ISSN 1738-3935

New & Renewable Energy 2017.9 Vol. 13, No. 3 https://doi.org/10.7849/ksnre.2017.9.13.3.034

N [2017-9-ST-004]
Check for
updates

Eolel E4AlNSITL ENRIR E{witytol
AsH|w

Jongkyu Kim"" - Sangnam Lee? - Dongyong Park? - Haneol Kim?”

Received 21 August 2017 Revised 18 September 2017 Accepted 18 September 2017

ABSTRACT This paper compares the solar thermal absorption cooling and photovoltaic (PV) turbo cooling performance in Riyadh,
Saudi Arabia using a System Advisor Model (SAM) program provided by NREL (National Renewable Energy Laboratory). The
cooling capacity of the two cooling systems was set to 100 usRT under the irradiation condition at 12 PM in March. The PV cooling
capacity was maximum 100 usRT in June and September, but it decreased to 80 usRT in December because of the lower irradiation. In
the case of solar thermal absorption cooling, the performance was greater than 100 usRT in June and September but the performance
was lower than PV cooling in December. The annual deviation of the cooling performance of the solar thermal cooling is larger than
that of PV cooling. This is probably due to the large change in the optical efficiency of the solar thermal system. Therefore, it is
necessary to optimize the installation capacity of the solar thermal cooling system.

Key words Solar thermal(E %), Photovoltaic(El] %32, Cooling(\§*d), Linear Fresnel Reflector(413 Z &4l UFALA), Performance
(/3%5), Absorption(Z4=4])

Nomenclature Noptic - Optical efficiency
c : Cooling capacity, usRT Tatsorter * Absorber efficiency
Qopiicar - Thermal energy from reflector, W Tregieaor - Reflector efficiency
Qpsorter - Thermal energy absorbed, W Mnodue  + Module efficiency
A - Area. m> Ny : PV temperature loss efficiency
[ ovma - Direct Normal Irradiation, W/m® Msoit : PV soiling loss
Ly,  :Plane of Area Irradiation, W/m”
subscript

LFR :Linear Fresnel Reflector
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Fig. 2. Schematic of solar thermal absorption cooling system
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Table 1. PV module specification

Table 2. Turbo cooler specification

Turbo cooling model

Model COP Cooling capacity Power consumption

LAk 6.40 100 usRT 54.94 kW

PV Module
Nominal Temperature Module

Model Efficiency Coefficient Area
(%) (%/C) (m’)

SAH 18,41 -0,39 1,63
HAR 15,34 -0.41 1,96
CA} 15,94 -0.43 1,94

Inverter
Model Efficiency(%)
EA} 96,40
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Fig. 5. solar thermal cooling model analysis model

Table 3. Design condition of LFR

LFR inlet LFR outlet
Pressure Area
temperature temperature
o 175C
172°C 9 bar 515 m’
(sat, steam)

Table 4. Absorption cooling model

Absorption cooling model

Model COP Cooling capacity Steam consumption

LA} 1.51 100 usRT 350 kg/h

%72 350kg/holr] ojuf WRF LFR HAPHZLS 515m”
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Fig. 6. Monthly average of POA irradiance

2017, 9 Vol.13, No.3 37



T} o] Table 69] AZ HE v|wslgc)

CPV = ]P()A X ‘4PV>< Ninverter X Mmodule X Nsoil x1.82 (1)

Solar—to—cooling ratiopy = A 2
Lpos < Apy
Y AL o] w2
69} 9gof Zoff 2F 100 usRT2) wHMgL | Yeh= A
= SIS 4= qlom 12¢9] A9 W2 daFe = Qs |
W50l 80 usRT7HA] Zaxdhe A& 21 4= Qlek
692 Urtro] 124e] w3l Hdj 400W/m” = oF
e 25% 71

1307} Z71eI=(Fig, 6 H)
6] 100 usRTof| 0|24 HrkFig, 7
257} OF 10T Wsto] 12909] B9 Fh 40C HER
OF 30T} SO Qlafo] WAk Fhatu] At
27 A hebget,

AT S2AS AP 917 Y A A AF
58 ek Aol S WAlTt A A F 58 glol 1Y &

& SAF AFo] 461 6m’ 2 71 2He M A0 Basto],

i

80 20
70 —e—2o7|2= 18
S 60 —o—Meogz | 16
[9) —_
g )f t\ oEsg[ UE
o 50 -+ | <
g 12 5,
=]
2 40 10 2
8 {.'.‘.._... ]
30 [8-0-9-9- -8 @
£ ! L ¢ E
6 o
g 20 I { 4
| L
10 / ‘ L2
0 - T T T T 00000 0
1 5 7 9 11 13 15 17 19 21 23

AlZk(hour)

Fig. 7. Monthly average of ambient and cell temperature and
module efficiency (H corp.)

