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Atmospheric CO, Content Increment in Agricultural Greenhouse
Based on Membrane Air-stripping Technology

LIANG Feihong'?  SUN Dou'? TU Te'? JI Long'? HE Qingyao'®> YAN Shuiping'”’
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; The combination of CO, regeneration from CO,-rich solvent and atmospheric CO, content
increment in the agricultural greenhouse was explored when the membrane-based air stripping technology
and CO,-rich potassium glycinate (PG) were adopted. Additionally, the method of CO, content increase
for tomato growth in the greenhouse was also put forward. Results showed that an increase of the initial
CO, loading of CO,-rich PG solution straight forwardly increased the CO, regeneration efficiency and then
the released CO, amount under the conditions of 40 ~ 80°C reaction temperature. A regeneration
equilibrium can be obtained within 60 minutes. Under the optimal operating conditions of 6 L/min air
stripping flow rate, 0. 75 mol/mol initial CO, loading and 60 minutes regeneration time, the released CO,
amount can be easily controlled only by regulating the rich PG solvent flow rate and regeneration
temperature. Two approaches for increasing the atmospheric CO, content in a standard greenhouse
(600 m*) were provided for improving the growth of tomato. Firstly, the atmospheric CO, content was
rapidly increased to the maximum value through CO, regeneration from rich PG solvent, and then the
required CO, amount during tomato growth was supplemented according to the plant photosynthesis.
Secondly, based on the calculation of total CO, amount required for tomato growth in some times, CO,
form rich solvent regeneration was supplemented into the greenhouse at a fixed speed. Compared with the

traditional method, this method using CO, released from CO,-rich solvent as CO, gas-fertilizer can obtain

Weks H B . 2020 10 -28 & H #: 2020 - 11 -27

E£WMAB: HEARFFESTA (52076101) (W db A AFF= 5 4 350 H (2020CFA107 ) i o e 5 A8 B B0l 55 2% & 300 %% 4 51 A
(2662018PY046)

TEER N P RIC(1993—) , 5B 144, FFMNE CO, WY 5 + 5 % 5T, E-mail ; 1ianf2008 @ outlook. com

BEMEE: KT (1980—) 5, #04%Z , FZ N FHAKAEAE CO, fb2=Mli e CO, A5 13 E MF5T , E-mail ; yanshp@ mail. hzau. edu. cn



352 &l #Hl

L

2021 4

a lower cost and environmental sensitivity. For example, the CO, generation cost can reduce by up to
about 58.00% . For a bio-natural gas plant with 1 000 m*/d biogas yield, the released CO, during biogas

upgrading can be completely absorbed and fixed by the plants cultivated in the three multi-span

greenhouses when the developed technology was used.

Key words:; agricultural greenhouse; CO, regeneration; CO, gas-fertilizer; amino acid salt; biogas

upgrading

0 3]

W NI CO, fiE 25 42 5 UG 1R 4 1 e
VER A R TR AR s bk s ok AR % T e,
I REI I A By Al SR R e R ek A TR
Al 3 S S — AR G 5 B 0 2 ), B R LA N
B R TR RO B M O A 1 R R IR E
CO, SRR FE , 25 A K 1 3547 3 Kl 14 it €O, ,
% N CO, YRS 2% T4 1 R B2 4, K e LA A
B AR AR 0 19 O & 1, SR s e 4
S5 TR A — E VR B CO, JEH A LB,

HRT, 6238 i CO, B9 )7 ¥ 45 i i CO, H9 i
OB HLHERE B A WL R e i AL R v
CO, LA I e FL WG JBE T 45 (R AE & 5 ff
CO, “TALZE 5y 1 1l 25 P4 0 38 KK, ) I 40 O 9 5
R E AR 5T A UM A vk A A AT B 1E X
39 it 1 R R K CO, YR K2 €O, it B AR i) 465 R T 42
R R RS ALk 5 A A
TR AT A R o Al R vk — R T B R
5 R U S L CO,, AR R S e Ak i, T A
e T LR CO, NG E 77 30 0 L B A b b
WAL A 7 R BB £k A 7 I 5245 e U A

HASAH L 40% 1 €O, [N AUk B
(P AL K CO, o BRI, VR A — i AT AT 93
% CO, MWW, HER THE— SRR E
B B 50, A B M SR T VA 0k e 4 0y s it €O, .
[ I, 98 0 o 18 R P N A B R BRI R
CO,M . R b, ALK TH R A P A B
CO, 1 g Al 3 2 SR A T

