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Abstract

In this study, effect of reinforced insulation on heating and cooling loads were studied due to installation
of PV panels on factory building roof with a floor area of 12,960 m> For PV panel installation,
combination of aluminum, polyurethane, air, polystyrene and steel materials were added to the original
roof, which increased thermal insulation performance. Half of the roof were covered with PV panel
and the other half without. Temperature and relative humidity were measured for 8 days during summer
season for both indoor spaces. PV panel showed the effect of lowering the indoor space temperature
by 0.6°C. TRNSYS dynamic simulation showed that with PV panel, cooling load per area is reduced
by 1.7 W/m? and heating by 10.0 W/m?. PV panels installed on building roof not only generate
electricity but also can save energy by reducing cooling and heating loads.
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2.1.1 TRNSYS Type 56 Multi zone building
Fig. 12 TRNSYS Type 56 multi zone building®]
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Fig. 1. Heat balance of an air node.
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Fig. 2. Factory roof photo. (a) Without PV panel, (b) With
PV panel.

Table 1. Summary of S factory building

Item Contents
Company S Engineering
Location Asan-si, Chungcheongnam-do
Usage Factory
Solar power capacity 6 MW

T & H measurement  Four points inside building F
June 25-July 2, 2019

1 minute

Measurement period

Measurement interval

Table 2. Building wall component
Material L k c P U
Concrete wall 0.270 0.51 1 1400 -
Stainless steel 0.002 1627 0.11 0.1 -
Wall Mineral wool 0.100 0.05 0.9 80 -

Stainless steel 0.002 1627 0.11 0.1 -
Total 0374 - - - 0370
Concrete floor 0.5 0.51 1 1400 -
Floor
Total 0.5 - - - 0869
Polystyrene  0.02 0.03 125 20 -
Roof Steel 0.03 15 1.8 7,800 -
Total 0.05 - - - 1210
L : Thickness [m]
k : Thermal conductivity [W/(m-K)]
¢ : Specific heat [kJ/(kg-K)]
p : Density [kg/m’]
U : Total heat transfer coefficient [W/(m?-K)]
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Fig. 3. Roof layer. (a) Without PV panel, (b) With PV
panel.

Table 3. Layer component of PV installed roof

Material L k c el Ror U
Aluminum 002 720 096 2,700 -
Polyurethane  0.04 0.028 1 40 -

Air - - - - R=0.169
Polystyrene  0.02 0.03  1.25 20 -
Steel 0.03 54 1.8 7,800 -

Total 0.110 - - - U=0.356
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Fig. 4. Measurement locations inside F building. Height
Sm.
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Table 4. T-TEC 7 Specification

Item Value
Image
Model T-TEC7
Measurement T and RH
Temperature 40085,
range -40C~85C
Relative humidity 0-100%
range
T +0.2C
Accuracy RH 43%
Storage 10,600 data
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Indoor temperature and humidity meausrement result
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Fig. 5. Measurement of temperature and relative humidity.
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Table 5. Temperature measurement result

Temperature
Sensor .PV pagel P Remark
installation Range(C)
1 21.9~31.4 -
Yes
2 22.2~30.0 -
3 - Excluded
No
4 222~31.8 -
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Table 6. Internal load and comfort conditions

