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Coupling regulation of multi-parameters on heat recovery
from greenhouse waste composting

LI Chenhao,HU Yixin, WANG Hao,XIAO Jinxin,SONG Lei,MIAO Lili, LI Jianming
(College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Maximizing the use of renewable energy and reducing regulation costs are the basis for efficient
greenhouse heating from biomass composting and the core of sustainable development of greenhouse production. In
this study, wheat straw was used as raw material and cow dung as auxiliary material, and initial material bulk den-
sity (BD), carbon nitrogen ratio (C/N) and moisture content (MC) were taken as research factors. The response
surface methodology was employed to examine the advantages of interaction among factors. The composting evalua-
tion targets were the heat rate, heat production rate, heat energy conversion rate and total organic carbon degrada-
tion rate. Based on the TOPSIS method, a comprehensive evaluation system was established. The entropy weight
method was used to reasonably determine the weight of each index, and the response model of biomass composting
heat generation under multi-factor coupling was constructed, and the comprehensive effect of carbon, nitrogen and
water multi-factor coupling on biomass fermentation heat brewing was analyzed. The results showed that when other
factors were at the intermediate level, the comprehensive score showed a nearly linear relationship with the increase
of C/N, and convex quadratic curve relationships with the increase of BD and MC. BD, MC and C/N synergistical-
ly affected the comprehensive composting process. When BD, C/N and MC are 0.05~0.07 g + em™, 38.30 ~
38.40, 52.94% ~59.83%, respectively, the comprehensive evaluation value had an optimal interval. The optimal

scheme of the obtained compositing factors was applied in winter, the nighttime temperature increased by 0.94 ~
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1.50°C in the large-span asymmetric plastic greenhouse in Yan’ an area.

Keywords: biomass heat generation; aerobic composting; multifactor coupling; integrated composting heat

generation model ; greenhouse
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Table 1 Basic properties of composting materials

JkH Bk A ST BB BA TN
Material MC/ % C/N TOC/(g - kg™') /(g - kg™")
He
B 64.34£0.50 20.00+0.82 245.73+2.57 19.97+1.36
Cow manure

IERFE 5 0140.03

67.22+0.80 452.67+£3.76  6.73+0.10
Wheat straw
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1. Reaction chamber; 2. Ventilation pipe; 3. Exhaust pipe;
4. Sieve plate; 5. Air pump; 6. Thermal insulation material
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Fig.1 Ilustration of composting device
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4. Composting material ; 5. Composting tunnel; 6. Air pump
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Fig.2  Structure of greenhouse and composting tunnel

F2 HBRAE
Table 2 Experiment plan

T i %7 BD WAL C/N FIKFEMC

reatment
T1 1(0.13) 1(35) 1(64%)
T2 1(0.13) -1(25) 1(64%)
T3 1(0.13) 1(35) -1(46%)
T10 1(0.13) -1(25) -1(46%)
TS -1(0.07) 1(35) 1(64%)
T6 -1(0.07) -1(25) 1(64%)
T7 -1(0.07) 1(35) -1(46%)
T8 -1(0.07) -1(25) -1(46%)
T9 -1.6818(0.05) 0(30) 0(55%)
T4 1.6818(0.15) 0(30) 0(55%)
T11 0(0.10) 0(30) -1.6818(40%)
T12 0(0.10) 0(30) 1.6818(70% )
T13 0(0.10) —-1.6818(21.59) 0(55%)
T14 0(0.10) 1.6818(38.41) 0(55%)
T15 0(0.10) 0(30) 0(55%)
T16 0(0.10) 0(30) 0(55%)
T17 0(0.10) 0(30) 0(55%)
T18 0(0.10) 0(30) 0(55%)
T19 0(0.10) 0(30) 0(55%)
T20 0(0.10) 0(30) 0(55%)
T21 0(0.10) 0(30) 0(55%)
T22 0(0.10) 0(30) 0(55%)
T23 0(0.10) 0(30) 0(55%)

TE R B 45 R R G AEL, 45 5 BN D 45 Ak BB IR 3R
{E; AEAMI N g - em™

Note: The data in the table are the coded and actual values of each
factor; the number before the preceding parentheses is the coded value,
and the number inside the double parentheses is the actual value; the unit

of bulk density (BD) is g - cm™.

