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l. Background

Carbon net zero emission

R 3 q

“China will enhance national independent
contribution, adopt more effective policies
and measures, strive to reach the peak of
carbon dioxide emissions by 2030, and strive
to achieve carbon nevutrality by 2060.”

“By 2030, China's carbon dioxide emissions 2 DECEMOER 2020 SUSO0EY [ 00 T

per unit of GDP will drop by more than 65% BHI|'[{[4:|'\{11I]
compared with 2005. Non fossil energy will B[I'|!(1pL.%7/]

account for about 25% of primary energy
consumption.”




l. Background

Clean energy shortage vs. Renewable biomass energy

Primary energy consumption by energy source, world
quadrillion British thermal units

300 petroleum
history: projections and other

liguids?

250 renewables

200 natural gas
coal
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2010 2020 20I30 20I4O 20I50
(IEA report, 2021 )

« In 2020, China's total carbon emissions were 11.3 billion tons, including 9.9
billion tons in the energy sector, accounting for 88%;

- Biomass is a renewable energy resource, which can be converted into any
form of fuel, including solid, liquid and gas. Its inedibility, relatively rapid
growth ability and abundant availability make it a potential energy source
for sustainable energy production.



l. Background

Large amount of biomass/wastes are currently still not be well used and
even treated in rural area.

|
Municipal Solid Waste : Agricultural & forest residues

Industrial Solid Waste

1
|
1
| |
1 1
| |
1 1
| |
1 1
| |
1 1
| |
1 1
| |
1 1
| |
I 1
: : Vinasse
| 2
1 1
2.35 billion tons in 2020 ! 3.04 billion tons in 2020 : 0.65 billion tons in 2020
| |
Undisposed : :
Others 0.2% : :
w s s
i plateria i Utilization
! M Treatment  S53.4%
E E 23.5%
| |
1 1
| |
l !
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(China Statistical Yearbook, 2020



l. Background

Classifications and characteristics of typical biomass in China

[ Bio-wastes ]
e~ T TSNS —y =X TS S ) SN e R G ). F el e T N SR —
Food/industrial Municipal Agricultural& Sewage
Waste Waste forest residue sludge

Others 2.5% Undisposed 2.3%

« High Moisture Content

« High organic matter content

 Rich in nutrients

« Heavy metals and other
polluting risk

Landfill

« Biomass is huge in total, diverse in variety, complex in nature, and has
great potential for resource utilization.



l. Background

Anoxic
Environment

Diagram of technologies and products under Temperature-pressure response
.



l. Background

Gasification is a re-growing interest in
China

---Demand of gas is continuously growing

Gas shortage of 50% annually

Clean heating growing

Biomass/
wastes

Growing carbon reduction gasification

in industrial sector for
metallurgy and steel
making

A promising solution of
treating and utilizing wastes
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2.1 Gasification for fuel gas productlon
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gasifier Pretreatment of anaerobic
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Gasification
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2.2 Gasification for fuel production (bio-ethanol)

Bio-ethanol - g ko
[ =)
bw=
Gasoline/diesel . -
Blomass Pyrolysis/Gasification . /bio-jet fuel
Fermentation
Fischer-Tropsch Evaluation simulation and system
process reverse design
Syngas (H,/CO=3, 1.5-2m?3)

100% 100% € The maximum output of

bioethanol per ton of

| = biomass raw materials is
80% 054 tonS;

€ The cost per ton is less than
67%
EEITE  coo0yar
residue
5% I Bacterial
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2.3 Gasification for poly-generation

O Combined heat and power O Biofuels, heat and power
0 SNG, heat and power O Hydrogen and heat
Q Others

Biomass rieating

g ‘
» ~— —

1

Cooking

gasifier

Residual Tor biochar

1

- - 3
| Wood vinegar Wood tar Emulsified tar BCFs

J
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2.4 Gasification for carbon-based products

Burning
carbon
Barbecue
carbon bar

Biochar
fertilizer

Activated
carbon
/7 sorbents

,l
______ / Carbon

electrode

13



IV.

