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The Study on the Optimal Operation Strategies
for Central Cooling System Considering Energy Cost
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Abstract

For a central cooling system of a medical facility composed of absorption chiller and screw chiller,
the study was conducted on how to minimize the energy cost. In consideration of the energy cost, the
optimal operation method in which the operation method of the heat source is changed according to
the size of the cooling load was derived through simulation analysis. When applying the optimal
operation method, the indoor environment, energy consumption, and energy cost were analyzed and

compared with the reference operation method.
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Fig. 1. Simulation model of subject building.

Chilled Water Loop + Condenser Loop

Fig. 2. Flow diagram of central cooling system in subject
building.
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Table 1. Specification of Chillers

Cooling Steam
Description Quantity  capacity ~ Consumption
(MW) (kg/h)
1 AbChiller 2 1.97 2,464
2 SChiller 1 0.36 -
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Table 2. Specification of Boiler
. Rated-output Pressure Fuel-consumption .
Quantity (ke/h) (MPa) (Nm®h) Fuel Rated-efficiency
2 5,000 0.49 420 LNG 95

Table 3. Specification of Pump

Table 5. U-value of Constructions

Power
_r Quan Flow-rate .
Description . . consumption
ity (¢ /min) (kW)
1 Pump (AbChiller) 3 6.000 55
2 Pump (SChiller) 2 1,100 15
3 Pump (CT-3.63MW) 3 10,400 75
4  Pump (CT-0.54MW) 2 1,650 11
Table 4. Specification of Cooling tower
Capaci Flow-rate  Condenser
pacity Quantity  (air) water flow-rate
MW) 3 )
(m’/min) (¢ /min)
1 3.63 (AbChiller) 2 1,342 10,400
2 0.54 (SChiller) 1 1,078 1,625
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Description U-Value(W/n?-K)
Wall 0.584
Roof 0.447
Floor 3413
Window 4.0
Table 6. Limit of MBE and CVRMSE
o Monthly Limit Hourly Limit
Description %) %)
MBE +5 10
CVRMSE 10 30
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Fig. 3. Operation methods in summer.
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Table 7. A Comparison of energy cost per unit capacity of AbChiller and SChiller

Energy cost per unit capacity (KRW/kW)

Time Period Type

Apr. May Jun. Jul. Aug. Sep.
AbChiller 105.1 69.8 69.8 69.8 69.8 69.8

Off-peak load .
SChiller 15.6 15.6 15.6 15.6 15.6 15.6
AbChiller 106.6 712 73.2 732 732 71.2

Mid-load .
SChiller 21.8 21.8 30.2 30.2 30.2 21.8
AbChiller 108.7 733 78.7 78.7 78.7 733

Peak-load .
SChiller 30.3 303 53.0 53.0 53.0 30.3
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Fig. 4. Change characteristics of indoor air temperature
and cooling load. (low load)
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Fig. 5. Change characteristics of indoor air temperature
and cooling load. (high load)

Table 8. Indoor air temperature for operation methods

Indoor air temperature(C)

Case Load -

Avg. Max. Min
Low load 239 243 233

Case 1 .
High load 238 244 234
Low load 245 255 23.8

Case 2 .
High load 25.1 26.7 24.0
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Fig. 6. Change characteristics of chilled water temperature.
(low load)
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Fig. 7. Change characteristics of chilled water temperature.
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Fig. 8. Energy consumption and energy savings for each
operation method.
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Fig. 9. Energy cost and energy savings for each operation
method.
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Table 9. Monthly energy consumption for each control method

Electricity(MWh) Gas(MWh) Total energy(MWh)
Reference  Optimal Reduction Reference Optimal Reduction Reference Optimal  Reduction
Apr. 435 360 17.2% 321 242 24.6% 756 602 20.4%
May 453 381 15.8% 414 326 21.4% 867 707 18.5%
Jun. 450 404 10.3% 558 458 17.8% 1,008 862 14.5%
Jul. 488 488 0.0% 801 803 -0.3% 1,288 1,291 -0.2%
Aug. 493 493 0.0% 806 805 0.1% 1,299 1,298 0.1%
Sep. 441 389 11.8% 504 407 19.2% 945 796 15.8%
Total 2,760 2,515 8.9% 3,403 3,041 10.6% 6,163 5,556 9.9%
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Table 10. Monthly energy cost for each control method

Electricity(10,000KRW) Gas(10,000KRW) Total energy(10,000KRW)
Reference  Optimal  Reduction Reference Optimal Reduction Reference Optimal Reduction
Apr. 3,424 2,989 12.7% 1,805 1,361 24.6% 5,229 4,349 16.8%
May 3,572 3,158 11.6% 2,327 1,829 21.4% 5,899 4,987 15.5%
Jun. 5,104 4,830 5.4% 3,135 2,575 17.8% 8,239 7,405 10.1%
Jul. 5,549 5,551 0.0% 4,497 4,511 -0.3% 10,046 10,062 -0.2%
Aug. 5,613 5,613 0.0% 4,528 4,523 0.1% 10,141 10,136 0.0%
Sep. 3,479 3,179 8.6% 2,830 2,286 19.2% 6,309 5,466 13.4%
Total 26,742 25,320 5.3% 19,121 17,086 10.6% 45,863 42,405 7.5%
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