stage);
Biomass gasification

Daqing, 
Heilongjiang, 
China

Signed a contract

Jinfeng Green Energy 
(Xingan League) Co., LTD

500,000 tons of methanol per year (250,000 tons in 
the first-stage);
Biomass steam+wind electricity

Xingan League, 
Inner Mongolia, 
China

Under construction

Integrated energy township 
electric navigation (Jidong 
County) new fuel Co., LTD

300,000 tons of methanol per year;
Biomass steam+wind electricity+electrolysis of 
water

Jixi, Heilongjiang, 
China

Signed a contract

CGN Wind Power Co., LTD
800,000 tons of methanol per year;
wind electricity

Xingan League, 
Inner Mongolia, 
China

Signed a contract

Mingyang New Energy 
Development Co., LTD

700,000  tons of methanol per year;
Biomass steam+wind electricity+photovoltaic power

Etoke, Inner 
Mongolia, China

Signed a contract

 At present, the demand for green methanol market is very strong and is on the rise, and it is expected that by 2029, the 
global green methanol production capacity will reach 27 million tons/year.



Anaerobic Digestion

2.1 How to produce green methonal?
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Renewable energy

Gasification

Process ObstaclesTechnical route

Biomass

Wind electricity

Photovoltaic power

Biogas--pretreatment--methane reforming--
synthesis gas compression--methanol synthesis, 
distillation

Raw material pretreatment--gasification--syngas 
treatment--methanol synthesis, distillation

Slow natural fermentation;
Low scale possibility of biogas;

Great demand for land;
Difficult waste residue dispose;

Some technical bottlenecks in 
large-scale gasifier

Electrolysis of water 
to produce hydrogen

CO2

By-product of reaction

Factory emission
……

Inefficient hydrogen 
production by electrolysis
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 Wind electricity, photovoltaic power and biomass have become popular raw material choices for 

green methanol projects.

Energy source for green methanol project in China

2.1 How to produce green methonal?

 Many projects choose a combination of multiple 

raw materials.

 Biomass has become the most selected process 

raw material.

 For projects using biomass, there is more certainty 

in terms of green certification, technological 

maturity, etc.

 The longer annual utilization hours of wind power 

may be conducive to improving the utilization rate 

of downstream equipment such as electrolytic 

hydrogen production.

Unstable, low-density 
renewable energy sources

Green methonal with a 
high calorific value

44.50%

20.40%

33.40%

1.70%

Biomass Photovoltaic power Wind electricity Others



2.2 Investigations by TJU and TJUC
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Total Investment: 

$134.18 million

Total cost: 

$21.85 million

Total investment 

internal rate of return 

(before tax)：

30.19%

Payback period:

4.14 years



2.2 Investigations by TJU and TJUC
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Total Investment: 

$168.54 million

Total cost: 

$26.50 million

Total investment 

internal rate of return 

(before tax)：

22.13%

Payback period: 

5.47 years
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3. Actual gasification plant in China

 Total amount: more than 10 million tons per year.

 Type of feedstock: agricultural and forestry waste, 

industrial organic waste (herb residue, 

distillers’grains,  waste plastic, etc.), MSW, 

hazardous waste, coal mixture…

 Scale: 500 t/year to 1 000 000 t/year.

 Type of gasifier: mainly fixed bed and fluidized 

bed gasifier; in some rural area, movable gasifier is 

applied; almost no biomass entrained-flow bed 

gasifier.

 Products: fuel gas, electricity, heat, steam, bio-

char, and bio-oil.  Biomass gasification towards 

chemicals are under construction, the green 

methanol plant will be started in 2025.

 In total, more than 100 larger-scale biomass gasification plants are running in China, and more 

than 20 plants are under construction presently. 

Representative large-scale biomass gasification distributed in China
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3. Actual gasification plants in China: Representative Projects

Project Main raw material Main product

Hubei Huadian Xiangyang 12MW biomass 
gasification coupled coal-fired unit power 
generation project

Straw, peanut shell, 
wood waste

High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4); plant ash

Electricity;
fertilizer

Hubei Guodian Jingmen 10.8MW biomass 
gasification coupled coal-fired unit power 
generation project

Rice husk and straw
High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4)

Electricity

Henan Xixia 30MW biomass cogeneration project

Straw, bag material 
waste mushroom 
sticks, fruit wood 
branches

High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4)

Electricity;
clean heat

Shanghai Electric (Suixi) 30MW biomass thermal 
power project

Straw, cornstalk, 
bark

High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4); plant ash

Electricity;
fertilizer

Anhui Feixi biomass gasification for 10t/h boiler co-
production project

Straw
High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4); biochar

Electricity;
biochar

Zhejiang Anji bamboo waste gasification for 10t/h 
boiler co-production project

Bamboo waste
High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4)