W TERBERE 0.7 .14 .30 d HHHE, [R]E7E
YR b T 3 ERACRAESERE 100 g, T IEASE
PEREI 30T . BRI AR S ok 2 0y, 1 AR P
DE YRR K 1y T B 2t 100 H i, HF
SRR S B o FE SO A% P BRI 0.20,0.35
0.50 m {2 B AL b R 3 A5, DL A N TR M
0.5.1.0. 1.5 m b7 B R 1 3 3k, DL = <
T 25 SRR LA S HEAR TR

TR N FHEAER B T 2020 4F 12 H—2021 4E 2
HAERE VG FE 2 (109°48'E,36°60' N ) #E4T , KA1 K}
F/NEFRERFRIAFE (R 1) LR FY AT 20 t,
WA i 0 r 15 5 7 R E 1T R R RS B
4 (BD.C/N I MC) , ARG 5 & T KB N
AU R T (AN I A= i 300 ) o R FH i il [
OB EXER 017 L - L7 - min™' , ANEIHE, DL
BER 10 00 ({RIE B IF) = 15 : 00—16 : 00 ({4
TR T ) S R B ) B, G A% B[R] Sy 282 [ B B
B T A3 KU (] B AN E R R A1 TR N
FIAL T2 LIRS, LA A SR R 2R % 25 P TS 5
Wi, a0 ) ] B AL B R Ak B RIRAT i
iy —8, TRE AL O I BHE0.5.1.0,
1.5 m A0 E IR Sk, W == SR
1.3 MEIEERTE

FK R 105°C HEF3E 2 5 B HLIK & &
(Total organic carbon,TOC) 2K & H: TOC-L &4 HL
AT, SR AN R EYIAR T AR
PREREE IR (PDE-KI) W I R85 4 R A0 2 A
MR, TR AL RN ARG X S O
30 min A A [B] (8] B R 48 IF6f 47 Shcde . I R R
-30~70°C , #EWEE+0.5°C , 43 HER 0.1°C ; 1B 5 2
0~99% ,MEWIEE£3% , 7P HFF 1%, R LR ZHER
HEI ) 34970A R R AR 7 W0 M RHR B R E T
RIPER (A R TR RSk | LA 30 min SR Ji) &) B R 4
IEAEFEEH
1.4 HIELESSH
1.41 REHHE7F ETar AR F IR
HEAX TR, FE L RS A
T PAIE KU AR T K2R AR O A TS P A v
YR [RS8 AT [ A5 AR R Ty (R T R0 LA
RS AR SR R TR AR ST o B A AN AR SO T

(1) BB e

Qe = 2 (AT = Tpyi) X 24 X 3.6/L +
Coryair TM = Co) (Lo = Tion) +

(I 4aeralion dryair ~ dryair aeration vapor



51 2RI A < U A ) B R R AR Tk KR B TR PR8N T Y 215
(Mwalercwaler +Msolidcsolid)(T£+l - T,)J <1> %Zuﬁ,%uﬁﬁ*ﬁﬁ*ﬂ?ii{‘%:%i—*g*ﬂﬁ‘j:ii, #1&%

