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Research on the application of greenhouse type fermentation equipment
based on greenhouse heating and air replenishment

WANG Jiamin, LI Chenhao,HU Yixin, LI Jianming "

(College of Horticulture/Key Laboratory of Horticultural Engineering in Northwest Facilities , Ministry of Agriculture
and Rural Affairs, Northwest A&F University, Yangling 712100, China)

Abstract ; [ Objectives ] To solve the current problems of large amount of agricultural waste, low resource utilization rate, and low
temperature and insufficient CO, for production of facility vegetables in cold winter areas in China,a shed type biomass fermentation
device was designed. [ Methods ] This equipment included fermentation shed body (6 m long,5 m wide,2.8 m ridge height) , forced
heat exchange device and indoor heating pipeline in three parts. Using corn straw and sheep manure as raw materials for layered pile
fermentation , the thermal performance of the fermentation unit brew, the impact on the thermal environment, gas environment and
production of the facility greenhouse, and the economic benefits were explored. [ Results] The temperature of the pile in the
fermentation unit was above 50 °C for a total of 65 d,and the heat production efficiency reached 74.94%. The temperatures were
more than 1.04 °C higher compared with the control greenhouse. The global warming potential (GWP ) index decreased 96.98%
through the gas filtration device and CO, recovery system during the composting process. The CO, concentration increased 2 270.58
mg-m~". The soluble protein and vitamin C contents of tomatoes in the heated area were 24.6% and 29.2% higher than those in the
control area respectively,and the lycopene was 71.3% higher than that in the control area. The operation of the biofermentation unit
increased the field per plant by 5.99% and increased income by 8 712 yuan. [ Conclusions] The application of shed-body biomass
brew heaters in cold regions could provide heat and CO, required for crop growth in facility greenhouses.

Keywords : biomass fermentation ; CO, ;heat generation ;forced heat exchange
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Fig.1 Schematic diagram of fermentation plant
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Fig. 2 Fermentation shed body(A) ,forced heat exchange device(B,C)and indoor heating pipe(D)
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Table 1 Physicochemical properties of raw materials

IR SANBR SR/ (g kg™) RS/ (gkg ™) FIRE/ % WA
Test materials Total organic carbon content Total nitrogen content Moisture content C/N ratio
Bt Sheep manure 339.00 18.46 41.49 18.36
EKRFEFT Corn straw 394.50 6.71 45.90 58.79
JEHY Starch 444.00
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Fig.3 Layout of greenhouse temperature measurement point
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Fig. 4 Position of ventilation pipe measuring point
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Fig. 5 Temperature change of the pile Fig. 6 Effective accumulated temperature change
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Table 2 Physical and chemical properties change of test materials

Fobi Tnden Rl G B/ %
Before composting After composting Rate of change
&R/ (g kg™") Total potassium content 25.54 39.33 53.99
W/ (g-kg™") Total phosphorus content 4.62 7.17 55.19
BADRSEE/ (g-kg™") Total organic carbon content 336.68 266.43 -20.87
R ®/(gkg™") Total nitrogen content 15.03 20.90 39.06
BRA L C/N ratio 30.40 12.75 -58.06
HL 9%/ (pS-em™) Electrical conductivity 1361.67 1 558.00 14.42
pH {H pH value 9.35 9.76 4.39
7K /% Moisture content 65.22 54.76 -16.04
FhF K ZEHEEL Seed germination index 0.55 0.77 40.00
HHUFE S /% Organic matter content 64.94 50.87 -14.07
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Fig. 11 Change of N,O concentration in the pile(a)and greenhouse(b) during fermentation
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Fig. 12 Change of CH, concentration in the pile(a)and greenhouse(b) during fermentation
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Fig. 13 Change of CO, concentration in the pile(a)and greenhouse(b) during fermentation

ATRIGHE A R 8 AR 1) CO, HEAT DO T 288 3 A 7, oA KAHE G AR B 75 e Fil =
RO, PRI I TR A R RV ( GWP) FE B AR AR TSR B i A= ) R e R B8 T B 96.98% , I 2 Uik
TR SARHERL, PR g SR T
2.3 EYREAENREE AN

W 3 R I DX 0] R (X R il bk P F 4 75 5.99% , TR E N 11.86%, AT CO, X T&
i b AR T A R

®3 BANSEBNEHSTENZM

Table 3 Effect of heating and air replenishment device on tomato yield

H 1Y Date AbFR Treatment BARkr= /g Yield per plant TR /g Dry fruit weight
AKX Experiement 642.86+25.84" 47.94x0.312"
2021-12-10 o ) ‘
¥R [X Control 576.70+37.54* 46.17+0.336°
i35 X Experiement 528.24+30.85° 41.68+0.268"
2022-02-17 , )
Xt BE X Control 519.36+17.82° 33.33+0.343"