Contents

Background

Gasification development in China

Actual demonstrations in China

Future perspectives

Gasification in TJU and TJUC

14



3.0 General Information

Q In total, 84 biomass gasification plants are running in China, and

more than 20 plants are under construction presently
Representative gasification plants in China

D e R =

Jingmen, Hubei Debo Bio-energy
technology., Ltd.

2 Anji, Zhejiang Debo Bio-energy
technology., Ltd.

3 Heze, Shandong Baichuan
Tongchuang Energy.,
Ltd.

4 Jingning, Zhejiang Litian Environmental

technology., Ltd

Rice husk gasification coupled with coal
combustion for power generation (10.8 MW).
CFB with the feedstock of 8 t/h.

Bio-char is utilized as a fertilizer.

Bamboo gasification for poly-generation of
steam and bio-char.

CFB (7 t/h) + steam boiler (10 t/h).

Char is sold for production of activated carbon.

Chinese medical residue (as received, 150
t/d) gasification producing heat and steam.
CFB (10 t/h) + combustion of syngas + heat
recovery boiler

The steam and heat are recycled to medicine
production process.

MSW gasification

Four Fixed bed gasifiers (200 t/d in total)
Gasified gas is combusted and clean treatment
of MSW is achieved.

15



3.1 Traditional gasification

3.1.1 Coal-fired power generation coupled with biomass gasification

Circulating Heat
Turbogenerator
' Chimney
|

fluidized bed gasifier _ €Xchanger 'Dagw

m—— l
) ) — Coal
Biomass silo @’—&]

* Ash discharge

Utility boiler

RRC S

» The coupling efficiency reaches

40%; | Location :

1 . . 1

> Reduce coal-fired power : H?fe" Anhu[ :

. ,  Province in China

generation duration; gttty tealegtieg el
Scale

> Redundant load can be more

' Biomass treating |
effective. i :

capability 30 t/h




3.1 Traditional gasification

3.1.2 Biomass gasification for co-generation of electricity & bio-char

Cooling = Electrical Tar = Burner & power
tower Precipitator generation

{ L

: | : Location !
7 g AR # + Yingshang, Anhui !
(4 ".' ? [ y , 4 3 . . .

(LT g in = |, Province in China

i e X LYY eI

Updraft fixed Cyclone Dust

Char/Carbon
product

Products
Initial Tar yield: 3-4
g/Nm3
Char yield: 40 t/d

capability 150 t/d

. Rice husk treating

17



3.2 Gasification of industrial bio-wastes

3.2.1 Gasification of Chinese herb/medicine residue

______________________________________ ' gasification
- Pretreatment system  sjlo system

i generation system

__Drying ' !

oE e B O o e

I st — A

The gasification & combustion The crushing & dring
sections sections

: Location
. Heze, Shandong
. Province in China

e o o e e o e e e e e e e

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

i Sale T
' Herb residue treating
t capability 250 t/d1s



3.2 Gasification of industrial bio-wastes

: Location i
. Maotai, Guizhou
. Province in China

————————————————————

3.2.2 GaS|f|cat|on of brewing waste

.h > ‘
gm,.v,s.ﬁs-qal _

i Distiller's grains
' treating capability 110 Kt/a
' Biogas residue yield: 22500

t/a -

Effect expectation:

> Potential energy of biogas
residue: 4.37*108 MJ;

> Potential energy of gas:
3.02*108 MJ.

iogas residue Aqueous phase
gasification reforming

19



3.2 Gasification of industrial wastes

: Location i
i Zhenjiang, Jiangsu !
i Province in China !

