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Abstract: This paper presents a method for optimizing thermal and energy management in a greenhouse through an
integrated Combined Cooling, Heating, and Power (CCHP) system, which includes a fuel cell, heat pump, and
absorption chiller. The fuel cell supplies both power and heating, while the absorption chiller is responsible for cooling.
The heat pump supports both heating and cooling as required. The study utilizes MATLAB/Simulink simulations and a
Model Predictive Control (MPC) algorithm to examine real-time control of thermal flow, ensuring that the thermal
storage tank's target temperature is maintained. The control strategy considers environmental variables, such as
fluctuations in external temperature, to maximize the energy efficiency of the smart agricultural greenhouse system. The
results demonstrate that the proposed control method improves both heating and cooling performance, leading to energy
cost savings and enhanced operational stability. This research opens new avenues for improving energy management

and control efficiency in smart agricultural systems, with potential applications in large-scale agricultural practices.

7|1 449 L : Length

m : Mass flow rate

Ay : Heat exchange area N : Number of cells

Ay otal— piate - Total heat exchange area P;,, : Inlet pressure

C, : Specific heat capacity P,,, @ Outlet pressure

Eyernst - Nernst voltage PH, : Partial pressure of hydrogen

f : Friction factor PO, : Partial pressure of oxygen

h;, : Enthalpy of the inlet fluid Q - Heat transfer rate

h,,. : Enathalpy of the outlet fluid Q.. : Absorbed heat

I : Current @y1are - Heat transfer rate for the plate
Qo1 - Total heat rate

* Corresponding author: author: chulhee@inha.ac.kr T}, + Inlet temperature

1 1 Department of Mechanical Engineering, Inha University, T,,; : Outlet temperature

Incheon 22212, Korea

Copyright © 2024, KSFC U : Overall heat transfer coefficient

Cretive " Commens Attoution Non-Commercal Lisemsethpey U2+ Heat transfer coefficient for the exchanger

creativecommons.org/licenses/by-nc/3.0) which permits unrestricted U)Za,te - Heat transfer coefficient for the plate
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V' : Voltage

V.. : Activation voltage

Vieu © Cell voltage

V.one : Concentration voltage loss

Viers: : Nernst voltage

V,, : Ohmic voltage loss
Viraer + Stack voltage

AP : Pressure drop

AT : Temperature difference

AT, : Logarithmic mean temperature difference
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Fig. 1 Schematic Diagram of a Fuel cell-Based
Combined Cooling, Heating, and Power
(CCHP) system for Greenhouse,
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Fig. 2 MATLAB/Simulink Design of
Cell-Based Combined Cooling, Heating,
(CCHP)

a Fuel

and Power System  for

Greenhouse,

Table 1 Component—specific designations for
the entire cooling system,

Number Component
Fuel Cell
Heat Pump

Heat storage

Absorption Chiller

MPC Controller

SHCHEHCHS)

109

Calo|e - HEE 2024. 12



g o SAef 7Nk 24

7438+ 3l, Python Cool prop ZHo]BEHTE F3}o
Reynolds 75 =59 ol me} Abete] S/
47 dEHE RS

I/(L(f V[V( rst Vact - I/ohm - chunc (1)

E]Verst 1.229 — (085 . 1073 .
+(4.3085 + 107 ° « T« log(pH,

(T—298.15) (2)

Vr0,))

Vstack =N- I/cell (3)
chnm‘ated = I/st(u:k o 7 (4)
Z\—}(l)% %E;ﬁ';q‘gl 40]- L(f E :]—-LO]"A /'\—}vg_ie

o] Nernst A V.., 283 Ak Ast v, A
601_ {‘E‘/\E] ﬁ?ﬂ} 701—5]' VQ, %:E ‘1‘1_"/\] 71(1(1):]]_ ZD}%} I/me

2 FAEY AQ)= Nemst A} By, = A4St
7] 93k /R]oi o] xqol-o ex 79 Fa d Aa
°of ¥4 pPH, B PO, ° wWt AAHET. o

Nemst AL A %ﬂ 7 11%91 78 A9 87

EH X‘] H VST@(A = 7:”/8_":5]‘131,
VStuckQ]- L.‘IT [‘E‘
Pgenerated'%' _—TL?:S_]_'E]'

212 3| EEHZ 2EY

S|IEHZAA = 557] HEolA soles 2=
SIEPZ ol] W& Fsteo] W2, 2o & 4
= SEHZONN &=, 45, B g ST
714 Eoles 2ERH W7 Hkgo] dojuar,
WS EFAY e U BE

b
)
ol [T
2
>
>
op
_?L
2 5
k
Zi
ro
ml
flo

110

Journal of Drive and Control 2024. 12

A=Y A Ao} AT

TOuf T]n Q'mm] (5)
mC,

AP— . capallary | in in

Qplate = Uplate ° Atotal— plate ° LMTDplate (7)

