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Background Biomass Avallability and Utilization Potential in China
..

Waste oils and fats [] Wastewater Sludge Biomass waste+New biomass+Emerging solid waste
Domestic waste Forestry Waste
Livestock manure Straw
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Background Energy Security

_ _ In March 2026 at the Fourth Sessionof the 14th National People'sCongress,
@Y International Conflicts and

Energy Security Risks

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 .
|ntensifying In 2025, the National Energy Administration issued the "Notice on Organizing
? International ConﬂiCtS the Research and Development and Industrialization Pilot of Green Liquid Fue
Technologies," clearly supporting the use of agricultural and forestry waste
biomass as raw materials to produce methanol and SAF through processes su

as gasification, hydrogenation, and catalytic synthesis.
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Annual Data Chart of China's SAF Demand Growth Unit: million tons
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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

The demand for SAF in China is increasing year by
year. The existing production capacity is almost zero
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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.
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Current Status of the Green Methanol Production in China
.

% Construction has already started

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

Pilot - scale gasification platform
Xing'an League i

% Ports shuangyashan e gistered, pending approval, and planned green methanol
x Suihua . . . . .
Taonan . projects , with a theoretical capacity of 53.46 million tons per
Songyuan
* Tongliao * year.
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‘ domestic biomass gasification synthesized green
* Yancheng
Zieiaie o O g methanol project to be put into operation.
’uchang : .%* .
 Fuyang Shanghal 8 ports where green methanol can be refueled.
T P g
:arﬁ_gm'a‘
Has
=
- Zhanf"é\ng
%

Distribution of Representative Green Methanol Projects in China

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



2. Green Methanol Production: Representative Projects
|

U Green methanoprojects in operation

Number  Company Scale and techniqueoute Location Status
Shanghai Electric Co 50,000 tons of green methanol per ” .
1 Ltd ear (Phase 1); Wind power hydrogel UCXCIEIP ) Al
' Y . P YAr98e! china Operation

production + biomass gasification

CIMC Green Energy 50,000 tons of green methanol per  Zhanjiang,

2 LowCarbon year (Phase |); Pure biomass Guangdong, Pilot .
Technology asification technolo China Operation
(Zhanjiang) Co., Ltd. J 9y
Goldwderee_n Green methanol (Phase I: 250,000 Hinggan League, :

3 SNEIEL7 CNEEE) tons); Wind power hydrogen Inner Mongolia FEIEL
TechnologyKinggan ’ P yarog golia, Operation

League) Co., Ltd production + biomass gasification  China




2. Green Methanol Production: Representative projects
|

U Green methanol projectsnder construction

Number Company Scale and techniqueoute Location Status
. : . : 500,000 tons of green fuel per year; Kangping, Shenyang, .
L (Clnlie [Zrgy7 [ ENeEEHig SerpeiEien (G2=e) Wind-solar hydrogen production coupled with biomass gasification Liaoning, China U O EE

250,000 tons of green methanol per year;

2 E;tznsu Runlong Hongneng Energy Management C(?Q’enewable energy electrolysis for green hydrogen production + biomass gasification Guazhou, Gansu, China  Under Construction
' synthesis
3 Tianjin Saihong Environmental Engineering Co., Lt ?g;ggg;%n;r?j;%r:zznﬂitgiﬁggserg{eeea: methanol Tianjin, China Under construction
4 Shanghai Electric Gro@o., Ltd. é?gﬁ?:sosizgsrnci:vmztgencﬂiEg year (2027); Taonan Jilin, China Under construction
5 LONGi Green Energy Technology Co., Ltd. 120’00.0 181785 @1 green methanol ber year, Xlangcheng, ATEENE) Under Construction
Pure biomass gasification technology Henan, China
6 LANGE New Energy (Dafeng) Co., Ltd. g(i)c?r;?:s?stggssifci)gagirgre;?argrei::r;irl;?;lpv?/;)slg)lr; Dafeng Port, Jiangsu, ChinaUnder Construction
7 Inner Mongolia Guyang Economic Development 200,000 tons of green methanol per year; Guyang, Baotou, Inner Under Construction
Zone New Energy Co., Ltd. (Xindao Energy Group)Off-grid windsolar hydrogen production coupled with biomass Mongolia, China
S . . . 100,000 tons of green methanol per year; Diaobingshan, Tieling, .
8 Liaoning Huadian Tieling Green Methanol Project Wind power hydrogen production coupled with biomass gasification Liaoning, China Under Construction
9 Debobioenergy Ltd. é?gr’r?ggs;t&lsmoion;%lﬁii?isgggr?r; Ruijin Jiangxi, China Under construction
. 700,000 tons of green methanol per year; Otog Banner, Ordos, Inner :
10 Yuanhuang Energy (Inner Mongolia) Co., Ltd Biomassbased emethanol Mongolia, China Under construction
11 China Energy Engineering Corporation (CEEC) 200,000 tons of green methanol per year; Shuangyashan, Under Construction
Shuangyashan Project Wind-solar hydrogen coupled with biomass gasification Heilongjiang, China
12 SPIC Jilin Electric Power Co., Ltd. (Jidian Co., Ltd.)197’200 tons of green methanol per year; Lishu, Siping, Jilin, China  Construction Initiated

