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Fig.1 Combustion proces of straw bale
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Table 1  Test results of the pyrolysis gas components
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Table 2 Industrial and elemental analysis of different straw bales
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Fig.2 Pollutants of straw bale combustion



224 My TFESHR (http://www.tcsae.org)

2020 4F

3.1 PR HE

Tl AT A be b 2 o 7= AR B ROk ) 3 B 5 kL ]
PR JFAS 56 A BRI e SR IBURE . A3 AL BORL FNAS 7]
PR R A — RGVARATE BRI RN, Hoh E LUK
IRFRLA ERT . TR BURLLE B AL A% 1 Y 2 B0 43
fis RAE/NT 1.0 pm PIABRL S RE KT 1.0 em [OFH
LS AFIE—ANIEME . iR 5 CORBRI I 2 5, ML
Mo RESE K. Cl S 56, L K,S0,. KC1 %
&R A TE, Bk F EESH Ca, Sis K, S, Na,
Al, P, Fe L H, K 2 K0, K0 b2 B EFFK
TR N R 5| AR ) 5 i 2

Oser 254 H—Fh A be = Bobi g HER) 77 20, alid
WD — AL, Rk K B4l K EREm R R,
Wb K AR, RBEARBRARIRCR, SRERZ
7 AP RN HE R 5 R AT, M 160~195 Rk F
20~45 mg/mP%, FAMKHREFT AT IR KT T —
RONVIKEE VRS, 15815 H 40 B 2K 4332 1~ 38 15
10.21 mm/min, EA RUFHENRIENME, MK EY R, K
HHRIGEIK 73 R v W P (R 2R SR, e 2K 4 1 L FEL R P
BIME N 1.953x10° Q-cm, HEfK L FHTER, HFi@id—2%
IKFERR AN B B R 2, KA R ORI & R R 2
27 mg/m’PY. S FHEEBE T — R R AR T R R S
R T WERI B i HL R 2R RO IR K I R B 5 25
ARG, & T SRR T2, WA RY) & &l
FEAKE 19.8 mg/m’™. {EREFRESARE AT FEH, KA
JHARE SORFS AR e, R ASBR A 28t ] DLk 2]
BT IBRA SR .
3.2 A NOBiHE

NO, & EZ RS IT 42—, 51t RIE WA
W5, KRBT ER KA faD, FEFFRBE s 55
PR B S NO, 9 HE, S8 A B BAR
AL, IR R SRR NO, & A B RR
TR o FEFTHE e b mh b i L A A, WA AL
PO NO, /b, FELUREIR NO, A EP, 4R,
RRLES NO, HERCZ [RIIAR GO R AR FELR ML, FEAEE
EE R RN AR, BRI NO, f A A4 HON.
NH; G=1, 2, 3) EAEW, FEZWSIEENE. B
Bl FE UL R B R R BE R, it AR A
SR, NO KA NH, ZE B 2 S 615 Je ity NP6, sk
(1 Fow

NO+NH2—’N2+ HzO ( 1 )
HCN+0,0H_’N2+ H20+C02 (2>
NHi+NO_'N2+H20 (3)

WREL 53 ANBE R AR NOy HEBE i —
MARFB, FERNRIMAR 2) AKX 3D P,
I BAEEY AR AR 2 T RORIIN ], 8L 7 e
BRI 1 I BRI RNIRBIRBE X, FEV Fphe
DXREFTRRIGE ™ A2 45 R 73 BE N IR AR 8 X R A MR R Ig
S REE, RGN X (T R T
b NO, A, FEMTGURRIX IE 261, iR AR
TS S BE MR 4 B I 18], BRBE IR ) NO, AT LA

EJEN Ny, 905 05 S I & Y PR — IR R = LA S 3 5
Bk RS, 515 NO, HEBOK BT ¥ E T 9 b 2
36.09 mg/m’™*", Carroll %5l ik 25 i M ik 56 % 1,
FEfl— I R RS S REON 0.8, WGk N 900°C
B, A NOLHESEA 7T LA 30%, Ui KIHSAEY)
R IS R ], FTRES(E NOL IHRSC R B L. B
TAGIRIREARSL, v R RRIR IR R . 2SS AL
FI 2, IEERBEIR RN, T R NOL HER,
3.3 MRS CORHE

CO JEREFHRBE A2 o S AL =W i) 32 B2 B 5y
HEBES R CO & &id mR AR b FE A e 4, R
FRERL, FRNESSEWEAPEmEEd s, B
Bi5 4.

FFEBUFLE 1995 4EE 2002 FEAIE & T AEMIRE
NG I 8 A SR e, RS AT AR Pe R R IS BUR K e
CO HERCEM 1995 £/ 6 250 mg/m’® F&ZE 2017 £
400 mg/m’ LT, Bl M 75% 48 5 2 87% . Erik
T I T AR e e R R LG A A, R B I PE R
82 N 0B 2 DA B M0t e S I B R S it T
PABEAR CO HEL, M #R ™, Mateus F|F CFD
SRR BRI I IR RGEEAT T 25k thAl, ih T Sefif
AT 10O ) R, S — R AR T 4 R 4y 5
ST ARG, BEINAE R A AT B TA), 3 s RS AT
RBRRCR, WRIGEE R, TR b Semif i —ik
A T LRI CO HEZ) 3 408 mg/m®, ELA 5T
IHERCREST, Mladenovié 250 A& 1 B KRB AT HR BB 7,
TE I B ML I T8 ) RSB 4 3R AT IR A T AR e, X I