N, Q ponere AR TR RIS (K)) A S SR
AR (m®) 54 S0 e O BE Kz DR IR A1 B A &R
@Z(W sm ' - K71> ;Tpilc j‘jﬁﬁz{ﬂ%(oc )5 T e NIREE
SR (C) 5L Ry SO0 w0 e K AR IR A BHE BE (m) 5
M porion aryare 9 38 R E AR T A RO & (kg)
M orion vapor HKFE ST (kg) 5C, 0 BT AR
(k) kg™ KT 5C,,, AKFETIIEE (K] - kg™
s K™ 5T i HEREIL(CC) 5M,,,, FPIEHIK S
(kg) s My AYPEHP A (kg) 5C,,. HKIIEE
P (K] - kg™ - K™ €0 MBI (K - kg™
<K T R D RIYMER(C) 5T, A%+ 1 RIY
IR (C) .
(2) WA LB R,
MNoe = (TOCiniiial - TOCpmductinn>/TOCini(ia] (2)
K, m,, AREEDE D S PURREEE R TOC, 0 H
KRB ER EA DR S 2 (g - kg™ ) 5TOC, puion H
YT EA PR G R (g - kg .
(3) MBEREIL R,
UH = Qgenerals/ M, dry mass (3)
o UH Jpiaeibdb R B Baf 1 i & B kL™
PERIEREE (KT - kg™ ) 5 My e 2 RERDRL T I
(kg o
(4) PoREHAR
E = Qo1 (4)
X E G (K - d7) sn ARBEABI(D) .
(5) FHER",
v=(T,, = Ty)/days (5)
o HTHRHEF(C - d7) T, e iR M
W(C) T, AR 0 RUER (C) ;days N KT
55 0 RBHEA A =R I s AL BRI (d) .
1.42 #¥EH 4ok KM Excel 2016 1 Design—
Expert 8.0.6 #1758 4 11 5501, H Excel 2016
W 2 — R AR R 5 — A AL PR SE A Ak
BAATRFIE , I3 i TOPSIS 321 PR AT 254 TR B
R PEAN ;s Design—Expert 8.0.6 {44 47 445
O3S HA SR ] Excel 2016 F1 Origin 2017 #1740
Pl A

2 RS0

2.1 EF TOPSIS A E MR A BRI S URIEM

G 75 I 2 R AR AR R IV REFE AR (UH K] -
kg ') MR () JTERECR(E K] - A7) DLETE
TR (v,°C « d7) X AEY TR BEBR LR A ORI

TOPSIS XA W 0 & BE A 4 D EAREAT 2R G
VEH, DA T R b e B ke E/K R 5 0 A= ) It 1
PRI (R SR, T HE AR AL .0 (0.30) >,
(0.28)>UH(0.27)>E(0.15) , {4 TOPSIS #1545
EFRERE PRSI E €, MHEF (R 3), &4
LS TN A0 2 BN . T3> T14> T7> T10> T23
> T18> T16> T21> T20> T19> T13> T17> T2> T22>
T5> T4> T15> T8> T12> T9> T11> T1> T6, H
RO B FURAR A AL B3 38 T3 F1 T6, H: BD |
C/N FI MC 4254 0.13 g + em™ 35.46% 11 0.07 g -
em™ 25 64%., FJLIE B C/N BYAL 3R F T2 i
CEATRIEICR I C/N NI S35 ERACR HI 55
22 HYREBRAGSENRENEZBEREZREN

i iz

LL BD C/N F1 MC }y A 7% 5, i i Bl 34 2y
(-1.68,1.68) , LAA= W) Jit A B TR P25 6 Y- 4 R TR AR
i, T IR IS TSR

Y = 0. 54 — 0. 06BD + 0. 10C/N - 0. 02MC -
0.09BDXC/N-0.10BDxMC-0.02C/NxMC-0.06BD*
+0.02C/N*-0.10MC* (6)

HeE 23 R =0.82, F=6.40, P =0.0015<
0.01, 28130 P {4 0.23>0.05 A& FHAIA R
U, IR 0 R R N R 2R TR IO 1Y G
o X ] DR R R A 7 A i b B S Al R 2 ke
SRR A, 25 REH (8 3) AR N,
LEAVEATIE C/N RGN HE R, 38 (R B2 2 1 G
Z,MXF BD F MC [y i ¥ 52 A R 2R, 2
S HZ B FHALKE BT, 255 PE5 X MC 1
oA W AR = K-, BD R MC 3477 A= 4 il
YEHT AL C/N RHEEE A IE R 1R

