An| =iy Al 229 A 12 3.(2010)/pp. 859-866 859

Optimizing the Life Cycle Cost of a Solar Water Heating System
in an Office Building Through Simulation

Myeong-Jin Ko, Doo-Sung Choi’, Jae D Chang"’, Yong-Shik Kim'
Department of Architectural Engineering, University of Incheon, Incheon 406-772, Korea
*Dept. of Building Equip. and Fire Protection System, Chungwoon University, Hongseong 350-701, Korea
“School of Architecture, Design and Planning, University of Kansas, Lawrence 66045-7614, USA

(Received September 15, 2010; revision received October 14, 2010)

ABSTRACT: This study examined the economics of a solar water heating system for an office
building using life cycle cost (LCC) optimization simulations. The numerical simulations were con-
ducted with TRNSYS and GenOpt employing the Hooke-Jeeves algorithm. The solar collector area,
slope, mass flow rate per collector area and storage tank volume were selected as the main design
parameters of the solar water heating system. The LCC optimization simulations of the system
were carried out for cases where water temperature was 60C and 50C. The results showed that
for water temperature at 60C and 50C the collector area could be decreased by 17% and 28%,
storage tank volume could be decreased by 49% and 54%, and mass flow rate per collector area
increased by 5% and 9% respectively compared to a non-optimized system. The LCC of the system
was reduced by 4% for 60°C and 7% for 50°C. The initial installation cost of the system was reduced
by 24% for 60C and 34% for 50°C. However, the operating cost of the system increased by 16%
for 60C and 36% for 50C compared to a traditional solar water heating system.

Key words: Office building(AH+4> 7 &), Solar water heating system(E]¥d F 8 A ~H), Life
cycle cost(Aol57]11]4), Optimization simulation(Z &3} A & #o]A)
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Fig. 3 Monthly hot water draw.
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Fig. 1 Profile of weekday hot water draw.
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Fig. 4 Monthly city water temperature.

Fig. 2 Profile of monthly hot water draw.
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Table 1 Basis solar water heating system

specification
Parameter Specification

Fr(ra) 0.793

FoU; 5.1758

Area 2 m'/ea
Collector Unit 100ea

Azimuth 0°

Slope 40°

Flowrate 0.018 kg/m's

Type Vertical cylinder

Capacity 15 m
Storage Loss 2.0 W/mK
Tank
Volume Height 3.6 m

Inlet 0.2 m

Outlet 1.8 m

Type Digital difference
Control temperature control
Module A'Ton 10T

AToff 2T
Auxiliary Type Master/Slave
Heater Capacity 175 kW
Heat Effectiveness 0.82
Exchanger Flow rate 12.960 kg/hr
Solar Loop Efficiency 0.5
Pump Power 3 kW
Storage Loop Efficiency 0.5
Pump Power 11 kW
Solar Loop Density 1,024 kg/m’
Fluid Specific heat 3.823 kJ/kgK
Storage Loop Density 1,000 kg/m’
Fluid Specific heat 4.190 kJ/keK
= — g
e > |

o g

= B

TRNOPT Optirization Vasisbles Desived Constants qua

o

Fig. 6 Configuration of basis solar water
heating system in TRNSYS program.
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3. YA FEAARIS LCC =HE AlE Table 2 Variables setup of LCC analysis
g ol M Variables Value
Interest rate 6.41%
3.1 LCC = Az} AlEHo|M 7l Inflation rate 3.16%
Real discount rate 3.15%
2 ATel A HFdFEA = HAg 542 3 Service life 20year
Eo] FEE sl S5}y 9% R AA A Al A Energy cost Electric” _ 68.9 Won/kWh
9 ks Rolth Axwle] A1 stel BAsA Natural gas  778.28 won/n
= Optilib¥} GenOptEe¥ 2& st AT E9 o] Note) ) Date of application 2009, 6. 27.
7} A g Ee] glow, oo A= TRNSYS " Date of application 2010, 7. 1.
9} GenOpt AlE#olA Tz ame] %3+S nigro ,
2 Hooke Jeevestl & o] 4-ahe] o) oel 5 84| 2=) P = Copt Cpp+ (Cppt Cyg) F =1 )
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Table 3 Variables setup of basis solar
water heating system optimization

Variables Initial Minimum Maximum Step

value value value  value

Collectors 200 100 300 1.00
Area [m] [m] [m’'] ’

Collectors 40 0 90

Slope  [°] [°] e L0

Collector 64.8 36.0 108.0 0.01
Flow rate [kg/hrm’] [kg/hrm’] [kg/hrm’]

Tank 15 5 30 0.01
Volume [m'] [m’] [m’] '

n 132

4131

4130

1129

1128

4127

LCC (million won)

Parameter variation

—2— Collector Area
—0o— Collector Slope
—O0— Collector Flowrate
0.5 - 9= Tank Volume
—e— LCC

04 L H i i i i i i il 104

06 126

L 4125

0 50 100 150 200 250 300 350 400

Simulation number
Fig. 7 LCC optimization results of basis solar
water heating system for hot water
load temperature of 60C.
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Table 4 Variables variation according to the

optimization
. Basis LCC Optimization
Variables - -
system  Tset 60C Tset 50C
Collectors 166.75 m' 14450 m
200 m’
Area -17% -28%
Collectors o 43.00° 46.13°
40
Slope 8% 15%
Collector 648  61.28 kg/hrm’ 58.81 kg/hrm’
Flow rate keg/hrm’ -5% ~99%
Tank 766 m 6.92 m’
15 m’
Volume -49% -54%
1.3 T T T T T T T T T T T — 107

12}
11t
10 4
09} & i ————— 4103
osl ¥
07t

Parameter variation
LCC (million won)

0.6

—&— Collector Area

—o— Collector Slope

0.5 5 Coliector Flowrate

04 Y Tank Volume

—e— LCC

0.3+ t . . t . . . t . t = 97
0 50 100 150 200 250 300 350 400 450 500 550

Simulation number
Fig. 8 LCC optimization results of basis solar
water heating system for hot water
load temperature of 50C.
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Table 5 LCC results of solar water heating system according to LCC optimization
(Unit : won)
Investment costs Operation costs LCC
System type Storage . Auxiliary ) (service life :
Collectors tank semi total Pumps heater  Semi total 20years)
Basis system 10500 000 15621974 64,121,974 3879697 62746655 66626352 130,748,326
(Tset 60C)
Optimization
system 40,436,875 8,156,460 48593,335 4,175,593 73,323,801 77,499,394 126,092,729
(Tset 60TC)
Basis system 0500000 15,621,974 64,121,974 3,879,697 36744467 40,624,164 104,746,138
(Tset 50C)
Optimization
system 35.041.250 7,403,806 42445056 4,336,173 50,889,827 55,226,000 97,671,056
(Tset 50C)
B r/moloy, 4746 4/m 4 R A8 4/ mE e Z+hE W4 E 4] Wl EAd T merd
Wslelo] Hojdos & A4S B T IS & 5 drh ofgH, LCC A sl &
AAWMG] WeE LCC nl§2o] whE AHEA
322 LCC #35t ol gt AAMI2] W7t Al 2~"le] oA g & 5
|28 9) Lee A4 5o o)@ 47 of WXt el PalAl WE] AR s
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