Wind-solar green hydrogen coupling with biomass

The total production capacity of the green methanol project under constructidrts/,200 tonper year.



2. Green Methanol Production: Representative projects
|

U Green methanol projectsigned a contract or approvefmay be affected by market or policy factors)

Number  Company Scale and techniqueoute Location Status

1 Bel_Jlng Nengjian Tech_nology Development Co., Ltd.; 150,000 tons of methanol per year; Biomass steam + wind electricity + electrolysis of el I, Signed a contract
China Coal Construction Group water

2 LONG:I Green Energy Technology Co., Ltd 180,000 tons of green methanol per year; Biomass gasification ﬁ:{?ggu Llélai)r/wl;ngang, Signed a contract

3 Liaoning Tieling Carbon Recycling Project CEED000 to_ns 1 EET) THEL ) [P0 YT Lot iee (i Tieling, Liaoning, China Signed a contract

Non-food biomass to green methanol

4 Horgin Zuoyi Middle Banner & China Coal Inner 200,000 tons of green methanol per year; Hure Banner, Tongliao, Sianed a contract
Mongolia Energy Co., Ltd Wind-solar hydrogen coupled with biomass gasification Inner Mongolia, China g

5 Jilin Hugjln Energy Co., Ltd.; Carbon Recycling 270,000 tons of green methanpl per year; Ve, S, Ehiffre Signed a contract
International (Iceland) Green power + biomass coupling

6 China Coal Group: COECO 200,000 tons of green methanol per year; Skdf/eloped cattle manure gasification Linxi, Chlfeng, Inner Approved

technology Mongolia, China

7 Charoen Pokphand Group (CP Group) 1,500,000 tons of green methanol per year; Offshore wind power + biomass resourcesgﬁilﬁ; ATEIEPATE, (R Approved

8 China National Chemical Engineering Group (Zhongke300,000 tons of green methanol per year (Phase |: 100,000 tons)-S@ladgreen Minle, Zhangye, Gansu, Approved
Nengyuan Chemical) hydrogen + biomass gasification China PP

Keyougiangi, Hinggan
9 Huadian (Keyougiangi) Energy Co., Ltd 200,000 tons of green methanol per year; Wismlar hydrogen production integration League, Inner Mongolia,  Approved
China

10 Goldwind Green Energy Chemical (Hinggan League 725,000 tons of green methanol per year (Phase lll); Green hydrogen to green methar:{#ngan League, Inner Approved
Ltd ongolia, China
CIMGCGreenEnergy LowCarbon Technology (Zhanjian R e Suixi, Zhanjiang,

11 Co.. Ltd 200,000 tons of green methanol per year (Phase Il expansion); Biomass gasification Guangdong, China Approved

12 Fuyang Chemtex Bioengineering Technology Co., Ltd200,000 tons of green methanol per year; Biomass fluidized bed gasification technoloql‘é}ﬂi?]gan’ Fuyang, Anhui, EIA Approved

13 Germanrelated parties Lianyungang, Jiangsu Project 800,000 tons of green methanol per year; Biomass gasification Nantong, Jiangsu, China  Approved




2.2 Biomass to Green Methanol: Representative Cases
|

U Case 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:

U Fluidized bed gasification is used.

U Electrolytic hydrogen production device: 8,000Nm3/h
U Hydrogen storage device: 10 tons

U Green methanol fuel meeting marine standards
Start to construct: March 2024.

Commencement of Production: July 2025

10



2.2 Blomass to Green Methanol: Representative Cases
|

U Case 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 m?