Electricity;
clean heat

Anqing Huining biomass gasification for 30t/h boiler 
co-production carbon central heating project

Rice husk
High-temperature gas (COȁH2ȁ
CO2ȁN2ȁCH4)

Clean heat
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3.1 Coal-fired power generation coupled with biomass gasification

Project overview: 

Location: Xiangyang, Hubei, China

Treatment capacity: 56000 ton/a

Power generation of boiler: 12 MW

Feedstock: rise husk, straw

Type of Gasifier: circulating fluidized bed 

gasifier

Gasification performance: 

 No tar released

 The biochar was utilized as raw-fertilizer

 Annual running time: 7000 h

 Power generation: 75×10 6 kW h/a

 Replacement of coal: 28000 ton/a
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3.2 Gasification of rise husk for char-power generation

Project overview: 

Location: Fuyang, Anhui, China

Treatment capacity: 150 t/day

Power generation by gas engine: 3 MW

Feedstock: rise husk

Type of Gasifier: up-draft fixed bed gasifier

Conditions for gasification: air gasification, 

the highest temperature is 1000 ℃

Gasification performance: 

 Gas yield: 1200 Nm3/t

 Heating value of gas: 1600 kcal/Nm3

 Char yield: 300-400 kg/t

 Tar content: 1.5 g/Nm3 after purification
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3.3 Gasification of straw for heat-power-char

Project overview: 

Location: Tangyuan, Heilongjiang, China

Treatment capacity: 30000-50000 t/a

Power generation by gas engine: 3 MW

Feedstock: Straw

Type of Gasifier: down-draft fixed bed 

gasifier (5 in total)

Gasification performance: 

 Gas yield: 2000 Nm3/t

 Char yield: 50 kg/t

 Liquid yield: 10 kg/t tar, 30 kg/t vinegar

 Power generation: 3 MW

 Heat supply: 2 4000 m2
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3.4 Gasification of Chinese herb/medicine residue

Pretreatment system

Crush Drying

Silo
Bag 

dedusting

Desiccation by steam

Pyrolysis & 

gasification 

system

Combustion steam 

generation system

Wet silo

Location
Heze, Shandong 
Province in China

Scale
Herb residue treating 

capability 250 t/d

Feedstock
Various herb residue 
with moisture of 75 
wt% (raw) → 20 wt%

The gasification & combustion 
sections

The crushing & drying 
sections

Overview of the pilot plant
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3.5 Gasification of RDF for power generation

Raw 
waste Sorting

Inorganics

Wet 
waste RDF

Direct 
combustion

Recycling of gas waste heat

Inorganic purification

Power 
generation

Compression

Drying

Gasification
Purification

Location
Shexian, Hebei 

Province in China

Scale
MSW treating capability

60 t/d
Electricity production: 

30 kW h/t

Feedstock
MSW with moisture 

60 wt.% (raw)
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3.6 High-temperature gasification of MSW and hazardous waste

Raw 

waste

Compression

Gasifier

Magnetic 

separation

Syngas 

purification

Oxidant

Slag 

chilling

Electric 

CNG

H2

Methanol

Oils

Sulfur

Salts

Other 

products

Slag 

metal

Location
Fangshan, 

Beijing in China

Scale
MSW disposal treating

2 t/d

Products
hydrogen
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3.7 Movable small-scale gasification-combustion of rural garbage

 Treatment capacity is 3-10 t/d.

 To achieve mobility, a slant moving bed gasifier for rural garbage treatment was designed.

 Gasification coupled with combustion was applied to achieve the volume reduction of the waste.

 A integrated flue gas clean-up system was constructed including electrostatic precipitation, SNCR denitration,

absorption removal of SOx and dioxin.

Overview of the pilot plant Blueprint of the movable gasifier
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4. Research focuses

From biomass fuel (briquettes) to 
biomass waste (MSW, LSG, etc). 
Improve compatibility.

Control of 
temperature, 
pressure, 
retention time,
gasification agent, 
and catalyst.
Comprehensive 
design and smart 
control towards 
different 
products.

Process

Source (feedstock) Products (benefits)

Producer gas used for distributed energy supply, 
concentrated heat, power, steam production, or 
synthesis of chemicals.
Custom design of tar removal, products upgrading 
considering environment and economic benefits 
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4.1 Integrated gasification technology

 Coupling of Biological Fermentation (Anaerobic Digestion) and Pyrolytic-Gasification 

(biological pretreatment of biomass + X gasification)

Coupling strategy can achieve the utilization of by-products, improve the 

system efficiency, and expend the source of feedstock.

