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Abstract: The clean disposal of rural household garbage is crucial to the environmental protection. It contributes a lot to the
development of economic and the improvement of people’s livelihood. Meanwhile, clean disposal of rural garbage is also one of the
most important tasks for building the ecological civilization and beautiful country. Under this background, the rural household
garbage should not only be reduced, but also achieve the resource utilization and energy recovery. In this paper, the production and
distribution of Chinese rural household garbage are introduced, and the conventional treating models and technologies are discussed.
Pyrolysis is an emerging technology for treating rural household garbage. A comprehensive evaluation on the pyrolysis of rural
household technology is conducted with focusing on the process control, production utilization, design of reactor, and research
frontier. Some related laws or regulations are introduced, and some demonstration plants are elaborated. Hopefully this paper can
provide some insights to the pyrolysis of rural household garbage.
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Table 1 Composition of rural household garbage in China(%)
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Table 2 Conventional pyrolysis reactor and its advantages and disadvantages
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Table 3 Optimization simulation software commonly used in waste pyrolysis technology

At URIVES e EpS
ST MSW ] 5E PRI AR SR AR AR (7]
S R 7 0 [ PR A ALY AU AL PRI AR [62]
Aspen plus TRSLHE TG A T A Oy S S g T2 AR Tk e 5 REF T B L1 [63]
S ST BRI O L A a0 LRl 53 Tl A S I 28 PRI . BB IR [64]
BT B I Ui A R R A R S B AL L ML R U BRI [65]
W AR AR SRR PRI D) R L B R L JSURMEE B N ) [66]
CFD S ST AR A A0 TR RUSE PR FA R T KNG s R B [67]
SRR AEIRE i 0 fIG SRR R & (MILD )R WAL WU TRIEE . WA . HEEE) [68]
MATLAB PRI B B 7 THE £k [69]

312 ARG EIAR  MAHEARN ik p— g
AL ) By, SEEA B A T B IR AR B 25 L B
2 i 14 Je) de A, DAL ITD SR AT MBI FE R 4R
Chen 252 Fl SWOT 43 B2 6] 76 o b [X 2 37
B AR 5 POy AT T VR R L IR K
PR 5 FA M 1) J7 1 B AT S A ) N 8 7 R A 1
Zn] DU 250k G DR ARV A ik B2 A L) o3 i AN
O PR ) L, DG 92 A 40 o A (%) YA s 3 Ik e 1) 7 2
BRI, NI FRAR T R85 e R, (2 5 3 R R AR
e B A AR g T 200 LS e T Z A

FH TR LA 0 R A B 5 R R T Bl
TR B O SR I XUAR Y. 28 48, A8 S 36 5
A8 18 o] 5 PR e L s FHRIE T 17 A UL A gt 4 DR
AR (052 M SEORE A AR MR ke T S R LR
TR (KT BN R, IR IR R e Ay o 3 FA At Je I
PEPLRE L, S TR B A T B AR D K
BRI P A B 3 7 30 B e R AN T e )
&P SN N A N D O i BT
A et s A5 2 AR A B Ak PR A 3 B 3
N A o, o SR AR UL A 7 A R RN g I A%



3762 A 0%

BT AR R G R GUR I S LI S5 e A2
e R R R P AR AR B L B SR A,
KB A T 5003 A OSBRI 231 FHK A
TS R0 I AR ) B8 SO,y NOL HE
VARG G 5 b PR A AR 3 B I A B R
BRI ¥ T T L A B T 2R SR BRI
91 L, PR i 6 S 2 BRI

A SE A R AR 3y 3 A P TR o3 T AR )
18 ) T R B2 0z e PHURASE /)N | e BT
¥ 328 i BCAR e A5 ) AL, HORT DK A B A 3 B A A
fifp 55 7 R 2R, S B B A 0 L S Ok
Ak BEWAL . FEURAL AR E R T
BB AR B AL BE R S8, RG] T “ Titdd
B+ AR S I RE BoR O — IR I 2 5%
T2 e A B i SR R AT RO T s e b
GG 2R Gt e, Im) I R B o 28 A BELS T B N T
A A A A S A JEURE A% 20 A B AR T
W) 78 03 FI R & L2 on s a8 R AR
9if ) B R L.

AR 2R S A T2 A R AV b 3 A
SIS ARG SR RN ] A — R R #
B TR A3 KR A, S 2 3 5 LR AN [ H
bR A AR B R AL T EA . B AL B,
ER G ROAREAE N In R S T 2R A% B oA
1R B AT YA M AR T e, SR AR A B A 3 B R
g SHRTIEMEIE Yy
32 fiETE

T T VAR 0 A A S A T2 PR Ak,
W IR B R eI B 5 1) 22— AR AR 3
AR I RS AR A 7, AN AN RE 8 I 3 S0 B A A
i~ AT 3 A W] DL R R 52 RS
W) (¥ B4, 328 R B R DA R s v e
H .