SR AE R A FUREE I CO TRUCEI AFIPIE 47
o, SEBUBAN HREE, WO CO HERURRBCIR L Ny
56 mg/m’ 4,

4 FEFHEBERARLE

MRYE GERR R 2 T2k, B RS FH bt R 2
A2 M, —RESAXIBHEAR, T PASLEUR RIS IR %
SRUbRL. EEREIK, YERFREE N — MR E MRFRIRE,
PP B B SR RN, AR T R R AR, &SRR
T AR O AR FP A X3 5 — P e Atk gt R 2L A A A4
Reslr, R = N RS AR ORE 42 B8 e 52 J 7 0Tk
BRI T, PR R AR S AN, B
ATERAERIFE (8, 0 H T /N ERENL .

4.1 EEERIRA
4.1.1 Cigar R L RAAFMBERR

Cigar BUE AR Fe8m ) i T H8be 77 05 T im0,
AR “Cigar” BB RS, #RKEUON R RE & F5
TR i — R AR ERY, 5 A A kb 7 KA R A2
Cigar BUPRIE ST A0 RS FHIH 0 i T BT 05 R E, LR G
Kl 3 Fow, ikl sk S AL R, RS R )
WRIGE 73 N IREL FRbe . 3R ke FEFT R B AR
SRy B0, AR AT A RN A — YRR R AE SR R
RBL, 7= A [ Fva a8 i+ 5 0 X E BRIee ) A R e
Fih, SCEUREFT IR AT . 35 R 4T DL R AR IR



% 16 3 PUH 755 AT BE SR S HEBUR P WF 7C it i 225

BesEId e, MABESE R AR SR> BB 8, fE4E
H o3 AR TR % X SE B K RIIRIR . AEIOR SR Bl 46 =
RSEEUREFF R (K 58 A i e, i 280K BIRE AT 70 44T 1y
AL o

AE

AVANAY

B3 Cigar RS BFRREERRETER

Fig.3 Diagram of straw bale combustion in Cigar burners
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Fig.5 Diagram of forward burning straw bale combustion
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Research advance in straw bale combustion and emission characteristics

Jia Jixiu', Zhao Lixin', Yao Zonglu'™, Huo Lili', Deng Yun', Yang Wuying?’, Liu Guanghua®
( 1.Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 2. Tieling Zhongyuan Environmental Protection & Equipment Co., Ltd, Shenyang 112000, China; 3.Chendge Bente Ecology &
Energy Technology Co. Ltd, Chengde 067000, China)

Abstract: Technology of straw bale combustion is one of the effective ways to realize the clean utilization of agricultural
residue, which has caused widespread concern. In this paper, the latest research progress of straw bale combustion was
reviewed, the reaction principle and combustion characteristics of straw bale combustion were described, the generation and
emission of particulate matter in the process of straw bale combustion were analyzed, such as NO,, CO and particle. And the
research of straw bale combustion types, principles and characteristics were systematically summarized. Researchs showed
that the combustion process of straw bale is mainly divided into two stages: volatile combustion and straw charcoal
combustion. The heat released by volatile combustion accounted for more than 67% of the heat in the whole combustion
process, which affected the combustion state of the whole straw bale.According to the technical characteristics and heating
scale, we divided straw bale combustion into two types, one was continuous bale combustion, which can realize continuous
feeding and ash cleaning in the combustion process, maintain a stable combustion state in the combustion chamber, and was
suitable for the central heating area with large heating area, that mainly included cigar-bale combustion and reciprocating grate
combustion. The other was batch combustion technology, which had advantages in small floor area, simple and convenient
operation, usually used for small heating mechanism, and it included forward combustion technology and reverse combustion
technology. Based on the global literature search, the research hotspot, institutions and development trend of straw bale
combustion were analyzed. The running cost of straw baled heating was evaluated. It was found that the straw bale combustion
has the characteristics of simple heating process and low operation cost. The operation cost was 19.8 yuan/m’, which was
suitable for the industrialization promotion of clean heating in villages and towns. In addition, straw baled heating instead of
coal heating can reduce the emission of SO, by 0.38 kg per square meter and the emission of CO, by 1.54 kg per year, which
has a better benefit of environmental protection. In terms of technology popularization, the industrial system of straw bale
combustion in developed countries in Europe is relatively mature, by contrast, the industrial system of straw bale combustion
in China is still in the early stage, there are also some large-scale straw bale combustion projects in Liaoning province,
Heilongjiang province, Hebei province and other areas, which have achieved good results. Straw bale combustion technology
had gradually attracted the attention of scientific researchers. Developed countries in Europe had made some progress in the
field of straw bale combustion, such as combustion mechanism, boiler structure, reduction of flue gas emission, etc. And at
present, the research of combustion technology focuse on flue gas emission reduction and environmental impact assessment.
The existing straw bale combustion technology still has some problems, such as insufficient combustion, unclear generation
mechanism of flue gas pollutants, higher NO, and particle emission. It is suggested that we should pay more attention on
research of characteristics of pollutant emission, and it is encouraged to reduce the generation of flue gas pollutants from the
source.

Keywords: straw; bales combustion; emissions; technology types; economic benefits
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