Trans. Korean Soc. Mech. Eng. B, Vol. 38, No. 9, pp. 721~729, 2014 721

<st=E=8> DOI http://dx.doi.org/10.3795/KSME-B.2014.38.9.721 ISSN 1226-4881(Print)
2288-5234(Online)

A bl QAR o] Hel s A gPA 29

AN £

* SRlhsha 7] A Al 2R F e, e Suliea jshel 7] A E ek

Thermoeconomic Analysis of Hybrid Desiccant Cooling System Driven by
District Heating

Joon Ahn’, Jaeyool Kim™ and Byung Ha Kang*)r

* School of Mechanical Systems Engineering, Kookmin Univ.
* Dept. of Mechanical Engineering, Graduate School, Kookmin Univ.

(Received January 6, 2014 ; Revised July 9, 2014 ; Accepted July 14, 2014)

M

Key Words: Hybrid Desiccant Cooling System(d}o] H.2]= A5 A28l Economic Analysis(7 Al /4
A1), District Heating(*| <%, Energy Efficiency(9lU A & &)

Z&: Ag o] AAS steln = AFEY Al=FL FET] olyA o]&ags =Y F A AT
AES T i Aedez 49 F s RS A3 slolH = AFWH AlaHe] B
232 Yste] AAN B AAETE V€9 A7) dojzd WHke stHA AV E H]ES H
WwakE Y A7) dojAd s AFEHeR gAslS w dAsE HvF AdS Altele 7 A #A-
ANA T FAAT AFEES 30% oo Y-S dradrt doeH, 1719 Azt 0.079
TOEQ] 12k YA, 0.835 TCO, A7a¥rt A& Aoz FAHATE 202013704 68REA|t o] Al 53
o] Ry¥ittal o33t 463 MW HHUA &7t BAs= oR BA AT olelgh &du84
Zaz, 12k duA 4z 9 2AVtA wlE FAEARE VA e AFEE ASEE 7] olojzie
Hlalo] %7] FAH|Eo] 7o BRaddstE flste] AAg AHo] Hxgo] dasity & =dAs
= 7F4 Hels nEgh AAs REES APgete] AFWE Al2'Y Hgiehs AASEaA}; gkt

Abstract: A hybrid desiccant cooling system (HDCS) that uses a heat pump driven by district heating instead of
a sensible rotor can provide an increased energy efficiency in summer. In this paper, the summer operation
costs and initial costs of both the HDCS and traditional systems are analyzed using annual equal payments, and
national benefits are found from using the HDCS instead of traditional systems. In the analysis results, the
HDCS reduces the operation cost by 30 compared to the traditional systems, and each HDCS unit has 0.079
TOE per year of primary energy savings and 0.835 TCO, per year of CO, emission reduction more than the
traditional systems. If HDCSs were to be installed in 680,000 households by 2020, this would produce a
replacement power effect of 463 MW. Despite this savings effect, HDCSs require a government subsidy before
they can be supplied because the initial cost is higher than that of traditional systems. Thus, this paper
calculates suitable subsidies and suggests a supply method for HDCSs considering the national benefits.
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Fig. 1 Desiccant cooling system; (a) Conventional;
(b) Hybrid system with a heat pump
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Table 1 Cost of air conditioning systems

HDCS SAC
Air. Conditioner
620 278
(10,000 KRW)
Installation
240 15
(10,000 KRW)
Ventilation %0
(10,000 KRW)
Life
10 10
(vear)
Interest rate
3.38 3.38
(%)
Annual cost
102.8 44.6
(10,000 KRW)

Table 2 Specifications of the system

HDCS SAC
Cooli it
ooling capacity . 79
(RT)
Power
1.27 2.0
(kW)
Regeneration heat
5.18 -
(kW)
Chargi fri t
arging refrigeran 0.54 5
(kg)
Power for others . -
0.093 0.295
(kW)