A AR R PV T A B B B e LK N
TR PEL MR KRE . U, ARHT LA ACR
B2 SR JsORE, LA 3 AN ] 0 oMb ] 4k 5 (2 2
%5353 ) K a-Fe,03. 0-Si0; AN Alﬁsizou)j‘ﬂ’%ﬂ(,
FUREAT T AL FAAR S50 I AE A 77 i A B2 0
SRS T 7 B BT e ) ML £E AlgSi20y5 AL T
PE I, LA IR ™ ZR D AT IE - 52.49%, Ui WAL 711
PRSI0 S 25 B s A T S e R4 A 20 RS T R T

DI R 7 AL R 5 S 4,0 Fe O fHE A HAfi
R BE AL L F A A 3 e A B I 9.26%, 1T H
AlgSi, O AL I PE 23 A #ufilt < 2248 0 19.28%.
[RJEE 3 o Ak 350 TR0 8 I 38 T AR A it o 1 285 58 . T
D TN B W4 Ay JA A A A0 500 A R T 2> A
7[R SR A g SRS 31— s 4R AR .
BRSO T 3 Fh A [ 2 8 1K) 43 1 97 4 44 771
(HZSM-5.HY DL HBeta), i 57 Hox 5 Ji 45 3% FA i
b AR IR e A R 2 BRI AR N S e 8 t
P& 1 R TS 7 3 AR AR ORI 1 7 R AR R R
29.2%53 R T4 47.0% 40.8%- 42.0%;H I~
FKi 25.1%0 BT 30.3%. 33.0%- 35.5%. [A] i
AR AT W) B3 e, 33.66MI/m’ 2714
el 67.45MI/m’ L5 1 Fr il Ayt RS i 4k 771
T T AT FRARHE o0 B TR I A R, A AR s N R 8
AT A S 78 50 T4 T 1 JAfig s s i
7 E A RS T o (i 3 K 4 Ak B ) ) 2R R AR T
AR 5T A RS 23 (A SR R I N BRAIS 1 37
e FAS I 7 2 TR e TR 4 5 B 22 IR AORRAR T2
()48t CRE A5 B IRF 1)L ARG AL 255 ) L % P Ak B
FB.

AR I T DL vy 17 3 AR ol e R S R )
() FE 1k, A T S L8y e B B G T8 BRI
JE I R VTV 5 1 495 R i A R S 3RS R R i 4
i PR AE T 0 OV T b S AR Ak PR i
S5 G RS TBURS L. M AR S 750 C I, ST
FEZLL HCl I AEAE TR h A i
W CaO. 247 Al Ni/CaO = AN [f] ()45 JE A
3R, B o B v T R AR R A A A e S B
[ A 3k BRSNS RO U E ) I LR
2:1 I Ut i, o B 2] 79.1% 83.4%F11 84.
4%. 45 A A GC—MS 3 BRI AR P i S B
LA LT BFRR A0 3 Ry 24k
AT gk 2D FAAgE ntr e 5 S TR LA, 8 5 4 ) SR
W) 5T 1R T Js, 3 RT A At o 5 v e v e i) 4%
il S 1) 2 AR R A A A AN A AT DL R
()35 Ge By & it 0] DAYk D S s i AT B AL S 1)
S 1 A S RS o o e 1 A B )
HZSM-5 Fl Co/HZSM-5 JF & A Jg AL Hg it 57 45
REHLAE COy U N PRI A T35 B 40 Tl A it
T 2 34 05 4 (PAHS) A5 S8 A0 5 P 10 A2 . N 7Y



8 31 B RE45: MEVETR R AR AL PR R 255k 3763

Tt CPEAEAR TR a2 ah 10 2 2 BAE(TEQ) Hi AR

TEAL TR 1F) 22.87 43 A B 2 15.70 F1 7.20.

x4 HIRARERELTIRELER

Table 4 Common catalysts and their catalytic effects for waste pyrolysis
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Table 5 Rural household waste pyrolysis project in China in recent years
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Table 6 Economic analysis of rural household waste pyrolysis project in China

il e RERIE A AT 1 - LN LE - H) e
5 Ab PR Imﬁfﬂj’xﬁ 1BA7 %ﬂi%ﬂ% ﬁ%%ﬁlﬂ%ﬁi P T T BUTiMH Erdguliie:l 2%
(t/d) (JiTo) (Jigt/a) (JiJt/a) (th) (a) SCHR
- Bl SEEk. TE
Rt 10 309 49.7 15.5 e 60 5 [91]
BHsh
. B SRk,
Jbat 100 5900 405 518 - 83 4 [91]
B
N N SN AMETHRE. R4
fi 400 13703 845.9 . R 113 10 92
HA R T ANIBIT Wl Al [92]
[ ASMES 10 502 69.9 25.1 4 e e 177.2 AeFFIEFIZAT  [90]
(iSRS 30 2450 107.4 81.7 194938 9 H 98 HERFIERIZAT  [90]

5 HZiRGRE

FH LT ARG BEEOR, B BRI R 35 | L e
T e Bl B HLIS AT AT 58 7006 A AR AR B Sl
TCHE AL BRI RIS RE ™ AR Rl s R
AT AT RN e A BN HY 5K, DA IR A 5 A2 DL P
T A 7 U Ak B SR A AR B AT AR A AR
7 57 3 KA AR O IR R A IE CRIR 55 37 T R A
B WA 5 s Ja R S B o S ke 3 2
KA, R AL B A B 30 BUR A TE I
XUSE Ji0) AT A T (1 v /N R I 3 A B vy o
HuA.