TE ARV N FRRIR 25 B3 (P<0.05) . T,

Note: Different lowercase letters indicate significant differences at 0.05 level. The same below.
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H1 3¢ 4 WAL Z8h 0 ml VA v DR P RE BILIR 1 i, 1506 DX I I 3 0 BRIX (R R IR L 5 22 IR K,
UL IR AN B a7 T DR @ i R S i DR, i X M F T ia e A iR R ¢ SR DA
R R ERE b RS X iE B A A R C S IR X 24.6% F1 29.2% , 156 X B 4L &
e R IX R 71.3%
4 BRENSEBENENRSEHZM

Table 4 Effect of heating and air replenishment device on tomato quality

| TRHEUMAR e GbMAR/% MR REEAAR AR C AR BRAKAR
Treatm;-:nt Soluble solid Organic acid Candy/acid (mg-g™!) (mg-g™") (mg-100 g™")
content content ratio Soluble protein content Vitamin C content Lycopene content
Xt AR X 1 ] . ] ‘
Control 6.20+0.16" 1.45+0.03" 4.28+0.21* 7.97£0.25 18.30+0.5" 5.58+0.67*
5 X
FXitegriin[l:enl 7.57£0.09 1.72£0.03*  4.41£0.13* 9.93£0.53" 23.65+0.77* 9.56:0.90

24 HEWMABEREZFUEDN
SR AR A= ) S5 A W2 T A A6 FUAR Sl 3500 T, A2 77 AR S 4 440 T, He rp il SE & 19 JSORERI G T A
G391 2 640 F111 800 JC(#K 5) . A EBIT WA PERE R EL(COP) 2 32.86, Hibk/™ B H2 5 5.99% , 34 hinik
A 8712 JG, [F)i i e B R i HTARFR A 5 4F , B4R RRAR 29 1600 T, 458 $2 T+ dh B R iU as: , 1
FZ3E B RESAE 2 AR GAS . JF H & B4l AN B ek a) R I 2 B v DR e e 8 ) 2 7 o
N CEE=
x5 HEEBEEMMNREZZENR EFHEAREFNH

Table 5 Construction cost, production cost and economic benefit of experimental greenhouse and control greenhouse

5 BiAR/JG Construction cost HePE AR/ T8 Cost of production -
M=l p— v S e 1 o e/ FETE S /7
%= REEOE  BREGEREE . REEER sl . - R/
. &t . &1 (kg'm™)  Output -
Greenhouse Fermentation Forced heat Fermentation Labor . Net profit
. . Total . Total Yield value
on silo tranfer device raw material costs

i W /=1 =

. BRI = 2 300 1200 3 500 2 640 1800 4440 8.60 40 867.2 26 506.86

Experiement greenhouse

IR

RIS 0 0 0 0 0 0 8.12 32 155.2  32524.24

Control greenhouse
T Ve RITIE = 7~ e A A 7 AR

Note : Net profit=output value—construction cost—production cost.
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Yok 25 AR W T TR A M S T R BE IR R AR 5 €O, , A 4 ZR IR B MR A K 1 — TS I A T
L5800 2= AR Y IR AR 7R 2 PR F A 2 A7 IR U ae AR R LA 5 5 R R . AT
K AN AR AE Y R ke, R R R PR S5 Ay & T e A LRt ] B A 350l 5 3 XA T D I 7
S B R CO, ARG IR AEIR = N, G T v (IR B 78 Ak, A ) B e U 1k 5 R ]
(0 LA, MR A TR AR A0 o DU B BE—— P R B B R B R HIB B R R B 2RI 50 E,
SRR R ke B, MERE i (50 °C LA T RAPREE 65 d DAL, A4 s il 0 0 i = 5 X6 I = A
B BRSP4 1.04 °C DAL, FEF= G D T, HEREAR B — R R AL M b SN R G R RN A
FESR, WA RO 2 2 TR e e (1) B B A — TSR A ) AR P A A BT LIS A 9
KR IR S ARCR , 20 BRI HER R H 77 308 R 201 331 kJ-d™', P30 1 74.94% , 16
X I 3 A W RE TR R R SR B

R 5 T TE TR A K AR S B TR IR A — I TR, AR S T I R R T AR
225 7 4 CH, \N,0.CO, NH, Z &5 Hob o, Al iR S YDOC SRR B0  EA F IR N AT
ARSI Bl A R AR AR ORI SR TR AR B3 RN R A vk 4
RO AR N,O YR 2 IUME I | CH, B—F O AUR, R SRR B R
SRz — RHRER CH O AR RS E AR K, M2 S BBk 25% ~30% i A4 Sl k& = 77,
FEEFET-P ) YR CH, RER ARG T, 7= HRE R IR CO, VA HLLAPIr= i 7= ke i 1
PR AR PR AR 2 e 2R TR ARRESFY I, o519 CH, N,0 F RS YR 24K,
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NS IR AL 078 FE FNK 4 ia B, [l s i R B ¥ Y A = s i 7, ARG v, e ad & s B O R P <R
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YIRBER S T 96.98% , & Ik T il = SR HE L . L% A IR CO, BT IR X, 7 it v ol ¥ 1 [ B 9
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