TERZ IR CO, 43 B AR, CO, fh 2= Wl ik
PRI A A B R i VR A CHL 462K AT 22 iy
A S CHL, 4l 3 2 A 30 4 32 e o fhae
Wi 325 T i ) 3680 29 1) JE =2 — 76 T T €O, W Wi 300 94 TR
(R I TELE REFE I, LT o5 M R S REFE 1Y 60% LU
BTN RS R CO, A B R AR R X T 5 %
JRA R IR CO, A B AR B T AR R
FER N B, DRI, Q0K 5 WA 0 CO, ik ¥
Wi CO, A i 2 4 fif 3 R %, SR W CO,
ST 2R G4k 4, wh T LUK W 0 30 B A T2 fE

il

FERIR BN AN I 202 55 h, JE T REAR TR AR 2l A o
K BRI AR BE A A CO, A, [H] I 3 it
F G0 e 3 AR F Y 3G R 15 A DL K o XU
i, W — D BRI 208 A

o T E WAEAO R = N A, ARk £ A
A RMEWAHL CO, M), 7] k£ BAA £ 7285
JE | R A= 0 B ik P 0 4R I e ) e TR R I e
T AN BEAE CO, T M B 3 0 A R e
T2 A i A AR D G0 2 A A g A i CO, I ) Sy
08:00—10:00 il , 5 3% R 76 FF A€ 5 Hti 11, 40t
A RS R [ EIE CO, — £ 9F
B AN B RS, 22 2 5B R R AT O it A, DA AR
Sl EA M RE S MY Yeas ™ . Nk, 5%
kBRSO IR % N il CO, BT

T, AR SCLLH Z BR8P (Potassium glycinate,,
PG)w CO, W (E W) A CO, 8, I LU 2 <
WA H AR B W CO, FHAE R IRZF 1 i CO, <
HE B R A1, I LA e € 3 it A A U, IR R
Wt CO, J5 %, R 7 Hr A B AR B UL LR By 28
Uk 4 5 PR BB L DU S ROl i = 19 it CO, <
JE 3 A — Tl OB A w4707 %

1 KEHMH8STE

1.1 PG EHH&Z

PG i H &ML 5 KOH 254y Jit 14 38 S 7 1 8,
T b ali g KOH W 81 b i i e A 2 3R A7 R 2
", H & MW E T BioFroxx GmbH 72 ], 4 )& Oy
99% . PG & WiE i PG /KW 546 CO, M
M, 76 CO, WG 78 b, 5B 5 min BURE 70 BT i
CO, fifar, 2435 2 48 % 5 i, B AT 458 1k i, 58 i
ERECH . S CO, M AU BT R A UM
K | 2R B o, i KT 99.9% o WG Y €O,
707 SR FH 28 L 4 R B 2 TR AT AR
1.2 WAL

AR 28 SR A H AR 9047 PGB A Y I 50
FEEWME PR, WK R RN AN 2 ke PG
W, B RAES R (BT100 — 2] &, 22 AR 1H i = A
FRZS w] ) 42 4 O i s kAR R g (CS601 AU, | ff
RSl A R R BT s ) ) #EAT Ik, S8 s 2t



11 BERAT A BET A

SR AR BRI R W CO, B 5T 153

AR, RS 2N 8 (B R A S5k 1
Jis) o SIFE, 284S E (ACO — 006 AL, 51
SL2E AL KO b A BR A\ ) B8 R S 28 AR IR
I (LZB —6WB AU, 22 M R AL KA PR A ) 45 il
i A AR FE R 5 O T B s, W T
Az e A AR R & TR S BEAT CO, YR RS I
(XLA — BX — CO, A1, %I i 3% A 3 i B 5 A B
IS o R VRORE T BE R IR R I A ) (HT — 9815
#I HTI Technology & Industries 23 ] ) 32 .

I
—————L]
L

1 PG & M2 AW 49 12 1 6 3 s 2 8]
Fig.1 Experimental setup of CO, regeneration from
CO,-rich PG solvent by membrane air-stripping technology
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Fig.2 Effects of operating parameters on CO, regeneration performance of CO,-rich PG solution
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Fig.3 Effects of reaction temperature and solvent flow rate on CO, releasing amount from

CO,-rich PG solvent by membrane air-stripping technology
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Tab.3 Economic analysis of CO, content increment in agricultural greenhouse by using different CO, methods
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Fig.5 Ecological environmental sensitivity of different

CO, gas-fertilizer application technologies
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