Process route: Biomass gasification + synthesis coupled with biomass
direct combustion power generation (international first)

Gasification performance:

U Circulating fluidized bed (CFB) biomass gasification technology

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

approach

U Breakthroughs in uniform fluidization of multi-component particles, in-situ & L
tar cracking, and alkali metal corrosion prevention

Commencement of Production: December 16, 2025

11



2.3 Biomass to Green Methanol: Representative Cases
|

U Case 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 Nm?3/h

Gasification performance:

U Biomass entrained-bed gasification (43.94 t/h bio-carbon,
87.77 t/h syngas)

U Hydrogen storage facility: 208,000 Nm3

U Storage facility: 10 MW / 20 MWh

Start to construct: October 2025

Expected production start: Second half of 2028

12



2.4 Biomass to Green Methanol: Representative Cases
|

U Case 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:

U Fixed/fluidized bed combined gasification

U 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




2.5 Biomass to SAF cases in China

Comparison of the two major G -FT demonstration projects in China
a The enterprise has announced its plan B

Biomass gasification - Fischer-Tropsch (G -FT) synthesis is a key Lanze Energy China Energy Construction
technology for converting agricultural and forestry waste into high : Key indicator . Luzhou Project . Shuangyashan Project
quality liquid fuel. The core process is as follows: Gasification : At (Sichuan g § ) (Heilongjinag B

- Technical principle: From  blomass to SAF

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

Distillate from grains and

COandH,v | qj dyv Synthesis : Through the Fischer -Tropsch . ?traw +wind -solar green
] o o zrrgzLJdvlllfdqu§,
reaction, convertitintolong -f kdl q k| gur f cefieingg:v z Core route Fischer-Tropsch hydrogen
o . - | | v-fT hesi
Separate and process to obtain high  -purity SAF. It can efficiently one -step process 4 Vli:TE S ETinEsts
achieve "turning waste into treasure" and is the core technical path for
the aviation industry to achieve carbon neutrality. Scale and Raw - .100’000 BV oLy EINEEE .100’000 LIS .
: Utilizing the resources from Abundant agricultural straw in
Materials . ) :
distillery waste residue Northeast China

Start construction:  Sep. 2025

3 jl j Highlight Start construction:  Apr. 2026 )
“w P . 7
W" = 8) = | "3‘" /Commissioning Plan to Operation: 2028 S0 (8 OTPEEmehE 202

L

Open a new era of green aviation O The 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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Research of Biomass Gasification to Green Fuels
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3.1 Anaerobic digestion coupled with gasification technology

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

Changes in the physicochemical properties of digested sludge at different fermentation gradients

H

0 2 4 6 8 10 12
ElF7%E (e 26.29+0.92 24.86+0.46  22.85+0.01 21.07+0.44  [19.00%1.71 18.68+0.14  18.65+0.24
15.87 18.15 20.69 23.07 24.67 24.26 24.73
HITHESE (wt.% 5.52+0.10 5.65+0.81 6.04+0.03 6.25+0.20 6.46+0.20 6.53+0.17 6.39+0.35
25.93+0.59 20.11+1.19 13.67+0.54  11.27+0.34  |11.50%0.26  11.27+0.33 11.21+0.80
38.56+0.87 39.72+0.86  40.03+1.53  44.14%1.12  |42.69%2 T +0.18
BN PEEEE (% 5.45 13.07 19.86 7.75 28.94 29.06
qOTESRIRRRER (% 3.29 4.84 9.32 15.47 15.96 17.87
SFHESPERTEE (% 26.67 54.17 65.16 .96 69.10 69.33
AEEERE (% 2.59 9.75 8.26 20.00 2.00
AR IERE (% 11.57 25.81 29.42 37.40 38.80 39.21
C il o [ 11
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c
- — -
-t - -
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L c E ] Aratic zcid
i - i © |
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== i
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4 - 4 ] T -II .! : T T
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R 3 Az B By

= s

Resources, Conservation and Recycling.(2023, 106710)

Physicochemical properties of
anaerobic digestion sludge/liquid
Changes in the solid -liquid phase
parameters are concentrated in the
early stages of fermentation;

By days 6 i 8, the degree of
anaerobic digestion has largely
reached saturation;

Moderate anaerobic digestion
coupled with pyrolysis gasification

is feasible in terms of time scale.
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3.1 Anaerobic digestion coupled with gasification technology
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3.1 Anaerobic digestion coupled with pyrolysis gasification technology

i

Methane production performance under different fermentation gradients

i

Analysis of the Characteristics and Mechanisms of Methane Release in Anaerobic Fermentation Processes

Daily methane production (mL/g TS)

Methane production efficiency is high during the early stages,
it is comparatively lower during the middle and late stages;
A process combining moderate anaerobic fermentation with

43.48 mL/g TS

k

248.60 mL/g TS
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Cumulative methane production (mL/g TS)

Time (Day)

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

expected to achieve highly efficient energy recovery.