(6)1_ qE/‘] Q}O]/\H}TF P T
ai % Eﬂﬂﬂ W5el kst A PpE A4ksi, o]
Ao HE o, EE v,,, 283 o] doje}
37 vl we AYHG Ao, ()
W] FHAA e dHgF Q,, E A
° ALAT Uy, S0l WA
Ay otal— plates agar B &5 A LMTD,,. 5 At
&3t Qs 885 HUIS

=]
o

WHl7l= MOF E92 F 79 Wzbeta}
A% BazR

=< >
B 57 oA dmae S YAgony
A

SRz A »4(8)-0— aerst
A 19ES &3t 7 259 AAH dwd
#ee 2dE Sigly, P FIHHoR AR 4 (9)
- (10) & otz YeRAAS

TOut T1n+ Q'wtal (8)

e,

Q: UAE * AE * AT}m (9)

Qabs :mlﬂ'quid * Cvp * A]}m (10)

218) 2(5)¢F ZomH, 4 9= & w49
dREF QF ALt AT Aoz d HdgAF
UAE’ OE:]E—Q— U‘j?ﬁ] AE, -‘11‘{'1 %E— _]—A ]—27”0:” Uil-
2 A4 410 F2 Irles §58 9
Fe Pohe Ao, fAle) AF HF iy, 11D



5T R - o) A3
3. Hloj7| 47 MPCE el % 72 el d J & Haskshs Alo] ¢
He W, 2 WS Adnit e WeE o
HEART BAN eI AE 2o oo wleh Sl A2ES HHsRch AN e 3D =
AU Lo WSS ATl 240 We £EF WAL A1) Vet
Aol 3 APHOR fA3telof sh, olF .
dof 49 HEL 2UGe] W5 ex Aol (7 ATt B (12)
£ MPC o718 AWEAT MPC Aol BA A
of WMrEY BAYYHL o g3 A
e R T8 ASUE T g b 5 Buge) ok mixe s
AFS Az, olg sos Fojrl Ak x0T T JUN.
i R 13, g 29 wsolth AdgE I3 B4
ol BAYEE Hrstss HHe Aol AYS e
i _ o AR BHE W] AEP v F7t 2
wESHE A] JPMOR AY ABME 2F AW 0 Lo
37 wdg e —s}uﬂ, o AEY Ao o N '
z4 v)e) JelE ngoz Aol e A4 A _
Slo] Ao 347{—4135]’3]-% Ho/\lo]l:} W \pes = Az(k+1)=AAz(k)+ BAu(k) (13)
7 F8 S FE AASHE AolE gt y(k+1) = y(k) + cA~z (k) + CAu(k) (14)
A HAZ JY o= :rLZl'(control horizon, N, )& 1]
o 9 Agbel Aol YL AFshe oW, T A AHE B md FES dASse Ao o
HAZ 29 o= 73 }(predlctlon horizon, N,)& o &3 2t}
zd Aol Qiejo] AzEl el vXE P W
7ehe Fzkelth MPCE o] % d% 7zbe Ao, Y= PRI TOAT as)
2 3o, 2} AEY Aol A Fojzl xﬂczr 22 vjel
A BAYSE Aasse Aol 48 MVE AN 4. AE#ola Azt

A2sglol) A gk, )

MPC
Model

Fig. 3 Schematic of the greenhouse power

System

Chilled | M A

water ref
Chiller
Valve

Mv.t

system MPC controller,

2 ATAE F2e Wl 27 35 ex9
2o 2EE 28 Ao BEE HYsw 2zl
AolE i3] £l A 4TS Ao APo= A
&3t MPCY EASS 1= (1) 22 23 ¥
2o g Aol on, d& eake} Ao oY W
& =Y,

J=(R,— V) QR,~ Y)+ AU RAT (11)

RE= A7 7 WE], V= o= 28 ¥E Q& 9
= oz Ve, RS Y Wk 7}?;63%015}.

MPC Aoj7]1¢] Ale] 4= Wels 15904 10744
o M9E AA F24] Wir]e 23 OE Y
g e W= 2Aske] 3T

Prediction horizon< 15, Control horizon< 2% A4
39S, Sampling times 0.52 AAAsTh o
MPC #0177} A7 9] oA Adz A& +
et A=A GAsr] fste] Ao dH@e &<l
FSAL, Fig. 40 YeEbi Ao

o

¢

MPC Control Output

— OQutput
- = =Minimum
- - -Maximum

0 10 20 30
Time(s)

Fig. 4 MPC Control
Adsorption Chiller Mass flow rate,

Inputs for a Fuel

111

Calo|e - HEE 2024. 12



2d oA o 74 &4

Chilled Water Outlet(K)

AT
Feemm————— 1
gSOO i :
o I * |—MpPC
3
-E!' 200 —PID
o - - -ref
g— Detail A
2 100
0
0 10 20 30
Time(s)

Fig. 5 The chilled water outlet temperature
in an adsorption chiller using an MPC
controller and a PID controller,

Cold Water Outlet(K)

600 Detail A —MPC
. —PID
X - - -ref
2 500
=
©
©
%400
O A
= S |

/,\,, C#iﬁ —_—

300 VN |-

0 10 20 30
Time(s)
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an adsorption chiller using an MPC
controller and a PID controller,
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