B2 H AAS BUAE % r 3 AR B AR A3 A7 A 48
AR S R R G Tt DA B A R by
A F A B X i A 4 TSI e, PR e vk 5 0T A
T, A 52 o A7 00 AH WG 5 F Jz I FUAL BE AR 43¢, AR
AR B I (10 RSURE P AR 7 00 1 ik o At o e
i L IF G L, AT e 2 o] DI A AR B0, i /D A1
PN AR A A B RSEAR 32 it 28 4 i i ) o 22
) 50 JFC O, AV A P T2 e 2 RV R AR 7 B TR i
(K1 IAE A BUA AT T AR AT — 5 1O N 55t 5K

i 0 HH AR AR 38 RS PR B it S R . B =i
AR HL AR AR i PR B 5. H R/ R A B A
57 39 FAR 22 AT 16) TR B P 0 DA RE DA, LR e
PERE. DAL, 7 (R R AL R T B 55 22 AR DR RS 6 T
BN, K RSP AR S i AR P 1 OB )
SRR R AR 3 o R AR AR AR R 1) e e
I RGN JLAS T < 1) FA i 4 DS M R 1K 22 DG
AR 7800 1 AR I S it b 5 39 4 1k DA K™ 4 1
T 5, Bt X PEVTRCPAL B T2, ARl R4, A
L) 58 1A $R FUAURE. 78 73 R P A B3R 1) SR
A= 0 2 R, T A A B R S S AR BB g
VSR N 1RSI o 5K .2) A S A 4 AN B A 0 A 05 A
Kb 3R R VA IR AR AR S 2. H iz S At Ak 2R
T30 AR JGR (K AR DG hRHE, — B IO BOR 22 S e — e
JEE 80T BTV LG L T B BR
3 IE— 2 T Fe DR L 5 o bR o o SR gt A AT R
Pt AR B A 0 7 A PO, IV e 2 e S
38 B AR B K e S (AT 0 1 B A 5
5 ) R R e 3 )i RS L A 0 iy I AR 2o % AU A
AT BT DN AR AS L R I TR PRy 7 SR Ak B 5
SR, LB ke 2 B B SN AT 3, 85 N i



3766

o[ F

ST
5%

s

42 %

e+ AR R R AL I RO BE %, SR R AR T
3 (R R A AL B I A 3 ] 3 Sl A B A 3 B 3 Ak
BB 6, A7 280 0T 25 28 R B A 3z 3 LA
SRR AR BE T [ e T i S 5t Rt B
S EE A B A i Ak BB, D A B A
Beih BEPL A 4 DR B

ERpds

(1

[2]

B3]

[4]

[3]

(6]

(7]

(8]

[9]

JSAE 21 00 R WY, 20 e A5 R I UL RO AR R BB A R ).
HIEELRY, 2017,45(20):16-19.

Xi B D, Liu DM, Li M X, et al. Innovative development of solid
wastes resource technology [J]. Environmental Protection, 2017,45
(20):16-19.

e N RN E T 5 Mgk 2 s B8, 2020 LR 2 @ik gt R %
[EB/OL].
jstjnj/index.html.

TR SO SR SRR AR A S AL BT (9], AT
IR, 2019,(6):6-7.

Wang J, Chen R. Study on the treatment of rural household garbage in
beautiful countryside [J]. Practical Rural Technology, 2019,(6):6-7.
ooBLE WL E BLAR RBERR DR A AR R A A
FEPUIR— THRE AT U AT (7). TR, 2018,36(10):
97-101.

https://www.mohurd.gov.cn/gongkai/fdzdgknr/sjfb/tjxx/

Jin Q, Yue B, Wang Q, et al. Present situation of production and
management of rural domestic refuse in different regions of China:
based on survey of the sampled villages and towns [J]. Environmental
Engineering, 2018,36(10):97-101.

Z PR ME a,  SOE, A FE A AR R R A BEELR (0]
E R BIRL2, 2018,38(11):4187-4197.

Li D, Chen G Y, Ma W C, et al. Characteristics and treatment status of
rural solid waste in China [J]. China Environmental Science, 2018,
38(11):4187-4197.

i Wom AL AE BN BUAL B AT WAL Sy BEACRRAE K
Jemp iz (1] BREEREE, 2017,38(7):3078-3084.