024 030 036 042 048 054 0.60
i T (%)

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

As the degree of fermentation increases, the phase points of
the digested slurry samples gradually shift away from
hemicellulose and cellulose and towards lignin;

The degree of cellulose hydrolysis is a key indicator of energy

yield. 19



3.1 Anaerobic digestion coupled with pyrolysis gasification technology

U A Comparative Analysis of Methanol Production via the Coupled Route and the Stand-alone Gasification Route

| I
| Route 1 |
| I
| u S Synthesis |
I \ 3\ u _}:Gasifiedi — distillation |
ke o i gas :
I B | R |
| DG Drying and Gasificati Reforming Green |
| Dehydration asification CO: removal methanol I
e e e e e e e e e o — — — — — — — — — — — — — — — — —— —— — 4
______________________________________ I
| Bioens
| > {Blogas; |
| Route?2 I |
| I
[ | R —— & ____________ g, Synthesis |
| \—» o —>IDigestateE — 0 — —_ IGaSIﬁedI —,: Gas I — distillation ¢ |
| T T O e T bt SR o) |
I
| DG Anaerobic Drying and . . Reforming Green
| fermentation Dehydration EEOIEAEIT CO: removal methanol J
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3.1 Anaerobic digestion coupled with pyrolysis gasification technology

-]
U Key experimental validation

Pyrolysis Sample Qualitylg

No: 100 wine lees
wine lees
wine lees
wine lees
wine lees

Steam
gasification
S:B=3 wine lees
S:B=2 wine lees

CO,
gasification
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Air
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Steam
gasification

S:B=3 digestate
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10.5204
10.0139
10.0651

Sample Qualitylg
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15
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5.1711

51.21

Tar Tar Carbon Carbon Gas Gas

time/min productiong vyield/% productiong yield/% production/¢ yield/%
1.6135 16.04 2.738 27.23 5.7052 56.73

1.9166 19.09 2.9252 27.34 5.1993 53.58

2.056 19.54 3.0318 28.82 5.4326 51.64

1.8383 18.36 3.1626 31.58 5.013 50.06

1.851 18.39 3.9007 38.75 4.3134 42.86

Tar Tar Carbon Carbon Gas Gas

time/min productiong yield/% productiong yield/% production/¢ yield/%
0.29 2.85 2.49 24.83 7.25 72.33

0.77 7.64 2.55 25.27 6.77 67.09

Tar Tar Carbon Carbon Gas Gas

time/min productiong yield/% productiong vyield/% production/¢ yield/%
0.85 8.42 2.63 26.01 6.63 65.57

0.82 8.16 2.71 26.99 6.51 64.85

0.46 4.60 2.67 26.59 6.91 68.80

Tar Tar Carbon Carbon Gas Gas

time/min productiong yield/% productiong vyield/% production/¢ yield/%
0.72 7.25 2.70 27.03 6.57 65.72
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4.0794 40.40
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3.1 Anaerobic digestion coupled with pyrolysis gasification technology
-]

U Mass flow analysis

The entire process consumes 99.38 kWh
of electricity, which requires 0.147 t of

+

The entire process consumes 116.35 kWh of .
electricity, which requires 0.17t of DG (powered P DG (powered by combustion)
by combustion) . Moisture content 60%
117t of DG Moisture content 60% Pl - g:fili':f:u:lc;n F o
01 Drying stz ey - e P FO1_dgeston| | digestate e
: .95L/g 475.0 m? conditionin 323.19 m? P C0: FOs
L 5itoliried D raw gas C02removal syngas i rgmoval 4';9.44 m?
H ' E font Of syngas
i Route 1: conversion : i Route2: S?;du ction effciency cond|tioning
efficiency | synthesize P 0.15L/g
0.0005 w'/t b | [ 14889 m3 of 148.89 m? of Comversion|
0.13 t of refined 0.16 t of crude P biogas rawgas  [reform oot
metha v F-02
L metsh: L P 0.19 t of refined 0.24 t of crude
% 0 b methanol methanol
| Other renewable energies are supplied: | ULy g e
1 tof DG=0.13 t of methanol 11=1293% | P Other renewable energies are supplied : :
On|y DG is consumed: I | 1 tof DG= 0.19 t of methanol 11=19.18% :
| - | Only DG is consumed :
e o o 7tofDG=> 013 t of methanol _ na=11.04% | 1147 t0fDG= 019t of methanol  1:=16.72% |
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 hydr ogen f r om,ahd
that the biogas reforming process significantly increases the hydrogen concentration in the synthesis gas.
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3.1 Anaerobic digestion coupled with pyrolysis gasification technology

