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ABSTRACT KEYW ORD
This study investigated the effects of pipe network materials and distance on system performance utilizing unused ~ OI =& 0|4 7(l A,
energy sources in large-scale horticulture facility. For this, the modeling was performed with a 100 m long and 100 m ﬁol f B

wide rectangular shaped glass house having an area of 1ha (10,000m?) using EnergyPlus software. The heat sources EHﬁLE AI R
considered were air source, geothermal heat, power plant waste heat, sea water heat, and river water. The temperature  of L{ X| Z2{ A
variation of the fluid with regard to pipe material and distance from the heat source and the resultant heat pump

electricity consumptions were calculated. It turned out that the fluid temperature reaching the heat pump increased as
the distance from the heat source increased in case of sea water and river water, which have higher temperatures than the

Unused energy sources,
Piping parameters,
Pipe network,

surrounding soil, improving the heat pump efficiency. It was vice versa in case of the power plant waste heat. In Large-scale horticulture facility,
addition, pipe material of PVC showed the smallest effect on the system performance variation due to the lowest ~ EnergyPlus

thermal conductivity, compared to PB and HDPE.

ACCEPTANCE INFO

Received July 15,2014
Final revision received August 14,2014

© 2014 KIEAE Journal Accepted August 18,2014

1. M2

L1 a7 2 52

A AAR R AFF7eh Arglo] AT et co, 59 &4
72 whaTgol Z7beka glov), A7) Wi ewst FEEE 571
SHL Glek. gt sha IR e] RREE ALGO R BhAel A7} 12
51, 247k 37 BhE A7 eust B4 obl5m et 7
H, S uzte] Al o A2 20104 52,000hac] Eokal §loH,

1% oF 30%°l SLSHE 15,600ha 52710] 7h2ste] Ao 22
Alsh Qe TG 2 F71A 2 100ha 729 AR TR £
X9 AZ2 htstan giek. thet 2 A8 Lol 7 2 BAEE A
27 PIARE Mgl ESHE Aok, il 5ot FARH
02 ) AAG 1A E8 F7ks) A4 ] Aearee] 57
2jo] Wolx| 1 Gtk SAN $elvtere] A% el §-2 2008
¥ 71 971 12 4426912000 21T 0.0}, A4 el 4 b
§ol AT B8-S Qs 2B wet s Ag 17 H )

pISSN 2288-968X, eISSN 2288-9698
http://dx.doi.org/10.12813/kieae.2014.14.4.119

&l oF 19~58%2 et F-2& AAskL ik, @A -2t
ol 2] 0] oF 92%= o @] O] =Tt -2 S ol 2] Y-S et
Frehe Bok o Ao 3 Z A Al thA] of g 2] A-8o] Algstrtal
g4 QeP. metA ofo whE it Al Qo] o] A dids
of thgh Aot Aol Hds] B astt Ao difdzet v
stol, Kim"5-2 25t4-5 9o 2 ot A S| EFLE A Y
ol A-gst5ith. BR-5 AH-&stle W LecH]go] +-2du g 2| F
WA AFE 62%, SCWE 2] G A AR-E 72% 0] 7 a vt
o 247F 71%, 82%2] €O, B3HE YEPR At Yoo?'5-2 St &

Z:'_]

%

o]

(

mo

\

=

HEdS EYUo R S| EHLE AU of H-gsto] Hughr] 9]
ole] w2 tdES EAHTE. 1 AT} PE mto]mo] Zo]
LORTY 75m= AA S w7} 717 vht &gk 21 0 2 vretyitt.
T o] WA S A 4(COPh)E= 3.82 -G thu] oF 87%2] Wit
2] vl-g A7 avtet 62%9] co, & AR ATIE YRt Park)<
222}k oy =] 9] REegTL o]§ }% of tigt A5 FPstH e
™, sp o 2|9} sfa=of v 2] 9o BEFS 72} 192,100Tcal/year
7} 27,160Tcal/year & 2 FAFSFA 11, 35%014F 2] o | 2] Aok a v U
26%°173 9] L AEHMNET HARIE Uehd A0 & of| 5ol

}-}l O_L.
_|

=

P

©Copyright Korea Institute of Ecological Architecture and Environment 179



HiZH R S Z0lof E i A[ERIOEX|E 0128 U Al2-el §5 7t

J

ol
ol
R}
e
)
nyd
=
i
1

AZ1A] AL o 2] A S 247 Aol
HrE S| EPZO dYoz A A
H] 80% o] g A
ATt vhA 2 2 Hyun2 5,
2 oE S EHZE ALY
o g oA 2B =Sl AT A
Aol gt 21247} =of 14| ek
B et oflu Al amlef
22| A7t shutel ol disiA Rt
AR e} A e o] Azlel whE E
AF-Eol fi-2olH, 2o mh& A+
PAF= 45 i+t
-§-5t0] 712] e} ol A
AdEYA| 9 A2 ekE Tl

of weh ¥-F 5= oyl 2] 4H]