B4 (W 217 50) s B R GR RS VAN
ER RN FEREEIEE N, A PR E Sk C/N
FyXE I A= B BD IR MR (Bl 4a) . TEHK
K C/N S5HAR K BD X 6] Py, SEH (48 8
BT E L B N AR AR A B AN, ELAH B A
[, 24 BD 5 MC ¥4 TRkt (K 4b) 255 F
MAEEIN,BE BD 5 MC 128 AR, PR (E 2 7 T
o (E R A X ] A 3K F BD 5 = K Mc,
T H WA S BAON,, HAR BRG], =&
FARIZE T (5, W 217 50) Al rhiE KSE MC
=K C/N VIR BD 416 R AR fols T
YR B A R S L X 0], Bl C/N 38, B
X a4 BD TRk MC X 18 A& BD h i MC
T, 255 VR (R [ 25 35 K BE Y RL K 4338, BD



216 TR A X AR

541 45

5 C/N 1) 58 A8 2 8 o, £ PO (R TR 28 4
Ko 24 BD i 3 £5 A BRARGCR 7= LA, 2K 53

ARFIERTEE C/N SR, 35 YRR YR MC AT fif
PRIV BER , BEIE LR B IRMVICR

&3 BT TOPSIS EMER R BRALGSURERTENGES

Table 3  Comprehensive score of composting heat generation determined by TOPSIS method

KIb P Treatment Moo UH E v D' D" C; HE)¥ Rank
T1 0.067 460.88 313.16 1.73 0.401 0.068 0.13 22
T2 0.058 393.75 479.84 4.50 0.314 0.133 0.27 13
T3 0.103 700.61 626.39 8.51 0.128 0.215 0.59
T10 0.081 539.83 598.06 7.24 0.205 0.192 0.46 4
T5 0.179 1131.27 299.22 5.69 0.287 0.108 0.72 15
T6 0.100 668.62 277.91 2.53 0.383 0.061 0.29 23
T7 0.109 742.81 205.40 9.32 0.128 0.161 0.59 3
T8 0.066 439.33 182.60 5.70 0.301 0.089 0.29 18
T9 0.134 750.56 89.26 4.63 0.347 0.065 0.46 20
T4 0.072 459.89 550.33 1.45 0.398 0.139 0.23 16
T11 0.073 510.80 309.60 1.92 0.397 0.067 0.16 21
T12 0.094 657.96 417.79 1.53 0.400 0.099 0.28 19
T13 0.078 567.38 511.43 4.87 0.301 0.145 0.35 11
T14 0.138 949.84 535.09 8.38 0.140 0.194 0.76 2
T15 0.100 660.44 352.26 4.92 0.308 0.106 0.40 17
T16 0.122 812.14 451.22 7.17 0.214 0.159 0.62 7
T17 0.119 791.72 459.00 5.01 0.298 0.133 0.51 12
T18 0.123 818.52 454.77 7.26 0.209 0.161 0.63 6
T19 0.108 719.64 479.80 5.42 0.283 0.142 0.48 10
T20 0.123 816.66 473.46 6.05 0.260 0.148 0.58 9
T21 0.125 830.06 527.06 5.66 0.272 0.157 0.58 8
T22 0.105 695.67 403.32 5.17 0.296 0.121 0.44 14
T23 0.123 816.32 473.26 7.68 0.187 0.171 0.64 5
Z” 0.000 0.000 0.000 0.000
7" 0.280 0.265 0.153 0.302

T i, JUH E o SR BATHUR R AR 5 BB R (K - kg™") W RER (K - 7)) ATHRER (C - a7 BSEIIE, ¢ RREERIT
W8, Z* , Z7 53 0 F7s BIAE R G AR 5 D7, D743 53| 3R 5 AR e A £ EACUARR RO BE Y

Note : 1, \UH E and v represents actual value of total organic carbon degradation rate, unit heat, heat production rate and pile temperature rise rate,

respectively. C; is comprehensive score; Z* is the ideal solution, Z~ is the inverse ideal solution; D’ is the distance between the ideal solution and the

treatment, D" is the distance between the inverse ideal solution and the treatment.
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Fig.3 Effect of single factor on comprehensive score
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Note ; Figure a represents interactive effect of bulk density (BD) and carbon nitrogen ratio (C/N) on comprehensive score, and Flgure b

represents interactive effect of bulk density (BD) and moisture content (MC) on comprehensive score.
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