Korean Journal of Air-Conditioning and Refrigeration Engineering

Vol. 26, No. 5 (2014), pp.199-205
http://dx.doi.org/10.6110/KJACR.2014.26.5.199

AZRTX| X[HS|EHZE nlo|a=H 2] o] M

|IEA ECBCS Annex 54 AHMAN ZWI} AT
IEA ECBCS Annex 54 Economic Assessment Study of a Fuel Cell Integrated
Ground Source Heat Pump Microgeneration System

U ¢ (Sun-Tk Na)', 234 (Eun-Chul Kang)', )¢ % (Euy-Joon Lee)”
et A gt etal Ao YA gk}, CHael X714 7

'Renewable Energy Engineering, University of Science and Technology, Daejeon 305-350, Republic of Korea

2Energy Efficiency Department, Korea Institute of Energy Research, Daejeon 305-343, Republic of Korea

(Received November 22, 2013; revision received March 10, 2014, Accepted: March 12, 2014)

Abstract The integration of FC (Fuel Cell) and GSHP (Ground Source Heat Pump) hybrid system could produce a synergistic
advantage in thermal and electric way. This study intends to analyse the economical aspect of a FC integrated GSHP hybrid
system compared to the conventional system which is consisted with a boiler and a chiller. Based on the hourly simulation,
the study indicated that GSHP system and FC+GSHP hybrid system could reduce the energy consumption on a building.
The method of the economic assessment has been based on IEA ECBCS Annex 54 Subtask C SPB(Simple Payback) method.
The SPB was calculated using the economic balanced year of the alternative system over the conventional (reference) system.
The SPB of the alternative systems (GSHP and FC+GSHP) with 50% initial incentive was 4.06 and 26.73 year respectively
while the SPB without initial incentive of systems was 10.71 and 57.76 year.
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Table 1 Case studies for modeling

System
Case # - -
Cooling Heating
1 Chiller Boiler
2 GSHP GSHP
GSHP FC+GSHP

Table 2 Load Intensity of the building
unit [kWh/(m” - yr)]

Domestic Hot Water 12.3 7.7%
Space Heating 57.7 36.1%
Space Cooling 43.9 27.5%

Electricity(Non-HVAC) 46.0 28.8%

Total 159.9 100.0%
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Table 3 Simulation Components

Unit Value
Room Thermostat Settings
Thermostat set-point(heating) °C 18
Thermostat set-point(cooling) °C 24
Boiler
Rated boiler capacity kW 60
Boiler efficiency % 0.85
Boiler water temp. set-point °C 82.2
Temperature set-point for heating
coil water ¢ 60
Rated boiler cir. Pump flow kg/hr 700
Rated boiler cir. Pump power W 100
Chiller
Rated chiller capacity RT 7
Chiller water temp. set-point °C 7.2
Rated chiller COP - 3
Rated chiller cir. Pump flow kg/hr 700
Rated chiller cir. Pump power W 100
Main Pump
Rated main pump flow kg/hr 1,400
Rated main pump power w 200
Domestic Hot Water System
DHW consumption L/day 296
DHW storage tank volume L 189
DHW tank temperature control °C 49/46
City(main) water temperature °C 10
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Fig. 1 GSHP heating performance.
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Fig. 2 GSHP cooling performance.
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Table 4 Energy consumption
unit [kWh/(m’ - yr)]

Case 1 Case 2 Case 3

Energy(kWh/yr i
T e ST o
Space Heating NG 29,411 2,608 22427
*DHWHFC  Elec. - 7,130 6,388
Space Cooling  Elec. 10,035 4,372 4,386
Fans 2,544 2693 2,689
Pumps 487 1641 1,554
NonHVAC

—_ . 18,402 18402 18,402
(lighting, equip., etc.)

Electricity Production - - 8,760
Electricity consumption 31,468 34,238 33,419

Net Electricity
consumption

31,468 34,238 24,659

Net Natural Gas 20411 2,608  22.427

consumption
Total(Net) Energy Use 60,879 36,846 47,086
Energy Saving - 24,033 13,793
Energy Saving(%) - 39.48%  22.66%
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Fig. 3 IEA ECBCS annex 54 subtask C economic
evaluation.
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Fig. 4 Regression graph of chiller price.
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Table 5 Electric rates

Classification Energy charge[W/kW]
Summer Spring/fall Winter
SS;?:;ZL) (ull~ (Mar.1~Jun30/ (Nov.l~
Aug.31) Sep.1~Oct.31) Feb.28)
Low-voltage A 102.90 64.10 88.80

Table 6 Natural gas rates

Classification Energy charge[¥/MIJ]
Combined Summer ( Asfilr;i;fa/lloct winter
Heatmg and (Jun—~Sep) P Y (Dec ~Mar)
Cooling ~Nov)
(CHP)-1 19.0591 19.1668 19.9884
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Table 7 Economic analysis result

wAste] AA B7HE sl =9k FITel thafA

FC+GSHPo| A Aalksl= A3 Az-S RPS A AL

Boiler/Chiller GSHP FC+GSHP
unit[W/a] Ref with without with initial incent. without initial incent.
efer. . e
initial incent. initial incent. with FIT without FIT with FIT without FIT
Case 1 Case 2-1 Case 2-1 Case 3-1 Case 3-2 Case 3-3 Case 3-4
Capital 263,323 677,489 1,354,978 1,900,624 1,900,624 3,801,247 3,801,247
Maintenance 413,666 110,779 110,779 310,779 310,779 310,779 310,779
NG 2,144,800 190,189 190,189 1,563,168 1,563,168 1,563,168 1,563,168
Elec.(from grid) 2,479,678 2,697,954 2,697,954 2,633,417 2,633,417 2,633,417 2,633,417
Elec.(to grid) -1,380,576 -694,274 -1,380,576 -694,274
O&M cost 5,038,144 2,998,922 2,998,922 3,126,789 3,813,091 3,126,789 3,813,091

Total 5,301,467 3,676,411 4,353,901 5,027,412 5,713,714 6,928,036 7,614,338
SPB 4.06 10.71 17.13 26.73 37.02 57.76

10,000,000

Capital KWR/yr ESMaintenance
BEE Natural gas E==gElectricity (from grid)
£,000,000 B Electricity (to grid) —i—Total ey 7,614,338
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Fig. 6 Annual cost of the conventional and alternative systems.
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