3.2.3 Gasification of solid waste slurry

First reaction zone

C+0,->C0, L L e T
2C+0,>2C0
VM+0,->C0,+H,0

Second reaction zone I_treatlng capability 150 kt/a

C+C0,>2C0 [ nn Db

O o Feedstock
+H,0>CO+H, v hazardous waste mixture
CO+H,0->C0,+H,

1
1
1
1
v bituminous coal :
:
1
1

v' organic industrial
wastewater

|
|
|
|
Scheme I
output |
|
‘ iy Quallf'ed Compatibility q Production [
Different : scheme system [

hazardous waste Analyzing 20



3.3 Gasification of municipal solid waste

3.3.1 Traditional direct gasification of MSW

Screening Pre- Gasification Purification -
— ' Syngas ‘ Emission
m Manual e monitoring

sorting

: Location |
. Jingning, Zhejiang !
. Province in China

————————————————————

: Feedstock :
. MSW with moisture
E below 30 wt.% (raw), |
i the content of |
| Inorganics is E
' reduced by manual
! sorting !




3.3 Gasification of municipal solid waste

3.3.2 Gasification of MSW and energy feedback for pre-treatment of MSW

Compressmn Purification
Raw Gas'f'cat'on Direct ‘ Power
waste S combustion generation
orting Drylng

Recycling of gas waste heat

Inorganic purification §} _________ _ __________
Location
Shexian, Hebei

Province in China

————————————————————

3= Feedstock |

- . MSW with moisture !

| ';‘, : 60 wt.% (raw) !
“ !} Scale :
MSW treating capability
60 t/d :



3.3 Gasification of municipal solid waste

3.3.3 Hig

h-temperature gasification of MSW

Gasifier

chilling |

& '.. ‘_‘(.;,‘—'.'-'-T‘;;"T’m 5
o EE e
: "'"——' .
) Magnetic
| separation

Slag
metal

: Location :
| Fangshan, !
. Beijing in China

:, Products
: hydrogen

MSW disposal treating
2 t/d



3.4 Mobile/small-scale waste gasification

3.4.1 Fixed small-scale gasification-combustion of rural garbage

Domestic - q Pyrolysis- Emission
m gasification purification monitoring

1

I
|
|
|
|
|
|
. Self control system




3.4 Mobile/small-scale waste gasification

Location 1" ! Location -Scale ! Location 1
Maduo, Qinghal { + | Gangcha, anghal ¥ I'anghal Province, ¥ !
' Province in China || > t/di . Province in China 1, 10t/ H China 13-5 t/d,

| Location E:Scalei : Location -Scale. . Location i: Scale |
. Zaduo, Qinghai ! ' | Boxing, Shandong /d , Qinghai Province, : 3. 5t/d'
. Province in China !} 120 t/di . Province in China '10 Y ti____China e _25_

e R e
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4.1 Biomass gasification with CCS

L 22 i == - S ———
| Purified gas (N,) | ' Cooler i Absorption (HCO Bioconversion)
| i : : €O, : toxver Microalgae e > —
| (L 'Mixer . | < e | gae o0, o :
| , Mixer |, !
EAbsorptlo.". Cooler E Cooler ] Desorption |
| tower | , tower E .....
| | : ' eenaoanant
| SN \Ventilation Heat] :
| ..ﬂ.. : exchanger : !
(o0 @ : | :
| : : :
! SN ; CO, chemical absorption coupled with
biotransformation technology
sy Aldehydes
AP ke
Electricity _ " el ‘ Hydrochloric \ /

Syngas

Chemical Looping

co,

Sequestration

Chemical looping gasification technology 27



4.2 Biomass to hydrogen

Bio-oil (acetic acid) catalytic Bio-waste gasification-tar
reforming for H, production reforming for H, production

€
? Nup-ALO, Nue-AlLQO, q

Agricultural residues  Garden waste Plastic waste Food waste

i

— m— T T T
— — Tar VRN

2
i EL-

O~ S
e -

wh
Steam . Photo-thermal steam reforming
5 Derivative
; 58/
- /
==\ Ho OH

!% L]

Plasma Photoelectrochemical conversion
_ . Modification
3 | meao, Bio-char ‘ ‘ )
E o R E NiBALO, o [ Metal ¢
&8 i Gasification for hydrogen loading
E £ . . . . go
- N ) 2 | nieao, | production Gas separation with modified char
el A~
e — R R T
oy (5013 = Illm Kln uln 4!;0 Sllll ﬁllll T\‘NI w00 o0
Rinding energy (2V) “Temperature {T)

Hydrogen with high purity

uonesauaduod ybiy yyum usaboipAH



4.3 Bio-char applied in steel industry for carbon reduction

Waste heat
| —
Preheat&
Biomass — Steelmaking
Gasifier furnace
H Syngas
Bio-char
Coal

« Bio-char obtained from biomass gasification/pyrolysis can be
utilized in steel industry to partially replace coal.