Yan Z Y, Yue B, Gao H, et al. Basic features of combustible rural
garbage component and its spatial temporal difference in China [J].
Environmental Science, 2017,38(7):3078-3084.

% ZNAET ASPEN Plus [RIFS S AR AL BRGE RS 5
[D]. BUMHFLK2, 2021.

Cai J. Simulation and Test of Pyrolysis, Gasification and Combustion
of Rural Waste Based on ASPEN Plus [D]. Hangzhou: Zhejiang
University, 2021.

T A b Sl DX AR A b XA %y 3 2 R (R0 B A AT ().
TR S I ESE, 2020,13(1):17-22.

Cheng W. Comparative analysis of physical composition and

characteristics of domestic waste in urban and rural areas of Beijing [J].

Recyclable Resources and Circular Economy, 2020,13(1):17-22.

SRR T, B ) AR AR AR AR B R 7 A S g R A
IR RAEFR A (7). A TR, 2017,33(15):1-14.

Han Z Y, Fei Y Q, Liu D, et al. Yield and physical characteristics
analysis of domestic waste in rural areas of China and its disposal
proposal [J]. Transactions of the Chinese Society of Agricultural
Engineering, 2017,33(15):1-14.

[10] fi it fit, TR AR ME N 0, 558 R IR B/ 35 1 3l Ak PELBUIR 5 BOR e 2

[11

[12

(13

[14

(15

[16

(17

(18

[19

[20

[21

]

]

]

]

]

W (7], RNIEERNE2EH], 2010,29(11):2049-2054.

He P J, Zhang C Y, Yang N, et al. Present situation and technical
treatment route of rural domestic waste treatment in China [J]. Journal
of Agro—Environment Science, 2010,29(11):2049-2054.

W I X B, 2 N AT R AR A B Ak A [7]. AR SR
£, 2020,(8):24-25.

Chang Y F, Liu M H, Li Z H. Analysis of rural garbage disposal mode
in China [J]. Energy Conservation and Environmental Protection,
2020,(8):24-25.

Wang J Y, Cao Y, Yu G P, et al. Research on application of 10T in
domestic waste treatment and disposal [C]. IEEE, 2014.

AT Y T AR R B AL B A ERIRI BT [J]. o B g
A A, 2021,39(9):99-101.

Tai X P. Technical analysis of municipal solid waste treatment,
disposal and utilization [J]. China Resources
Utilization. 2021,39(9):99-101.

SRR B R 30 A v A S A B AR R R R S AT [0, SRy
53R, 2021,(6):137-138.

Hu L F, Fang X D. Technical analysis of disposal and utilization of

Comprehensive

municipal solid waste [J]. Resource Conservation and Environmental
Protection. 2021,(6):137-138.

Li P, Wang K, Meng L, et al. An overview of municipal organic waste
disposal in China [J]. Energy, Environmental & Sustainable Ecosystem
Development, 2015.

FLodAE B BRI A A B R SR A B AR N BDIR
[7]. ML TS, 2021,(22):107-109.

Kong J, Li X, Chen Z J, et al. Current status of municipal solid waste
treatment and pyrolysis gasification technology application [J].
Modern Chemical Research, 2021,(22):107-109.

ERAL AL BT, D iR, 55 IR EORTE RN A 3% 5 3 A B v £ 157
[J]. RATAHF SR, 2021,32(17):14-16.

Qian Z Q, Liao B J, Sun Q, et al. Application of pyrolysis technology
in the treatment of rural household garbage [J]. Rural Economy and
Science Technology, 2021,32(17):14-16.

g B VA B 32, U A R RN ARV B SR A IR R H e B
[1]. HEES, 2021,39(4):54-61.

Zhang G Z, Wei L Y, Ge Y H, et al. Present situation and prospect of
domestic waste disposal in rural areas of China [J]. China Biogas,
2021,39(4):54-61.

KRG, B WL VA5 TH YA T A B I AR R AR A J I
R[] BB DA TR, 2007,(1):21-24.

Song Z W, Lv Y B, Liang Y, et al. Present situation of the development
of municipal domestic waste incineration technology [J].
Environmental Sanitation Engineering, 2007,(1):21-24.

R B B Sk iy 2B 06 B R R AL BT R N (D). FREE S R, 2020,
32(4):86-87.

Chen L L. Treatment method and application of urban domestic
garbage [J]. Huan Jing Yu Fa Zhan, 2020,32(4):86-87.

Ao i A AR B IR AR FR IR F AR JRIMRIPPA TR R (9], R
TA:THE, 2018,26(1):52-55.

He P J. Target, principle and assessment method of waste treatment in
small towns and rural area [J]. Environmental Sanitation Engineering,
2018,26(1):52-55.