U Cost-effectiveness comparison

Route 1 Route 2
No. Project Unit C.:O.St C.O.St
Value (Million Value (Million
USD) USD)
1 Eqmpm(.e.nt |rl1vestm.ent on Million 101.00 7119
gasification unit uUSsD
1.1 Drying system 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
15 Ash and slag removal system 0.60 0.24
1.6 Chemicalwater system Million  0.64 0.26
1.7 Water supply system usD 0.33 0.13
18 Biomass dlrect.combustlon pow 6.51 4.99
generation system
1.9 Control system 0.96 0.39
11 Auxiliary production system 0.14 0.06
1.11 Methanol synthesis system 27.87 27.87
Equipment investment on Mil lion
2 L . . 0 58.94
anaerobic digestion unit UsD
2.1 Anaerobic digestion system 0 0
2.2 Solid - liquid separation system pillion 0 0
23 Biogas storage and purification ysgp 0 0
system
2.4 Automatic control system 0 58.94

Option 1 offers greater advantages
simple system and small footprint.

due to its relatively

. Million

3 Total operating cost USD 15.19 11.45
3.1 Total amount of DG Million  0.906 12.62 0.598 8.33
3.2 Total amount of digestate tons/yr 0 0 0.156 0

. 51822

3.3 Power consumption 90000 0 1 0
3.3.1 Gasification of digestate MV\:h/y 0 0 36;101 0
3.3.2 Anaerobic digestion 0 0 15321 0
3.4 Waterconsumption Million 0.65 0.33 1.72 0.89
3.4.1 Gasification of digestate tons/vr 0 0 0.26 0
3.4.2 Anaerobic digestion ' o 0 146 0
35 Use of methanol synthesis . g5 056 2022 0.22

catalyst

3.6 Labor cost (humber of workers) person 100 1.67 120 2.01
3.7 Annual effective working time h 8000 0 8000 0

4 Total construction investment MLIJ”SI? 131.67 202.73
4.1 Building cost 15.19 40.13
4.2 Installation cost 0.00 4.71

4.3  Equipment and tool purchase cc Million 101.01 130.13
4.4 Other progct construc_tlon costs- USD 1275 2249

Land occupation

4.5 Basic reserve fund 2.79 5.29

5 Total investment Million 136.40 208.86

6 Total cost USD 27.17 29.44

7 Cost per ton of methanol uUsD 264.73 292.59

8 Total investment return rate % 19.46 11.44

Pay- k peri f |
9 ay- back period of tota year 565 766

investment
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3.1 Anaerobic digestion coupled with pyrolysis gasification technology
-]

U Carbon Footprint Analysis and Green Attribute Assurance

Project Unit Routel Route2
. 906,00
Total input ofDG (wet) Mt/Year 0 598000
Basic Moisture content oDG % 60.0 60.0
information Inputto gasification 386,80
) 156400
of process (20% moisture content) Mt Input 0
input Input toanaerobidigestion 0.0 521400
. . 99,850.
Dry weight of bie methanol Mt/Year 0 99,850.0
Electricity consumption 2139 1412
Heat consumption 0.0 0.0
Process Hydrogen 0.0 0.0
emission Fresh water t COeq/ 806.6 21408
. . Y
information Wastewater treatment ear 46.3 5384
Catalyst 500 2022
Methane diffusion/escape emission: 0 0.8
Specific process emissions 1,5668 30234

Emissions from raw material cultivan

L 0.00 0.00
or acquisition (&)