« The waste heat from steel industry can be recycled and
provides heat for bio-char production.

29



4.4 Poly-generation of H, and carbon based fertilizer

/——-.—‘ .
>LH2)

A
4 -

Adsorption /:
reforming i

Mild
gasification

Tar removal

|

b Control of nutrient
Vegetables elements Ca rbop .based
waste fertilizer

« Smart control of the gasification degree to achieve the balance
between energy elements (C/H/O) and nutrients elements
(K/N/P) during gasification.

« New efficient method to remove tar and converts it into hydrogen.zo



4.5 Gasification of landfill excavation waste

Treatment of stale waste based on pyrolysis and gasification technology

Loose soil with more pores,
large SSA and rich in nutrients &

\

Land greening, planting
and cultivation

Chlorine pollution release (Mature technology)

Heavy metal enrichment
High management cost
Poor economy

Combustible components Burn Gasification

| v/ T

Safe and simple pollutant control
Low water content High feasibility of full components

(< 20%)
High calorific value
(> 15MJ/kg)

Stale waste

31



4.6 On-line measurement of gasification tar

. Biomass syngas
Biomass yng

gasification —

Main pipeline

Analysis

Branch for
analysis

Parameter control and

g t A I
adjustion of gasification Raman:results of tar

components

Probe of g
Raman Collimating
lens
In-situ tarry
syngas

Raster

Collecting
lens

Scheme of on-line optical measurement of tar



4.7 Small-scale gasification

Small-scale gasification plant in village

m Dry GaS|f|cat|on Direct Purification Power
' ' waste combustion ‘ generation

Sorting
It is urgently needed to develop small-scale gasification especially in

village due to the limitation of collection and transportation of

feedstock.
« The cost of gas cleaning is high which lowers the quality of syngas

and limits the application.

33



4.8 Advanced design of gasification

Conventional design

Aware of scale

Reverse design

Overall investigation
of the demand

Manufacture of the
standard equipment

\ 4
Already fixed
gasifier

Adjust in a small scale

\ 4

Adjust the running
conditions to meet the
requirement

Bridge the demand to
the design parameters

Directly design
based on the
demand

\ 4

Running conditions are
well matching the design

Reverse design makes the
gasification always run in

expected conditions

34
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5.1 New-type clean gasification for mutiple biowaste

Secondary gasification technology for tar and other by-products

S O N NS NN S DS EE S B D BN D BN N NN S N E S

!

G BN S G N N SN S S SN N S N S B N O e S e S e .

]
i !
I n
| [
I n
’ Stepped fermenters
< | ‘_ . 3] epped rermenters |
' Condénser — Dlgestat' i X 30 1 u
: % L 5 l
| i e A !
| ~ & slurry | 1 . ﬂ
! I AN ﬁthdenser 1 i ' :
| . TCataIytlc - | | ! n
i : T gasifier == l , ;
' Gasification T cmall amunt ofl sl 1 '» Compression 5
| . 1" mall amount o ma ! - .
: residue N _FH B residue amount of :? separator :
: Gasification tar :'[ tar 'j ,
B e o Sl i i B Cie. ot A i R e o e P S [P —————— N i e ol O el e .4’
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5.2 Innovative design of gasification: Reverse design

Reverse design
method flow

Step1.
Define user needs

demand demand requirements needs

o - - ——

Variable [ Energy ] [ Product ] [Pollution control] :
|
1

—— o R R e R M M R RS M R R R R M R R R R R R M R R EE R Em e e Em e e

Step2.