[22] Fahmy T Y A, Fahmy Y, Mobarak F, et al. Biomass pyrolysis: past,



B RE45: MEVETR R AR AL PR R 255k

3767

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

[34]

[33]

[36]

371

present, and future [J]. Environment, Development and Sustainability,
2020,22(1):17-32.

Fisher T, Hajaligol M, Waymack B, et al. Pyrolysis behavior and
kinetics of biomass derived materials [J]. Journal of Analytical and
Applied Pyrolysis, 2002,62(2):331-349.

Jahirul M, Rasul M, Chowdhury A, et al. Biofuels production through
biomass pyrolysis —A technological review [J]. Energies, 2012,5(12):
4952-5001.

Bridgwater A V, Meier D, Radlein D. An overview of fast pyrolysis of
biomass [J]. Organic Geochemistry, 1999,30(12):1479-1493.
AR AR R AR AL B T AR (], B AR R,
2018,43(3):153-155.

An M. Study on pyrolysis process of municipal solid waste [J].
Environment and sustainable development, 2018,43(3):153-155.
W2 LA R ARSI R SRR (7] BRI
IRETHIR, 2019,43(3):1-5.

Cao F Z, An Q, Li J. Breakthrough of pyrolysis and gasification
technology of domestic waste [J]. Heilongjiang Environmental Journal,
2019,43(3):1-5.

S IR R B R AT R HCTL HaS WNH; (AT R HERER. (D).
PGB TR, 2019.

Xin X. Release behavior of HCI, H,S, NH; during municipal solid
waste pyrolysis process [D]. Wuhan: Wuhan Polytechnic University,
2019.

XNLLWY ML, R 11,5635 T Citespace M4 75 by S i H AR iy
ARG [0, 7 NAET, 2020,48(18):107-109.

Liu HP, Ni HT, Zhu J, et al. Analysis on the frontier trend of domestic
waste pyrolysis technology based on Citespace [J]. Guangzhou
Chemical Industry, 2020,48(18):107-109.

I 2 A R R AR N TR S R (1], SRS T
2R R, 2019,44(4):66-69.

Yuan G A. Present status and prospect of municipal solid waste
pyrolysis and gasification technology [J]. Environment and sustainable
development, 2019,44(4):66-69.

Hasan M M, Rasul M G, Khan M M K, et al. Energy recovery from
municipal solid waste using pyrolysis technology: A review on current
status and developments [J]. Renewable and Sustainable Energy
Reviews, 2021,145:111073.

Altafini C R, Wander P R, Barreto R M. Prediction of the working
parameters of a wood waste gasifier through an equilibrium model [J].
Energy Conversion and Management, 2003,44(17):2763-2777.

Leung D Y C, Yin X L, Wu C Z. A review on the development and
commercialization of biomass gasification technologies in China [J].
Renewable and Sustainable Energy Reviews, 2004,8(6):565-580.

Lv P M, Xiong Z H, Chang J, et al. An experimental study on biomass
air—steam gasification in a fluidized bed [J]. Bioresource Technology,
2004,95(1):95-101.

Beheshti S M, Ghassemi H, Shahsavan—Markadeh R. Process
simulation of biomass gasification in a bubbling fluidized bed reactor
[J]. Energy Conversion and Management, 2015,94:345-352.

Ding K, Zhong Z, Zhong D, et al. Pyrolysis of municipal solid waste
in a fluidized bed for producing valuable pyrolytic oils [J]. Clean
Technologies and Environmental Policy, 2016,18(4):1111-1121.
K, AR R AR A W) TR W LE el Y BT R
—— T AR IAR R BB W5 A RISE L [T]. KPBHBE2#R, 2000,(4):

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

333-340.
Li S Q Li AM, Yan J H, et al. Pyrolysis of the biomass wastes
pyrolysis in a rotary kiln I : influences of reaction conditions on
pyrolysis product distribution [J]. Acta Energiae Solaris Sinica, 2000,
(4):333-340.
Li S Q, Yao Q, Chi Y, et al. Pilot-scale pyrolysis of scrap tires in a
continuous rotary kiln reactor [J]. Industrial & Engineering Chemistry
Research, 2004,43(17):5133-5145.
Martos S, Mattana S, Ribas A, et al. Biochar application as a win—win
strategy to mitigate soil nitrate pollution without compromising crop
yields: a case study in a Mediterranean calcareous soil [J]. Journal of
Soils And Sediments, 2020,20(1):220-233.
Pandey D, Daverey A, Arunachalam K. Biochar: Production,
properties and emerging role as a support for enzyme immobilization
[J]. Journal of Cleaner Production, 2020,255:120267.
Gonzalez J F, Roman S, Encinar J M, et al. Pyrolysis of various
biomass residues and char utilization for the production of activated
carbons [J]. Journal of Analytical and Applied Pyrolysis, 2009,85(1/2):
134-141.
Foong S Y, Liew R K, Yang Y, et al. Valorization of biomass waste to
engineered activated biochar by microwave pyrolysis: Progress,
challenges, and future directions [J]. Chemical Engineering Journal,
2020,389:124401.
Bazargan A, Rough S L, Mckay G. Compaction of palm kernel shell
biochars for application as solid fuel [J]. Biomass & Bioenergy,
2014,70:489-497.
Zhu L, Yin S, Yin Q, et al. Biochar: A new promising catalyst support
using methanation as a probe reaction [J]. Energy Science &
Engineering, 2015,3(2):126-134.

