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Design and Simulation of an Intelligent Temperature and Humidity Control System
for a Solar Greenhouse Based on Fresnel Lens High-concentration Photovoltaic
Gao Weiqi, Chang Zhuoya, Gao Jinwu
(Lanzhou Jiaotong University, Lanzhou 730070, Gansu, China)
Abstract: To address large seasonal temperature differences, heavy grid dependence, and manual decision-making in solar greenhous-
es in Shanxi Province, this study designed an intelligent temperature and humidity control system based on the NY/T 3744-2020 stan-
dard and fruit vegetable growth requirements. The system integrated Fresnel lens high-concentration photovoltaic (CPV) technology,
using PV power, a charge/discharge controller, and a battery to drive fans, film rollers, and supplemental lights. The control strategy
combines PID control, threshold decision-making, and battery protection rules. MATLAB dynamic simulations under typical spring
and summer weather conditions (using tomatoes as an example) showed that the system achieved the required temperature and hu-
midity control accuracy, daily power generation meets the full-day load demand, and the battery remains in a safe operating state.
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Fig.1 System workflow diagram
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Fig.2 Daily variation curves of solar irradiance and PV power output
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Fig.3 Daily SOC variation chart
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Fig.4 Solar greenhouse temperature control performance curve
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Fig.5 Solar greenhouse humidity control performance curve
5 45iE

AR ZEET R L H G A il 25 W3 T R AR
o Do N R PR 2 22 B9 TRt , 3 1 Jl 8 3 i 42 il
A8, K PID 455 BI{E DRI A4 il S mis o (5 BRIk T
RGP A R, B Al R R AR . ROk
LA IR RS Ol EE A At A SR TR 5 |
A MR, S THE RE R G n] SEdt

S % 30k

(1] 5% e, 2850, 46 RE SO0l & JRIVIR AFTEA 2 2
XN ALHA AR, 2020,48(10) :57-62.

(2] i, EEAM AR KA T W HOGHE % N R E R
BrlI] BHL 5 BT, 2016(18) : 17-19.

(3] SBMG, v, BRI, 55 OGAR & HUYE T 23007 - AL P 4 A ). <
LRI, 2019,9(2) : 78-83.

[4] AKANO T, ASAOLU O.Modelling of a greenhouse climatic condi—
tions control system with PID controller for plant growth optimiza—
tion[J]. FUOYE journal of engineering and technology,2023,8(4) :
478-482.

[5] T, R, FAEHE, 55 BRI 3 M A il HoR
Y BLAR 5 BRI VTR AOEBL7, 2017, 45(21) : 10-15.

[6] HhrAE AR FE Al A FT . H LR 3 4 4 45 L AR
5 T NY/T 3744—2020[S]. 2020-08-26.

(7] BRifE 6 i R e ARG FALE & R H 22 e 1Y BRI I SL B0 F 5T
[D]. 5 HE - R E R AR RS2, 2014,

(8] AR mAERIOLHOL Y REM BT 5 LI FD]. S A
FE R AR, 2018.

[9] AT REKAL, WIRE, 45 L R A RO DO ML R GE A
HLPERERTFEL)). KBHREZA41, 2021,42(12) :64-70.

[10] GRAHAM V A, HOLLANDS K G T.A method to generate syn—
thetic hourly solar radiation globally[J].Solar energy, 1990,44(6) :
333-341.

(F#%H11T)



F6HI( 25 438H])

=V AR ISR K SRR Sl MR P M 5

FERUSMMESE 11

THER IR , AR 9K R 2 A T Y.
3.4 MREFRIEXIREERIZI

IR BARE 0 P A R R A 5 P MRS BT P A
SR P R RDRL S RE R S A R AL [R] PR R, 7R 22
S 5 P A R R DAY S ) % 7 AR A A SR S AT O o
o P A PR I A AR SR, B K i B B (] B
PR, FEATH R 25 AR IR S AR 58 R R AR AL, A
PR RS . AR RS BT A T AR 5 7
MR a2 Jm AR P BRI S KA A P B A 2 5
BR8] — 00 5 1125 2 JE FCBE i 7 OB ARl 7 i
BRI ] [ R N ER , I3 —FB 23 7 B 3 B A AT 16
HIMERE o 4Kk P RS RO DL A 9 0k K S LA
JBFH 2 [ 114 5 2R B UIAR 5%, 25 0 e A T A A
AR BERR Ay i A3 LA DX, I 45 4 I 50 i LA
AR P ) S A P R AT RCRAR X B A .
e PRI J3E 2 ot 25" gty D DS 8 K, = RO WA BETE A
R B S DX, A R T 114 7 R SR 32 B LTI AR AN
W B AAEBYEE  ERE T 45 H LU PR BE PR A AL B
SR B o DRI, L R A B A A AR R
XA HIEY,

4 BLEIZRBISH

S TRAE R E X AR 2% K e
JIPEHE TR, Aol R G REHLA 1K 30.6 x 10 kW, i
Pt 713 m, 72K 2 47 0 I B 7 VK R B0
I A5 8 45 55 A ) R, A AF 5 I 6 A ) 6 K 3R 9 2 e
P A T AN g S . TR AR R
P00 3, MR R — [ — R = AR AR T K 2
B2 7% T 00, MR BE B4 52 ) 21 41 iR o 4 1 5 i e
SR A5 2 EU L, R Sl T RS [ b
JEHAE 4R sl M s o L, It S LR 1

T BN S 7, R Ak BEL T e 1 X i 4 i 2 M s s
il FLA E B, = BHJE B Rk e i PR Sl hn i B 1
MAE A 2.6 m/s?, AH Fb 3 S 85 80 148 1Y 4.8 m/s? [EAIK
45.8% , W I e 7 7 R 9% M 92 dB [ % 83 dB., EFHJE M
LK PR 3l B P Ak S A RERE TR, A7 250 il e R 0
H 5 SEATHR S N o A BRI PR HL 3 R A SR A
HIAELE , BARE PR T34 51 0.020, B AR T PR A6 B 30 A 45 4
15 19% , {5 9 sl fin 1 5 52 1 BAKG 33.3% , ik B BHLJE Pk g

R FEMERMEIRSES XSRS R
Tab.1 Comparison of vibration and noise test results

of different material impellers
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