*Power for hot-water circulating pump

k. . .
Power for ventilation
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Table 3 Constant for benefit cost analysis

HDCS SAC
Generating efficiency]  82.6% 40.5%
Heat rate 0.866 -
Usage factor 80%
Average load factor 90%

Avoided generation
) 1,400,000 (KRW) / MW
cos

Carbon emission
2.121 TCO,/TOE
factor

Carbon emission
) as) 779,898 (KRW) / TCO,
trading cost
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Fig. 2 Operation cost according to operating time;
(a) basic electricity usage 312kWh; (b)
basic electricity usage 400kWh
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Table 4 Annual operation cost
Unit HDCS SAC
Basic electricity usage | kWh 312
Operating time hour 100 150 255 370 100 150 255 370
Electricity cost 5 8.8 16.3 30 10.7 17.2 40.8 66.2
Heating cost 10,000 1.8 2.6 4.5 6.5 - - - -
Water cost KRW 1.1 1.7 3.0 4.9 - - - -
Total cost 7.9 13.1 23.8 41.4 10.7 17.2 40.8 66.2
Basic electricity usage | kWh 400
Operating time hour 100 150 255 370 100 150 255 370
Electricity cost 8.3 12.1 26 40.2 16.7 27.7 51 76.5
Heating cost 10,000 1.8 2.6 4.5 6.5 - - - -
Water cost KRW 1.1 1.7 3.0 49 - - - -
Total cost 11.2 16.4 335 51.6 16.7 27.7 51 76.5
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Table 5 Annual primary energy consumption of
cooling systems

HDCS SAC
Reg. heat / year 1137.3 Mcal -
P ti
ower CONSUMmpHOn | 3475 kwh | 586.5 kWh
/ year
Electric output
1,526 kWh 1,766 kWh
/ year
Primary energy input 595 TOE | 0375 TOE
/ year

Table 6 Reduction of CO, emission

reduction of CO, emission

Result from
primary energy
reduction
/ year

0.167 TCO,

Result from
refrigerant
reduction
/ year

0.668 TCO,
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Fig. 5 Sensitivity of annual cooling cost for
power, heat and water tariff
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Table 7 Annual expectation of HDCS installation based on greenhome project’” by the year of 2020
unit 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Electric load for GW 156 | 165 | 171 | 175 | 182 | 191 | 198 | 207 | 214
cooling
Max electricity GW 743 | 789 | 816 | 835 | 869 | 910 | 947 | 986 | 1022
generation capacity
HDCS 1,000
o hovsatod | © 0 16 46 | 624 | 862 | 115 | 1549 | 206
HDCS installation 1,000 0.04 | 004 | 16.04 | 62.04 | 1244 | 2106 | 325.6 | 4805 | 686.5
(accumulation) household
HDCS electric load MW 005 | 005 | 218 | 627 | 85 | 1175 | 156.7 | 2112 | 280.1
for cooling
Replaceenf}ee‘gt power MW 003 | 0.03 | 10.8 | 41.8 | 83.9 | 142.1 | 219.7 | 324.2 | 463.2
Avoided generation | 100,000,000 | 4 | 64 | 1515 | 5859 | 1,175 | 1,989 | 3.075 | 4,538 | 6.484
cost KRW
Greenhome 1.000
installation ’ 1268 | 176.7 | 2476 | 336 | 441.8 | 565.1 | 705.9 | 8642 | 1,040
) household
(accumulation)
HDCS rate (for % 002 | 002 | 64 | 184 | 281 | 372 | 461 | 556 | 660
greenhome)
Reduction of CO, | 100,000,000 | o5 | 006 | 27.1 | 1049 | 2104 | 356 | 5505 | 812.4 | 1.160
emission cost KRW
_ Reduction of 100,000,000 | o5 | 02 | 984 | 380.1 | 763.6 | 1,292 | 1,998 | 2,949 | 4213
primary energy cost KRW
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