AR IR 0, AN [ 2 BT 4 3 SRR AT Db 3 A
D). MR, 2017,50(7):76-81.
Wang J, Cai J X, Zhang K, et al. Analyses on combustion behaviors of
cellulose pyrochars of different compositions [J]. Tobacco Science and
Technology, 2017,50(7):76-81.
RPRE AT AR A A R R TR ST ().
KBHAESAR, 2018,39(7):1938-1945.
Zhu D C, Hu Q, He T, et al. Integrate quality upgrading study of
biomass through pyrolysis and densification [J]. Acta Energiae Solaris
Sinica, 2018,39(7):1938-1945.
Bennett N M, Helle S S, Duff S J B. Extraction and hydrolysis of
levoglucosan from pyrolysis oil [J].
2009,100(23):6059-6063.
Aho A, Kumar N, Erdnen K, et al. Catalytic pyrolysis of woody

Bioresource Technology,

biomass in a fluidized bed reactor: Influence of the zeolite structure [J].
Fuel, 2008,87(12):2493-2501.

Tsai W, Lee M, Chang Y. Fast pyrolysis of rice husk: Product yields
and compositions [J]. Bioresource Technology, 2007,98(1):22-28.

K B TR, /N AR S I S AR A A I R )
[7]. 85 THE, 2016,34(3):137-141.

Liu L, Zhang A Q, Wu X F, et al. Characteristics of pyrolysis liquid
from municipal solid waste under
Environmental Engineering, 2016,34(3):137-141.

THOCHHL BT B PR S AR T R R A ) T R R 1 5
W (). PR E AR RRER), 2019,44(6):1772-1780.

MaD C, Jia Y, Feng Q G, et al. Influence of municipal solid waste ash

different temperature [J].



3768 HOE

B 2%

or slag on characteristics of biomass pyrolysis oil [J]. Journal of
Guangxi University (Natural Science Edition), 2019,44(6):1772-1780.
BURBUBL A O HE AL R 25 B ST TS [D]. 1 B0 AR K,
2019.

Zhu M M. Studies on biomass catalytic pyrolysis for producing light
bio—oil [D]. Nanjing: Southeast University, 2019.

BB A2 B A AR NV A FF I OB Ay B RE 5 (D). b
SRR D), 2013,

Jia J Y. Co—pyrolysis of municipal solid waste with agricultural stalk
and separation of pyrolysis liquid [D]. Beijing: China University of
Mining and Technology—Beijing, 2013.

He M, Xiao B, Liu S, et al. Syngas production from pyrolysis of
municipal solid waste (MSW) with dolomite as downstream catalysts
[J]. Journal of Analytical and Applied Pyrolysis, 2010,87(2):181-187.
Kantarelis E, Zabaniotou A. Valorization of cotton stalks by fast
pyrolysis and fixed bed air gasification for syngas production as
precursor of second generation biofuels and sustainable agriculture [J].
Bioresource Technology, 2009,100(2):942-947.

R HER T A I PR R S A B (D] iR
DU TR, 2018.

Liu Z. Characteristics of pyrolysis gas of municipal solid waste and
preparation of synthetic gas with catalyst [D]. Wuhan: Wuhan
Polytechnic University, 2018.

M T A S AR R T AR BB S B TR AL
[D]. Abnt:H EA (R 5), 2017.

Yang D. Co—pyrolysis of municipal solid waste with agricultural and
forest residues and separation and upgrading of pyrolysis liquids [D].
Beijing: China University of Mining and Technology—Beijing, 2017.
BN B R Be B C SRR D). Kb
Molb R K2, 2018.

Hu Q. Design of a pilot-scale “double-solution” technology for
domestic waste and study on the process [D]. Changsha: Central South
University of Forestry and Technology, 2018.

£ BRI RS AT [D]. VB PR 3
R%#,2018.

Wang Y. Optimization simulation of waste pyrolysis and gasification
incinerator [D]. Shenyang: Shenyang Jianzhu University, 2018.
BB, o, A, A8 2 WU S i A B R R B
9T [J]. REBEASLORY", 2018,32(5):37-40.

Zeng Y F, Liu Q, Qiu J X, et al. Research on pyrolysis and gasification
of decentralized garbage and flue gas purification equipment [J].
Energy Environmental Protection, 2018,32(5):37-40.

HHERLE B LA m BB R AR A R R KU
FAWFSY [J]. PREE AR TFE, 2019,27(1):54-56.