Combining theoretical
derivation and
empirical modeling to
construct a network
of parameter
mapping relations

Step3.

Heuristic algorithm
combined with fuzzy
control theory to
form optimal
solutions

/, Q
Thermodynamic Artificial neural Deep neural Long and short-term
equilibrium model network model network model memory network model

|
I
I
|
I
I
I
|
I
[

1

1

1

1

Gasification steady Gasification |
1

1

/

state model dynamic model
\ Establishing a network of parameter mapping relationships ,
S -
Expected Future Control
design goals Targets
- mmmEmEmEmE_—_—_—_—_——_—_—_——_——_—_—_—————— N - mmmmm_m_—_—_—_e—ee_e—_—_—_——————— ~

Fuzzy control method

¢
Heuristic
algorithms
Inverse
process
design
[ CIustgr ] ' I Fuzzy predictive control
analysis preference
7/ N 7/

Biomass solid waste gasification process reverse design and control scheme

Inverse
process
control

- —— —
7

N o e e -
o —
e e e o e - o -
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5.3 Bio-thermal coupling technology

CH,
= = Cellulose co . / 6
. Lignin ¢ A
e A o Gasification  Tar
el . 5 Uncontrollable &k efficiency content
=L Hemicellulose H, ~70% 5~10Wt%

Controlled degree of biomass pretreatment
Effective depolymerization of biomass supramolecules

W&\? co ¢

) !
iy S A
W Gasification  Tar
M‘Controllable k\ : efficiency content
\ ' HZ | ~82% NZWt%/
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5.3 Bio-thermal coupling technology

Heating Value Fuel gas
Morphology structure (MJ/Nm3) efficiency (%)
Traditional <6 ~ 65
gasification
Anaerobic ' 0.27m?3 20.80 4577
Digestion " biogas
0.66kg
AD for 28d
i 6.83 85.03
t;:c%unrz)lllggy p 0:2m"
0.69kg 1092
AD for 14d

The total fuel gas production efficiency reaches 85%
39



Research Team

Guanyi Chen Vice president and professor of Tianjin

University of Commerce

@ Distinguished professors of Changjiang Scholars, leading talents of
the 10000 person plan, and leading talents of ecological and
environmental protection

4 National outstanding scientific and technological workers enjoy the
special government allowance of the State Council

® Baosteel excellent teachers and the first batch of Tianjin outstanding
talents

He is mainly engaged in research on biomass waste energy conversion. He presided over key
projects of the National Natural Science Foundation, projects/topics of the Ministry of science and
technology, EU projects, etc. Now he is a member of the overall expert group of the key special
project of the national key R & D plan "technological innovation in green livable villages and
towns” , the convener of the biomass gas environment and safety group of TC 255 Committee of
ISO international organization for standardization, the director of Tianjin Key Laboratory of biomass
waste utilization, and the president of Tianjin Institute of sustainable development.

Beibei Yan Professor of Tianjin University

€ Winner of National Science Fund for Outstanding Young Scholars

€ Winner of Tianjin Youth Science and Technology Award and Tianjin outstanding youth
fund

Young leading talents and young scientific and technological talents in Tianjin
Secretary of the Council of national solid waste energy industry technology innovation
strategic alliance

*
*
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Research Team

Members of Tianjin University Member of Tianjin University of Commerce
A B
Yingjin Song Zhanjun Cheng Fawei Lin JunyuTao YunanSun Lan Mu

associate professor associate professor associate professor lecturer lecturer lecturer

Member of Tibet University

>
- )/

. [\ —
Ning Li Xiaogiang Cui ~ Jian Li ~ Shengquan Zhou  Xuebin Lv Zeng Dan
associate professor associate professor postdoctor postdoctor professor professor
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Research Team

Academic achievement: more than 450 papers; 41 patents (including
Japan, USA, Australia patents); 6 software registrations; 1 international
standard and 9 books.
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