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Abstract

Korea government published renewable energy obligation policy that public building must be
supplied some part of total consumption energy (2019: 27%, 2020: 30%). RETScreen is freely
available global energy tool that developed by Canadian National Energy Laboratory to
quantify energy saving to compare conventional system. This program can be performed energy
modeling, cost analysis, greenhouse gas emission analysis and financial analysis. In this study,
GSHP (Ground source heat pump) heating and cooling system were studied for the energy
deliverly and ROI (Return On Investment) in an office building. Three cases were studied
according to the number of HP (Heat pump) units for the 1,000m* office building located in
Daejeon. Results indicated that the energy delivery of the case 1 (1 HP unit) covered 57% of the
office building heating and cooling energy consumption. The case 2 (2 HP units) covered 87.8%
and the case 3 (3 HP units) covered 96.8% of the office building energy consumption. The ROI
of the case 1 indicated 7.9 years. While 8.2 years for the case 2 and 9.7 years for the case 3.

Keywords: 4171l 2] (Renewable energy), 53 ©UX](Energy delivered), FA=2E
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RE resources in site analysis
RE Resource RE system energy production analysis
Analysis Conventional VS RE system energy production comparison
i
analysis )
~

RE facility initial/operating/maintain cost analysis

RE Cost Conventional VS RE system energy consumption

Analysis comparison analysis

Conventional VS RE system initial cost comparison analysis )

GHG emission analysis in conventional stem A
GHG emission analysis in conventional system
GHG Reduction GHG emission analysis in RE system
Analysis Conventional VS RE system GHG emission comparison
analysis
2k J

RE economic analysis

= RE system energy production comparison analysis to conventional system
= RE system GHG emission comparison analysis to conventional system
= RE system life cycle cost comparison analysis to conventional system

Fig. 1 RETScreen program modeling concept
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Table 1 Site, building and system information

Parameters Value Unit Remarks

Site/Location Daejon - -

Heating/Cooling -9.1/31.3 T RETScreen

Design temperature - - DB

Building type Office - >
Floor area 1000 m’ -
Heating/Cooling load 60/40 W/m? -
Base case Boiler/Chiller - -
Boiler efficiency 88 % -
Chiller COP 3.0 - -

Proposed case GHSP - DO054VLH
Heat pump capacity 12.2 (H)/15.2 (C) kW/Unit -
Heat pump COP 3.3 (H)y/4.1 (C) - -
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Table 2 Ground heat exchanger information

Ground heat exchanger

Type Vertical closed loop
Design criteria Cooling
Land area m’ 146
Layout Standard
Borehole length m 592

RETScreen 2|2 S|EHZ 241 242 493 o) Last A1) go] Balo] KH. Lee et alle A28 4
2] G kWel nte 7142 A2 02 S715h AL ARISIATY. B Aol 29 SIEH A2
AAHG-S LW 1,500 B10 2 skl Beleie} ool e ArlAe mefste] Bae kW 30 19
oflel kW 200 L0 2 Astgick, 1wl 7]et Fral -0 2 4,000 AL skt ARvIEL A
A7R0] AS FHEARA Ao PR E B85l GIF oF 17 AUOE AVslen’, ArlaFe

KWhet oF 105 9102 @234 Ealolx|ol A 2g w—m@
LA} B Qaltalol 17] ] AR Ak MRS T 2 1St S 7] 4

Table 3 Cost and emission information

Information Parameter Value Unit Remarks
GSHP 1,500,000 KRW/KW -
Boiler 30,000 KRW/KW -
Chiller 200,000 KRW/KW -
Other 4,000,000 KRW -
Cost Natural gas 1758.23 KRW/GJ City gas
Electricity 105.7 KRW/kWh KEPCO
Fuel 3 Ylyear -
Escalation rate - -
Inflation rate 2 Ylyear -
Project life 25 year -
Coal and oil 44.7 - -
Fuel mix in Korea Nuclear 268 ) ]
Natural gas 222 - -
Other 6.3 - -
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Table 42 B AFLo|A 745 2|d S|EHI A| A AL tj4o] T2 Case™ AH] RS HolZ 71 Qi)

Case 12 Z|9 S|EHI {4 1HHE A-83t Au|=4 T 85 12.2 kW, 3 -85 15.2 kW= A5
Case 2= A€ S|EHI {4l 2thE 2-8ato] i 855 24.4 kW, Fi 855 30.4 kW= AAISHIT). Case 32
2| S|EHI {4 S &-8oto] vhil -85F 36.6 kW, W -85F 45.6 kKW= AAIsH3Act.

Table 4 GSHP system heating/cooling capacity

Case Case 1 Case 2 Case 3
Heating Capacity [kW] 12.2 24.4 36.6
Cooling Capacity [kW] 152 304 45.6

Table 5= Case'#2 A7 b Ui 7] Bg< LA Fitolek, 7Bl dPdslis A7 bk ofuiz] ALg

12 124 MWhol 9t Case 12 9I7F 61 MWhe] 1hg ol 215 AJatatglon], A b o] ARgate]
49,292 FPe 202 ettt Case 2 A7F98 MWhe] i o212 AT, 4] i o]
0[] 79.0%2 B8kt Case 32 A7 117 MWhe] b ol|Lj 21 AL}, 4] vt ofluj7] e
o] 94.4%% ZF3HAr

Table 5 GSHP system heating energy delivered

Case Net heating Case 1 Case 2 Case 3
Heating delivered [MWh] 124 61 98 117
Heating energy supply rete [%] 100.0 49.2 79.0 94.4
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Table 6 GSHP system heating/cooling capacity
Case Net heating Case 1 Case 2 Case 3
Cooling delivered [MWh] 97 65 96 97
Cooling energy supply rete [%] 100.0 67.0 99.0 100

120.0
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Fig. 2 GSHP system energy supply rate
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Table 7 GSHP system total energy delivered

Total net energy [MWh]  GSHP energy delivered [MWh]

Case Total net energy [MWh] Energy supply rate [%
Heating Cooling Heating Cooling eyl ] 8Y SUPPY Ll
Case 1 61 65 126 57.0
Case 2 124 97 98 96 194 87.8
Case 3 117 97 214 96.8
96.8
100.0
87.8
0.0 |
X g0 |
L]
® 700
57.0
—E 60.0 - |
o
@ 500
3
= 400 1 _|
c
Y 300
5
2 200 =
100
0.0 1"/ T T T |’/'
Load Casel Case2 Case 3

Fig. 3 GSHP system total energy supply rate
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Table 8 GSHP system cost & ROI results

Case Initial cost [KRW] Annual cost [KRW] Annual life cycle savings [KRW] ROI [Year] GHG emission reduction [tCO,]

Case 1 33,200,000 8,928,181 4,229,664 7.9 9.1
Case 2 53,090,000 7,023,161 6,295,637 8.2 13.2
Case 3 73,255,000 6,233,032 6,675,907 9.7 14.1
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