Cao HZ, Deng C, Li L, et al. Application research on downdraft outlet
of ultra-high calorific value waste pyrolysis gasification [J].
Environmental Sanitation Engineering, 2019,27(1):54-56.

TRIBE TGRS . FET Aspen plus (175 57 35 AR AL B K
AL [J]. FABE TR, 2021:1-12.

Zhang T Y, Feng J X, Feng L. Simulation and orthogonal optimization
on pyrolysis and gasification of MSW based on Aspen plus [J].
Environmental Engineering, 2021:1-12.

AR 4 B DLFE, S5 JE T Aspen Plus (KR B S5 A5FT 1)
SEHR AL [7]. REIE S AL, 2020,(5):2-5.

FulY, Yu Q, MaH C, et al. Simulation of co—pyrolysis gasification of

heterogeneous garbage and straw based on Aspen Plus [J]. Energy and
Environment, 2020,(5):2-5.

I 5, 4% 52 76 R 5 SR AR R [ e M A0 RO R e ().
FEFTRESHIA, 2019,(5):1-6.

Liu Y H, Li A J, Chen G S, et al. Characteristics simulation and
process optimization on low temperature pyrolysis of garbage [J].
Applied Energy Technology, 2019,(5):1-6.

[65] Niu M, Huang Y, Jin B, et al. Simulation of syngas production from

municipal solid waste gasification in a bubbling fluidized bed using
aspen plus [J]. Industrial & Engineering Chemistry Research,
2013,52(42):14768-14775.

R WL AR TR AR SR L IR A B
L[], WRERCR, 2015,33(5):413-419.

Zhang Y, Zhai M, Zhang B, et al. Numerical simulation for the
gas—phase isothermal flow field of a biomass cyclone pyrolysis burner
[J]. Energy Conservation Technology, 2015,33(5):413-419.

T E AR RS OB RURL IR 5 U SR T 5 S il i 7
DEM-CFD ¥{E#4 [D]. R at: 4/ K2, 2020.

Wang H. Study on mixed flow characteristics of biomass and bed
material particles in fluidized bed and numerical simulation of
pyrolysis process based on DEM-CFD method [D]. Nanjing:
Southeast University, 2020.

PS5 5k 2 R BRI, 55 BT FLUENT (bR #ig S MILD ke
WS ()], SR B T RE 2 (A SR FHERR), 2021,49(2):9-16.

Liao Y F, Zhang M Y, Chen S K, et al. Study on MILD combustion of
MSW pyrolysis gas based on FLUENT [J]. Journal of South China
University of Technology (Natural Science Edition), 2021,49(2):9-16.

TFHGIGRR) AR5k R R B B S R R G o SO R ().
Tk RS A3 E, 2017,(6):37-40.

Yin H'Y, Chen G H, Zhang Q. Design and simulation of the pyrolysis
furnace temperature servo control system [J]. Industrial
Instrumentation and Automation, 2017,(6):37-40.

Chen G, Zhang R, Guo X, et al. Comparative evaluation on municipal
sewage sludge utilization processes for sustainable management in
Tibet [J]. Science of The Total Environment, 2021,765:142676.

K SR BT AR RS A IR BE ) SRR U S BB AU [D]. B
WIT Tk R, 2020.

Zhang S C. Experimental study and numerical simulation on waste
pyrolysis combined with coal combustion [D]. Hangzhou: Zhejiang
University of Technology, 2020.

TSP TR U, A A AR £ v R S T AR R A R
RIS TRER (9], PR TRE, 2019,37(5):196-199.

Huang F P, Huang Z Y, Xie Q J, et al. Application of low temperature
pyrolysis coupled high pressure plasma technology to rural domestic
waste treatment [J]. Environmental Engineering, 2019,37(5):196-199.

8 5 0 5 PO A R 55 A 3 1 R A AL B R 4 (D).
PREE T RE, 2020,38(2):135-139.

Hao Y L, Hou C L, Fu L X, et al. Engineering design of a municipal
solid waste disposal project [J]. Environmental Engineering, 2020,
38(2):135-139.

Chouhan A P S, Sarma A K. Modern heterogeneous catalysts for
biodiesel production: A comprehensive review [J]. Renewable and
Sustainable Energy Reviews, 2011,15(9):4378-4399.

IR P I A B R A B SRR T S (D], RHE REEKE,
2017.



B RE45: MEVETR R AR AL PR R 255k

3769

[76] %

(771

[78]

(791

[80]

[81]

(82]

[83]

[84]

[85]

Li D Y. Experimental research on catalytic pyrolysis of municipal solid
waste [D]. Tianjin: Tianjin University, 2017.