[
N
o

g 32
2 100 I
3 \ -O=62
g 80 - v 98 —
©
|
g 0 | G12%
£
[}
8 40 - ]
g \ |
©° 20 o
° Dﬂmwmm
0 4

1 3 5 7 9 11 13 15 17 19 21 23
A|ZH(hour)
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Fig. 9. Monthly average of direct normal irradiation

Table 5. PV module total area

SAt HAF CAL

461.6 m’ 553.5 m’ 548.2 m’

Table 6. Cooling performance and solar—to—cooling ratio

Cooling performance (usRT)

2/AIZ SAt HA} CA}
3Y/124] 96.1 97.4 96.3
69/124] 90.0 89.7 86.4
99Y/124] 96.1 95.3 92.0
129/124] 78.0 80.4 79.7
Solar to cooling ratio

2/AIZ SAt HA} CA}
3Y/124] 0.82 0.70 0.70
69/124] 0.76 0.63 0.61
9Y/124] 0.76 0.63 0.61
129/124] 0.84 0.73 0.73




ZH(blocking) 5ol 8l A= Z7] EEMumore,)
o 9P| 9 42 TR AN deTS 5

AEr), o] el LFR &2 Al7tol| whe} wsHA =
Fig. 10 53} UeRfoict

[*]

l‘I[‘

I

Qoptiazl = [nm-maIXALFRXﬁoptmz (3)
Qusort = Q@timlxnabsnrbpr (4)
Crim = Miypean<0.2857 (5)
Solar to cooling ratiorrr = Cum 6)

Lyorma X Arrr

o
o0

<
> 07 32 |

o o
n o

o O <
Now

optic x absorber efficiency
o
i

0.1

o
)

1 3 5 7 9 11 13 15 17 19 21 23
AlZkH(hour)

Fig. 10. Monthly average of LFR efficiency

600

= 500 Dl
< -o-68
< 400 o2 —
Q
® 2l
€ 200 | 128 |
H d N
2
-
£ 200 X
8
% 100 -

0 -4

1 3 5 7 9 11 13 15 17 19 21 23

Al ZH(hour)
Fig. 11. Monthly average of steam flow rate
160
-0-32!
5140 ﬁ% =
-
2 120 A o-6d |
£ 100 98 |
©
S
b=
[
o
(=2
£ —/
S
o
v

1 3 5 7 9 11 13 15 17 19 21 23
A|Zt(hour)

Fig. 12. Monthly average of cooling performance

Byl WAEo) #71*34% 0 WS Fig
11, 120] Yepflow 124] 7] 3,
=3} golar to cooling H]&Z Table 89| A5}t
Table 894 69} 9€9] solar to cooling H|E©0] 1 9]
Abo|n] 120l = 0,59 77| ZHaske Ao g Uepgtt o]
= 6, 992 79 AR tin] Wikdso] a1 3, 1299
78‘—?— o /\}—Fﬂ: 1:]-]1:]] LHH}H o] tao1 4K ?__'l—/\ o]]:]_ EHob)(
I} g g9 solar to cooling HIZ} ¢17F =24 W}

FI

o)

=l
© AR Yehh=d], ol Ak Bieke] fAfof mhe HhA
2ol Hg} 5 Fetagol vixe & 2l vsto] HY
O] A5 Azt &) Lrrsiel whe EH"'“* A& o vA|
© I ddHeR T4 ¢7] ez dthE:

Y dsS Hul 6, 980l 7|+ EEe s
3, 124l YT SHAZIA] HBaL Sl

solar to cooling H|-&% YENJSIT) ejoFd =lo] ok
2k ool A2 ol alo] Wie] B8t 5
oM BAtA o &2 vehgth, Lo B dARFC R

Table 7. Steam mass flow rate

e 38 71 PAEUkg/
B\
39/124] 305.9
69/124] 503.2
99/124] 456.3
129/124] 180.8

Table 8. Cooling performance and solar—to—cooling ratio

Cooling performance (usRT)

3Y/124] 87.4
69/124] 143.8
99Y/124] 130.4
129/124] 51,7
Solar to cooling ratio
3Y/124] 0.89
6Y/124] 1,12
9¥/124] 1,02
129/124] 0.59
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Table 9. Yearly average of solar to cooling

Solar to cooling
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