Item Contents
Light 11.8 W/m?
Internal heat ]
Equipment 8.3 W/m?
. 1.6 met
Metabolism g\ dine. Tight work)
Comfort . 1.0 clo
Clothing (Typical business suit)
Air velocity 0.15 m/s
ACH 20 1/h
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Fig. 6. TRNSYS simulation studio.
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Fig. 8. Cooling load with and without PV panel.
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Table 7. Cooling load comparison 4.4 =
T, Cooling load (kW) Percent'age N _
oy Withou  With L reduction lfH%“ s ‘]?C‘ﬂ GGG %%—%
PV panel PV panel (%) Ba Wbt nAE G Awns] ¢
24 1,853 1,815 38 2.1 OFAF AR FAS A At 2 sttt gioFg o
5161 1oL 30 19 go] go] WE sh F7he] AU LE U HE W
26 143140320 4 BE Sgstel Ay Q86 mNE 9 v
27 1,266 1,253 13 1.0 st S EA 4 =273 0] TRNSYSE &85
28 1,117 1,107 10 0.9 o] gokt g Ax|o] o3t Wy Hat wisier A
Average 22 1.4 ELS AEstgon O ARL olgel Zhoh
() Y=t 7172l 20199 69 259K E 7€ 247}
A 89 Fok Aol Y o] MW s 3
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e vln A3h= Fig 9, Table 83 ok Ay A4 = BEo] AAd 379 2=+ v|dAd 3
<= 24T ) gjofd Tl AlL" AR &R diE] 03~1.8T @okor, HdHOoRE 0.6T Wk
St 150 kW, HZg 3.5%, G HAET ‘&‘%—‘?‘—3} o YA els dEds MdeR AU =2 R
FaFE 100 W’ 7P go AdHan 20T ol F= H7 e As & AT
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kW, 78 2.8%2 71 FA AZE A} 547
2 A lg.r]oﬂk] RS Ho 130 kW, 3.3% &
AE= AL & 5 AU

4,500 Heating load without PV panel
4,400
4,300
4,200
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—*Heating load with PV panel

Heating load [kW]
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Fig. 9. Heating load with and without PV panel.

Table 8. Heating load comparison

I Heating load (kW) Percent.age

©) Without With Difference redl‘l]CUOn
PV panel PV panel (%)
20 3,466 3,371 95 2.7
21 3,724 3,599 125 34
22 3,963 3,824 139 35
23 4,204 4,062 142 34
24 4,446 4,296 150 34
Average 130 33

TEX| oL e=Ed

2) YA Ay dHex 443k 24~2scﬂ E
ol wheh YRl ¥sE TRNSYS A& 0|4
2 Hwshd gy Ao Zslrng yHr o}_
B 22 kW, 1.4%, G9HAG 1.7 W/ A€}
AU AR82EE 240 W AUF 38 kW, A
£ 21%2 71 aF ol

() A= AAZL 20~-24C 2] =W 3tof| ot

R HskskS vl asty gkl Al A"
508 Ag °d¥ 45 M Al dEste Het
130 kW, 3.3%, T EAD 10.0 W/ A7rE o] 5
FHEA g AA)7 dERs Aol At
= AL Y 5 dot Ay A== 24TY o

— A=
AL 150 kW, ALEL 34%= 714 A1bF o)

a o+

At
References

1. Ministry of Environment, 2019, Enforcement Decree

of the Renewable Energy Act.

2. Shin, J. H,, Kim, S. S., and Cho, Y. H., 2016, The
Strengthening Effect of the Heating and Cooling Load
on the Thermal Performance in the Housing Unit,
Journal of the Korean Society of Living Environment
System, Vol. 23 No. 1, pp. 104-112.

. Venkiteswarana, V. K., Limana, J., and Alkaffa, S. A.,
2017, Comparative Study of Passive Methods for
Reducing Cooling Load, Energy Procedia, Vol. 142,



A5Y P a9 3 A3 HX) hE P D By o} wskey A7 15

pp. 2689-2697. Cooling Load Estimations, Journal of the Korean Solar
4. Giines, 1., 2015, Examination of Surface Tracking on Energy Society, Vol. 26, No. 1, pp. 1-6.

Polyurethane Foam Insulators, Procedia Social and 6. Solar Energy Laboratory, 2005, TRNSYS Ver. 18,

Behavioral Sciences, Vol. 195, pp. 2629-2633. Multizone Building, University of Wisconsin-Madison,
5. Choi, C. Y, Ko, S. C.,, and Kwak, H. Y., 2006, pp. 160-168.

TRNSYS Dynamic Simulation for Solar Heating and

Korea Society of Geothermal Energy Engineers