Emissions from landuse change (e 0.00 0.00

Emissions from increased soil carbo
sequestration through improved 0.00 0.00

Carb agricultural managements(g
er:irss(i):n Specific process emissiong)e g COeq/MJ 0.78 1.51
statistics Emlssmn§ frgm 'Fransportatlon and  methanol 4.83 441
distribution (&)
Fuel emissions during usea;(e 0.00 0.00
Carbon capture and geological storai 0.00 0.00
(Eccod
Carbop cgpture anql substitution 0.00 0.00
emission reduction (&)
.. CQOeq/MJ
Total emssions of methanol (E) g COeq 5.61 5.92
methanol

Fossil fuel reference value g CQeqg/MJ  94.00 94.00
GHG emission reduction rate % 94.03 93.70

Both routes achieve carbon emission reductions of over 90%,

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

and as the entire process relies
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3.2 Numerical Simulation on the

i

Coupled Processes

Precise Modelling of Fermentation and Gasification Processes Combining Classical Theory and Machine Learning

Traditional single -model approach

Theoretical o
Empirical model
model

Advantage: Wide range of Disadvantage: Limited
applications range

Disadvantage: Low accuracy Advantage: High accuracy

Theoretical models provide a framework, whilst
empirical models calculate key parameters

Complementary strengths

Modelling of Anaerobic Fermentation Processes
I 5% Improvement in Accuracy

Machine learning model

. —
s I
MACHINE q Ca|CU|atI0n

of K values
p S

ADM1 model

o - —————
—— o —

Modelling of pyrolysis gasification processes
I 8% Improvement in Accuracy

Thermodynamic
equilibrium model

P e

Machine learning model

{ Calculation
@ of T values

- - —
N o -
- T,

e e o o e e e o o e e -

—— o e o o e e o o

[ J S U u——
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3.2 Numerical Simulation on the

i

Coupled Processes

Coupled Fermentation 1 Gasification Models and Their Application in Inverse Design

Upgrading Biomass Fermentation Models

REABHRBFHE

A C ADM1
S e

CH, accumulation [mVgVS]

7 100 ﬁ)\ﬁ:—'

»»»»»»

Upgrading Gasification Models

SIIRBAR
Kﬂg ﬁ% ;gﬁ)\‘m? = Zi”f 895, #g;ajg \
A0
gg > an(T)=—s$T 1=E
~ 18 < . = o ra
b= 2 P 5
% | TR e T-ANN model - 5 * *
= 9 ‘.:-‘.’%/- y’:
3o B, ¢d¥
23 NI g BAE
0

S e

3 6 9 12 15 18
Experimental data of H, (%)

£

REAR-SHIEREE

FEaEiiE® Grey-Box Integration of Fermentation and Gasification Processes

5 B E%ﬁi
& C> BRI ey
% | RE | \EREM
leccee
X
T -
R S v
F // D1 S |
2| Lo} mams |
y, BN RERA |

TEIHA
BT

T(FTHR%)
REER-ABRSAESRE

: )

)

Temperature .
Solid

Residue

reverse design optimization

Introduction of heuristic algorithms  for

of fermentation-

gasification coupled process systems

EMERELAE-SHESTRERRS

RE&IHES

alem)os
ubisag

ZRA TR - T 2R, SaILRSREEHRMUR, TREBFM
Mt BRI RPIAERR,

System energy efficiency improved by 8.3%
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3.3 Tar Monitor and step -wised removal technology
|

Gasifier

Biomass

Microwave assisted cracking
(MAC) of heavy tar

Raw produced gas

~ . | |
| [
J
= Information of ! I '
| [ |
heavy tar and | | |
Feedback control lighttar | | |
parameter of gasifier : : :
| | [
I ’ I | Tar free
' | I syngas
| I [
/\ ' ! .
== : ! 700-300°C, MAC | <300°C, PTR I
R i Temp. gradient |« - - >
On-line tar monitor system ] o 100-1 g/Nm3, MAC I <1g/Nm3, PTR I
Tar concentration gradient r« d e ==% 4 >
. ) l Heavy tar, MAC Light tar, PTR I
I
Tar composition gradient ,« >
In-situ Raman technology is used for monitoring the main . . . . :
composition of  syngas (H2, CO, CO2, CH4, 02, N2); Microwave assisted catalt);t:c airﬁ?krl]nt% - er;Stuurcseed fgr removal the  heavy
In-situ FTIR coupled with fractional condenser is used for monitoring Photo -thermal reforming. is L?SG q forr) removal th'e Tolier  enlene
tar components;
A feedback control system is used for smart control the gasifier. whpearduwtuh zEETE @grhvenw qiure e
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3.3.1 Microwave assisted cracking of biomass tar

u Development of a high -efficiency microwave -catalysed reforming catalyst for tar removal
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(a)Col/C; (b)Co/AC microwave -assisted catalytic stability
Energy. (2024; 132126)

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

© comkmn
T~ AVANE- +.F S

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

U MOF-derived Co/C catalysts exhibit greater activity and
stability;

U Catalytic activity is higher under microwave conditions
than under conventional heating conditions.