)

=
)
S
3
o3

do &
2

re
¥ 2
rok

ne ro ng
jur)
N
R}
e
o
ne
1

e,
o
i)
o

T

i

2 ofo ol
=%
ol £
RO
L rlo
ol

B> A

=
)
2
o

!
lo

2

al

ny
ol
QL

rie

=

) u

m &
£

rio,
e
ol
of,
]
>
o
1o
=
)

o,
B
<
=)
ru
o,
e

i

" o

[Raieh
o o

L)
pas
B
2
ng & o|m
o e o ox
r

o
=3
a
> 6
fT
re
-
=2
o
e
2

ne,
ol
=
lu}
u
ne r
B
g
1>
filo
2

>

= ju
ol
ok
38
n
L8

o oo p

ol o9l
ox K

T,

ol

ol

o

2.

)
ko

n

2o}
e
)
lo
o

ul
Bl I “:l

o 2
oo
R
o

Horhom N orhorR o ©ong 2 9 3E A
e
B
_0|L
H
L

o o [
2 o ot

tlo i
%

Mo 2 >
229
o
o g
e
o o=

ol
-

ek rr

e
-
o
oF
oE

2 99

=

ERE ohe =l 2 A2 Fig 13} 2 sl 7tz
100m, Al 2 100m 7+12.9] thf I A Y] S EnergyPlus= 22 & 5f
F.om, 714 0] Bl EnergyPlusol A Al F-shH= Q13 714 Hlo]HE
At Ald Yol 485t Eho2E FIE, sl+E, opd 4
d, FH4 2, A DS ARSIt B ASL =7 M 3
dS diud= Jopglon, 24 HapRE Piped] Aot Ad = 4
Sttt W49 Hstol mhet HEEE 2= ES Slsot & A
oA A-g7 Aol S|EH Lof| 2§ H S uf] W7 AnFo Mot
ASH T ot A diqt i Al Yoo A dutA o 2 ARgSH=
ZtAR A diE] ofvx] AES mofshal, dYEgA =R E
A Z7tel whet ME s e 2 E-E gelskl

Theoretical consideration

® Research background and purpose
® Analysis of previous study
® Method of research and scope

Applicative Unused energy reserve

Outdoor air
Sea water
River water

Power plant waste heat
Geothermal

EnergyPlus Simulation
.

Modeling of common size of
glass house
® Use of weather data from
EnergyPlus weather data center ‘
® Setpoint for cooling, heating
and hot water temperature
@ Application of Four Pipe
\ FanCoilUnit System

Convective heat transfer ‘

Qutlet temperature for varying pipe length

Qutlet temperature for different material of pipe
Electrical energy consumption for varying pipe length
Electrical energy consumption for different pipe
material

Comparison of temperature and load pattern of heat
source according to pipe length and material

Figure 1. Study flow chart
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Figure 2. Simulated model
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Table 1. Analysis Conditions
Fixed Value

EnergyPlus v.6.0
100(m) x 100(m)
4Pipe Fan Coil System
LA 40.8(mm) Thickness 4.6(mm)

Program
Modeling Size
Model System
Pipe Diameter

Soil Thermal Conductivity(k) 2.50 (W/mK)
Cooling/Heating Setpoint(°C) Day : 23°C / Night : 11°C
Discharge Air Temperature 16.0~24.3°C

of the FCU(°C)

Hot Water Temperature
Supplied to the FCU(°C)

Year-round 40°C

Date 2013, December, 15
Variable Value
Distance Okm, lkm, 2km, 3km, 4km, Skm
Pipe Material(k) HORE = Jos2
(Thermal Conductivity) PVC = o2

Table 2. The iron frame physical properties applied to the simulation

Width 5.6cm
Thermal conductivity 58W/m’
Density 7,850kg/m’
Specific heat 4,65j/kgK
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4. Simulation Analysis
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Table 3. Average outlet temperature of each heat source according
to material and Distance (TC)