NS AN [R1 S 28 53 75 4 Ao R o i 2 I3 P e T
1k, 2020,28(10):75-80.
Jia S J. Study on catalytic pyrolysis of stale waste by different zeolite
catalysts [J]. Industrial Catalysis, 2020,28(10):75-80.
JAMRR M T, 0, A A BN N RS AR i B SR AR I
FeWHEB S (7], BURE L, 2020,40(9):121-125.
Zhou Z Z, Chi Y, Tang Y J, et al. Effect of calcium—based additives on

[7]. Tk

i e

emission of chlorine—containing contaminants during MSW pyrolysis
[J]. Modern Chemical Industry, 2020,40(9):121-125.

B SR TR b b 2 BR 07 R K 23 AR IR B G A T
[D]. J7H R Tl K2, 2019.

Chen S. Distribution characteristics and regulation of polycyclic
aromatic hydrocarbons in biomass pyrolysis oil [D]. Guangzhou:
Guangdong University of Technology, 2019.

Han L, Wang Q, Ma Q, et al. Influence of CaO additives on wheat—-
straw pyrolysis as determined by TG-FTIR analysis [J]. Journal of
Analytical and Applied Pyrolysis, 2010,88(2):199-206.

Veses A, Aznar M, Martinez I, et al. Catalytic pyrolysis of wood
biomass in an auger reactor using calcium-based catalysts [J].
Bioresource Technology, 2014,162:250-258.

Miskolczi N, Ates F, Borsodi N. Comparison of real waste (MSW and
MPW) pyrolysis in batch reactor over different catalysts. Part II:
Contaminants, char and pyrolysis oil properties [J]. Bioresource
Technology, 2013,144:370-379.
Mochizuki T, Atong D, Chen S, et al. Effect of SiO, pore size on
catalytic fast pyrolysis of Jatropha residues by using pyrolyzer—
GC/MS [J]. Catalysis Communications, 2013,36:1-4.
Onwudili J A, Muhammad C, Williams P T. Influence of catalyst bed
temperature and properties of zeolite catalysts on pyrolysis—catalysis
of a simulated mixed plastics sample for the production of upgraded
fuels and chemicals [J]. Journal of the Energy Institute, 2019,92(5):
1337-1347.
Wang J, Jiang J, Ding J, et al. Promoting Diels—Alder reactions to
produce bio-BTX: Co-aromatization of textile waste and plastic waste
over USY zeolite [J]. Journal of Cleaner Production, 2021,314:
127966.

/NI BESOR, ) R, 5. Fe-Mo/ZSM-5 AKX A= ) A fikt =
PAIATE I (1], AR, 2021,50(11):2549-2553.

(86

[87]

[88]

[89]

[90]

[91

[92]

EEEIT:

Zheng X F, Fan W B, Liu J, et al. Effect of Fe-Mo/ZSM-5catalyst on
the distribution of biomass pyrolysis products [J]. Contemporary
Chemical Industry, 2021,50(11):2549-2553.

M [N B AR N, 2 555 etk HZSM-5 6 2T se AL R e 1k
M [7]. RERT TS B R, 2021,(2):59-64.

Deng T H, LiJ G Li Q, et al. Effect of modified HZSM—-50n catalytic
pyrolysis characteristics of camellia nut shell [J]. Neng yuan Yan jiu
Yu Guan li, 2021,(2):59-64.

AR IR, S 4 V< SR AL TR 55 52145 23 7 075 B ) i A R
WFSE [I]. KPHBEZIR, 2021,42(11):379-386.

FuJ M, Zhong Z P, Wu W T, et al. Study on synergistic catalytic
characteristics of metal catalysts and composite molecular sieves [J].
Acta Energiae Solaris Sinica, 2021,42(11):379-386.

H) Ok, FECK, B ORI, A% A M SRR P St 55 ) PR 2 R ORI 9
HERE [J]. TR BRI, 2021,39(10):1279-1286.

Liu Z, Tian Y S, Ma D C, et al. Research progress on typical
influencing factors and technology of biomass pyrolysis [J].
Renewable Energy Resources, 2021,39(10):1279-1286.

K = S B T H AT RIT R ) B B A DR A A
[7]. TREEAMIF, 2020,5(7):192-193.

Dai D F. Main measures of optimizing engineering investment in the
feasibility study and initial establishment stage of garbage pyrolysis
project [J]. Engineering Management, 2020,5(7):192-193.

P e SR X AR B I R A PR EBTST [D]. g v
K2, 2021.

Meng D A. Study on pyrolysis incineration characteristics of township
domestic waste in plateau region [D]. Lhasa: Tibet University, 2021.
U BN B R B R SRR AT S S L Z B D)
REERHR, 2018.

Pan M H. Experimental study on the pyrolysis and gasification
characteristics of solid waste in villages and process design [D].
Tianjin: Tianjin University, 2018.

ik SRAEIE R AR EE T 2R SRR D). R
TR, 2014,

Zhang Q. Pyrolysis—gasification technology development and process
simulation analysis for MSW treatment [D].

University, 2014.

Tianjin: Tianjin

BIUEA5(1981-), 40, 0852, W 5077 il Ay ] V¢ B2 40 e A A

VIR AR S 60 F.



