Trans. of Korean Hydrogen and New Energy Society, Vol. 30, No. 2, 2019, pp. 136~146 KHNES

DOI: https://doi.org/10.7316/KHNES.2019.30.2.136 pISSN 1738-7264 * eISSN 2288-7407

A2 RHX| 7|5t 510|H2|S HSHUAIA A5 2 0flLX| T2 24
0|x-|531 . 0|E§ 7|~Jkl-ﬂ. ”o‘”.‘_'”

'Zoldishin 7| AN AR AR E S} S RoU A7 1S AT, et AT AR ARPAATA

Analysis of Performance and Energy Saving of a SOFC-Based Hybrid
Desiccant Cooling System

JUNGHYUN IN", YULHO LEE', SANGGYU KANG?, SUNGJIN PARK" "

*Power & Energy Science Laboratory, Mechanical Engineering, Hongik University, 94 Wowsan-ro, Mapo-gu, Seoul 04066, Korea
2Korea Institute of Machinery and Materials, 156 Gajeongbuk-ro, Yuseong-gu, Daejeon 34103, Korea

TCorresponding author :
parksj@hongik.ac.kr Abstract >> A solid oxide fuel cell (SOFC) based hybrid desiccant cooling system

_ model is developed to study the effect of fuel utilization rate of the SOFC on the
gz\izgzd ﬁgro”ve;(;?gr' 2018 reduction of energy consumption and CO, emission. The SOFC-based hybrid des-
Accepted 30 April, 2019 iccant cooling system consists of an SOFC system and a Hybrid desiccant cooling

system (HDCS). The SOFC system includes a stack and balance of plant (BOP),
and HDCS. The HDCS consists of desiccant rotor, indirect evaporative cooler,
electric heat pump (EHP), and heat exchangers. In this study, using energy load
data of a commercial office building and SOFC-based HDCS model, the amount
of ton of oil equivalent (TOE) and ton of CO2 (tCO,) are calculated and compared
with the TOE and tCO, generation of the EHP using grid electricity.

Key words : Desiccant cooling(H| & ' 4}), Waste heat of fuel cell(® 2 M X| H Q),
System modeling(A| A8l D& Jdh) Indirect evaporative cooler(Z+H%
Z et W 2t7]), Hybrid desiccant cooling(310| 22| E X & 4 &), Ton of oil
equivalent(A & 8HALE ), Ton of CO, (O AtBHELA Hi & &)

Nomenclature m : Mass flow, ke/s
Q : Thermal power, kW
Cop : Coefficient of performance T : Temperature, C
G : Heat capacity, J/(kg'K) TOE : Ton of oil equivalent, kcal
I : Specific enthalpy, J/kg tCO;, : Ton of CO,, tCO;
h : Time (hour) Wsorc : Power generation of SOFC, kW
M : Water mass in hot water tank Wiael : Low Heat Value of fuel, kW
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Wsaveda  : Electric power saved by Hybrid Desiccant
Cooling System compared to Electric

Heat Pump Cooling System, kW

Greek symbols

€ : Effectiveness

® : Humidity ratio, kg/kg

n : Efficiency

Subscripts

0 : Standard condition

1, 2, etc. : State numbers

cool : Cooling

DR : Desiccant rotor

deh : dehumidification

dew : dew point temperature

elec : Electricity

fuel : Fuel consumption of SOFC
h : Heat exchanger

in . Inlet

out : Outlet

reg : Regeneration

temp : Temperature

water : Water in the hot water storage tank
wb : Wet-bulb temperature
Abbreviation

AFC : Alkaline Fuel Cell

BOP : Balance of Plant

CHP : Combined Heat and Power
EHP : Electric Heat Pump

HDCS  : Hybrid Desiccant Cooling System
HWST : Hot water storage tank
IEC : Indirect Evaporative Cooler
MCFC : Molten Carbonate Fuel Cell
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PAFC
PEMFC
SOFC

: Phosphoric Acid Fuel Cell
: Polymer Electrolyte Membrane Fuel Cell
: Solid Oxide Fuel Cell
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Table 1. System operation condition"

Area fraction deh./reg. 1:1
Desiccant Regeneration temp. 60C
rotor Heat exchange effectiveness 0.409
Dehumidification effectiveness 0.337
Water mass 4,000 kg
Hot water tank -
Water temp. 85-95.5C
Heat exchanger Effectiveness 0.85
Indirect evaporative cooler|  Ext. ratio 0.3
w; 85 W
Fan
M0 0.0676
Refrigerant R134a
Evaporator Evaporating 10C
Heat temp.
um i .
pHmp Condenser Condensing 60C
temp.
Compressor Adiabatic eff. 0.75
Recycling ratio 0.66
SOFC system Stack temp. 809C
Fuel Natural gas
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Table 2. Effect of fuel utilization on performance of 10 kW
SOFC?

Fuel utilization 0.55 0.6 0.65
System power
(W) 10.16 10.46 10.65
Efficiency 0.5474 | 0.5762 | 0.5944
Exhaust gaf temperature 2479 2328 2207
(C)
Fuel flow rate
0.0245 | 0.0231 | 0.0221
(kg/s)
Waste heat
5.087 4.409 3.928
kW)
Table 3. Performance of hybrid desiccant cooling system
Air flow rate (kg/s) 0.279
Cooling capacity (kW) 14.89
Compressor 2.08
Power consumption
(W) Fan 1.00
Total 3.08
Regeneration heat (kW) 12.3
COP 0.968
Power save (kW) 1.88
Power saving rate (%) 37.97

Operation condition: Indoor temp. 27C, Relative hum. 50%
Outdoor temp. 35°C, Relative hum. 40%

Table 4. Effect of fuel utilization on performance of HDCS
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Table 5. Effect of fuel utilization on electric consumption and
residual electricity of commercial office building in Korea'

generated | Electric consumption | Residual
Fuel . ..
stilipation electricity (kWh) electricity
(kWh) | Building | HDCS | (kWh)
0.55 243.84 178.95 23.63 41.26
0.60 251.04 178.95 24.63 47.46
0.65 255.60 178.95 25.36 51.29
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Fig. 7. TOE of both systems at different fuel utilization
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Fig. 8. tCO- of both systems at different fuel utilization
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