Material | Distance sofri:e \SS; " \Iili;/tzrr Pv?/;‘::; Elee;rtlt Geothermal
Base Om -6.35 | 0.56 10.00 20.00 11.91
lkm | -635 | 2.86 10.39 1837 11.91
2km | -635 | 4.69 10.69 17.06 11.91
HDPE 3km -635 | 6.15 10.94 16.02 11.91
4km -6.35 7.31 11.14 15.17 11.91
Skm -6.35 | 824 11.29 14.53 11.91
lIkm | -635 | 2.20 10.28 18.83 11.91
2km | -635 | 3.61 10.51 17.83 11.91
PB 3km | -635 | 4.81 10.71 16.97 11.91
4km -6.35 | 5.84 10.89 16.24 11.91
Skm -6.35 | 6.71 11.04 15.62 11.91
1km -6.35 1.73 10.20 19.17 11.91
2km | -6.35 | 2.77 10.37 18.42 11.91
PVC 3km | -635 | 3.71 10.53 17.76 11.91
4km | -635 | 455 10.67 17.16 11.91
Skm -6.35 | 531 10.80 16.62 11.91
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Figure 3. Average COP on the representative day for each heat
source according to distance (HDPE)
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Figure 4. Average COP on the representative day for each heat
source according to distance (PB)
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Figure 5. Average COP on the representative day for each heat
source according to distance (PVC)
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Figure 6. Accumulated electricity and gas consumption on the
representative day for each heat source according to the pipe
distance (HDPE)

Table 4. Accumulated electricity and gas consumption on the
representative day for each heat source according to the pipe
material (HDPE)

WHT | ouree | Water | Water | wase hear | Ocothermal | Boiler
Okm | 790.8 | 691.0 | 569.2 462.0 546.9 3063.4
lkm | 790.8 | 659.7 | 564.6 478.0 546.9 3063.4
g 2km | 790.8 | 635.5 | 561.0 491.1 546.9 3063.4
]}; 3km | 790.8 | 616.7 | 558.1 501.9 546.9 3063.4
4km | 790.8 | 601.9 | 555.8 510.7 546.9 3063.4
Skm | 790.8 | 590.4 | 554.1 517.8 546.9 3063.4
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Figure 7. Accumulated electricity and gas consumption on the
representative day for each heat source according to the pipe
distance (PB)
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Table 5. Accumulated electricity and gas consumption on the
representative day for each heat source according to the pipe
material (PB)

W | Gouree | Water | Water | waste heat | Oothermal | Boilr
Okm | 790.8 | 691.4 | 569.2 462.0 546.9 3063.4
lkm | 790.8 | 668.6 | 565.9 4734 546.9 3063.4
p | 2km | 790.8 | 649.7 | 563.1 4833 546.9 3063.4
B | 3km | 7908 | 633.9 | 560.7 492.0 546.9 3063.4
4km | 790.8 | 620.6 | 558.7 499.6 546.9 3063.4
Skm | 790.8 | 609.5 | 557.0 506.2 546.9 3063.4
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Figure 8. Accumulated electricity and gas consumption on the
representative day for each heat source according to the pipe
distance (PVC)

Table 6. Accumulated electricity and gas
representative day for each heat
material (PVC)

the
source according to the pipe

consumption on

Whi | O | Water | Water | waste beat | Geothermal | Boilr
Okm | 790.8 | 691.0 | 569.2 462.0 546.9 3063.4
lkm | 790.8 | 675.0 | 566.9 470.0 546.9 3063.4

P | 2km | 790.8 | 660.9 | 564.8 4774 546.9 3063.4

X 3km | 790.8 | 6484 | 562.9 484.1 546.9 3063.4
4km | 790.8 | 637.3 | 561.3 490.2 546.9 3063.4
Skm | 790.8 | 627.4 | 559.8 495.7 546.9 3063.4
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Figure 9. Daily average electricity and gas consumption per unit
area according to the distance and material
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Table. 7 Average outlet temperature of geothermal and power plant waste heat source according to distance in the pipe (C)

lkm | 2km | 3km | 4km | Skm | 6km | 7km | 8m | Okm | 10km | 1lkm | 12km | 13km | I4km | 15km

Geothermal Mo | 19 | 1o | 1o | no | o[ 1o o [ 1o no | 1o | no | 119 | 119 | 119

HDPE | 184 | 17.1 | 160 | 152 | 145 | 140 | 136 | 132 | 130 | 127 | 126 | 124 | 123 | 122 | 122

Power Plant o0 ™0 e 1178 [ 170 | 162 | 156 | 151 | 146 | 142 | 139 | 136 | 134 | 132 | 128 | 128 | 127
waste heat

PVC | 192 | 184 | 178 | 172 | 166 | 161 | 157 | 153 | 150 | 146 | 144 | 141 | 139 | 137 | 135
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