AD：achieve both energy and resource 
utilization
Advantage: Mild process and low cost
Disadvantage: Long process and by-products

Gasification：Mainly for energy production
Advantage：Fast reaction and wide feedstock 
range 
Disadvantage：Pollutant emission, hard to control

 AD×High temp. gasification: biogas, heat, electricity, liquid fuels (methonal) 

 AD×High temp. gasification: biogas, bio-oil, and char or char based materials

How to find 
the best 

coupling point

How to achieve 
energy and mass 

transfer
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4.2 Multi-sources energy coupling

Wind Power Storage 
battery

Gas 
boiler

Store 
water

Digester
Minor

gasification

Cool water 

Hot water

Gas

Electric energy

Solar energy Resident

 Clean energy --Solar, wind 

and biomass

 Excitation effect of 

photocatalysis in biomass 

conversion process

 The complementarity of 

bioenergy and solar 

energy in distributed 

energy systems

How to integrate with other renewable energy to improve gasification 

efficiency?
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4.3 Multiple-force/Fields in Biomass Gasification

How to utilize multiple fields (solar, wind, magnetic, electric, microwave, etc.) 

in biomass gasification system for better performance?

Magnetic Field

Electric Field

Microwave Field

Biomass Gasification System

Feedstock
Decomposition

Tar
Removal

Syngas
Upgradation
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4.4 Artificial Intelligence Technology

What scenarios are promising to use artificial intelligence technologies to

obtain better efficiency, stability, feasibility, etc.?

Products and Pollutants 
Prediction?

Environment and Energy 
co-benefits？

System-Level 
Optimization?
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5. Gasification in TJU and TJCU: 5.1 Mild gasification

Drying

Pyrolysis

Limited 
oxidization

Biomass feedstock

char、light 
volatiles

Light tar and 
permanent gas

Char 
discharge

Char

Mild gasification Photothermal steam reforming of light tar to H2 rich gas

 Conventional gasification contains a severe oxidization stage leading to a low quality of char and excessive

emission of CO2. Control the intensity of gasification to form a mild process is meaningful for cogeneration of char.

 Mild gasification leads to a high yield of light tar. Phototheraml steam reforming shows potential to convert light tar

into H2 under a low temperature condition, which saves energy.
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5.2 Tar treatment by microwave and photocatalysis

Microwave molecular oscillation effect

Microwave 

molecular oscillation 

effect

Phenyl functional 
group

Effect of plasma

OH、N2
*and other reactive

free radicals

The synergistic effect of microwave effect (plasma), thermal effect and metal 

catalytic effect changes the tar cracking path and inhibits carbon deposition

The mechanism of tar cracking under microwave Bi-functional catalysts are developed for

tar removal under microwave

Tar cracking efficiency was higher than 95%

Carbon deposition rate was lower than 3%

Equipment development and application

Tar removal efficiency is higher than 93.77%

Design of the Microwave deviceDirect temperature 

measurement
Gasifier connected with microwave
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5.2 Tar treatment by microwave and photocatalysis

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℃

LM4N6 shows outstanding thermal and 
photic catalytic property

LaMnxNi1-xO3 perovskites with different Mn substitutions were 
synthesized by sol-gel method

• EPR: LM4N6 has highest 
oxygen vacancy 
concentration

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

Redox property analysis

Optical property analysis

• UV-vis diffuse reflection：
LM4N6 have excellent light 
absorption in 200-800 nm

• PL: Emission peak at 517 
nm; LM4N6 have good 
charge separation 
performance
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5.3 Gasification of landfill stale garbage (LSG)

Air Steam

Combustibles
Bed 
material

Gasification producer gas

Ceramsite

Flue 
gas

Humus

Removal of 
SOx-NOx

Dedust

Combustion of gas

LSG

Humus

Combustibles

Building material

gasification

产物名称 单价 说明

ceramsite 300 yuan/t 0.61 million ton/a

Fuel gas
0.35~0.50

yuan /Nm3
6.3×109 Nm3/a

Power
0.75

yuan/kw•h
37 million kw•h /a

Steam 200元/t 0.67 million ton/a

Products and Benefits

Dual CFB gasification-calcination 
treatment of LSG



Highlight of the country report

Conventional gasification of agricultural biomass:

Mature for distributed energy supply, but can be improved;

Diverse in feedstock, scale, and products;

Profitable especially with co-generation of bio-char.

Gasification of other bio-waste (MSW or hazardous waste): 

Suitable for some certain scenarios, mostly in rural and remote area.

Gasification for high-value-added products:

For MeOH and H2, many projects have been designed or under construction;

Emergent technologies with research focus

Chemical looping gasification; Integrated process;

Tar treatment; Combination with plasma, microwave…
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