Col/C effectively enhances the dispersion of metal sites in
the catalyst;
Microwave irradiation enhances the stability of the catalyst.
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3.3.1 Microwave assisted cracking of biomass tar

i

Mechanism of MOF -derived carbon catalysts under microwave irradiation

D—1.784.9 1yt "
AEmEER

RS LR < R

TR (kiR -

Catalytic mechanisms based on exposed sites

Competitive coordination exposes the Co metal active sites;
The exposed sites promote the reaction via chemical looping
steam reforming ;

The rate of carbon deposit gasification exceeds the rate of
carbon_deposit_formation .

S

& &% " 2 J
“ gﬁ’? gi : ¥ A SO

Preparation of a NiCo/C bimetallic catalyst by Ni doping

€
T
+
xtLL'

_— —_— _— —_— ! — _— — _—

®
A

L —— e = = = =

Schematic diagram of electron focusing in a microwave field

Microwave electromagnetic fields enhance electron

aggregation;
They intensify the dissociation of water molecules, increase
reactivity and improve resistance to carbon build -up.
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3.3.2 Photo -thermal reforming of biomass tar
|

LaMn ,Ni,_,O5 perovskites with different Mn substitutions were

synthesized by sol -gel method 100f T ] pwf® Y
............................................... 80 ; rf : e
’ 3 I ; | = 9000 ;
:  Redox property analysis 2 [a L b . I;}+ 60 - ' f £ ; -
. H — LN 0 an (m b P 2
®- : LN I» Photothermal  synergistic Effect o,
: A EPR: LM4NG has highest P g | oo ER —— g | = e T
. 3 il 8! I 8 e—e geeagocTo
: oxygen vacancy Q — | 1 20l T 3000} ) e
. o __-w.w;f.-—'\_’_;;__*__‘_____ T LM2N8 e TR : o -
concentration P g Y € |vens | ) PTR . o
. v LM6N4 [ : L . . . . C ! : : L . .
A CO-TPR: Low Mn : | L : 100 200 300 400 500 600 100 200 300 400 500 600
substitution (x = 0.2,0.4 : P HIE (°C) % (°C)
romotes thé formation)of T e a8 35w 3520 B0 360 w a0 e s | Effect of temperature on (a) carbon conversion and (b) gas
P . : WL (G) "o I generation of LM4NG6 in PTR and TR
adsorbed oxygen species Eofe “ gm} " ;@ WA e B © Cm - co, - <o
i 100 F - - 1100
. . _ 7 gty r et tes st Buty ttua st it Sennyngrate, 15000 » ARy i o
Optical property analysis 3 J\/L - J/\_F_,,g l Ao AN A D
= | i : 11 sof L | - -—
i W < | LM2NS = 2 £ 12000
. . . B | yovs ol / e s E
A UV-vis diffuse reflection o ] - b A | | W 60f 160 3 ﬂ;‘? 9000
LM4NG6 have excellent light S TN B T A wey | % loB &
absorption in 200  -800 nm . ' AN ) | & ﬁ ﬁﬁ 6000
A . feo W W0 6w s Wm0 suul 20 120 @ gggp T e et e
PL: Emission peak at 517 : 11t 00) ¥ 0) I '
nm; LM4N6 have good : _ 0f, . . . L . 10 ol
charge separation LaMngNi; 0,89 (a) EPREE, (b) CO-TPREE, (c) HQ-TPREI%: T s 1 1s 0 P
erformance f (d) HO-TPREE SBZMT () _ SR ] (h)
v P : | 24 h duration test with LM4NG6 catalysts
............................................... | - - |
LM4NG6 shows outstanding thermal and ! Light tar conversion can be higher

photic catalytic property than 95% for 24 h at 400 .



Equipment development and International Communication

— |
[

i

Tar content can be
reduced to 28.4 mg/Nm 3
by microwave cracking,
which was testified in a

gasification plant

Biomass gasification + microwave tar removal pilot plant

IEA tas k meeting in Sep. 2025
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