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An optimal control method of ice-storage air conditioning based on

sequential reduction in direct cooling cost

ZHANG Yongjun, LI Qilin , HUANG Jianang

(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: Among optimal control methods of ice-storage air conditioning, control methods based on intelligent optimi-
zation algorithms are complicated to solve and lack of feasibility, and common engineering control methods are of poor
economic benefit. To solve the above problems. in this paper, the mathematical model of the ice-storage air condi-
tioning optimal operation is built, in which the capacities of operation patterns and ice-storage capacity are constraint
conditions, and the minimum daily operation cost is the objective function. Then, an optimal control method based on
the sequential reduction in direct cooling cost is proposed. Periods of storing or melting ice can be planned according
to the arrangement of electricity price and direct cooling cost. Through several iterative computations, an optimal so-
lution can be found. The proposed control method is of certain reliability by making a comparison with the optimal re-
sult obtained by GAMS. Compared with common engineering control methods, the proposed method has good feasi-
bility and economical efficiency.
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Figure 1 Common operation patterns of

ice-storage air conditioning
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Figure 2 Flow chart of the proposed control method
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Table 1 The electricity price in this area
LA e iy 1) HAN/(OC/ (kW = h))
it 23:00—06:00 0.32
06:00—08:00
- U 12:00—13:00 0.76
17:00—23:00
08:00-—09:00
_ 11:00—12:00 123
13:00—14:00
15:00—17.:00
it 09:00—11:00 134
14:00—15:00
T2 kEFEAZTFAKRB LG IRNAA
Table 2 The prediction of ice— storage air conditioning
cooling load of the next day kW « h
i B % B ik B % fupg ik B ¥t
1 0 9 1746 17 1837
2 0 10 1 960 18 1135
3 0 11 2 054 19 1074
4 0 12 2 238 20 958
5 0 13 1653 21 0
6 0 14 2 168 22 0
7 0 15 2 214 23 0
8 0 16 2272 24 0

RI BHEABKAER

Table 3 Direct cooling cost in each period 7T

A B sole] i B sole] i B solt]
1 0.0 9 511.3 17 538.0
2 0.0 10 625.3 18 205. 4
3 0.0 11 655. 3 19 194. 3
4 0.0 12 655. 4 20 173.4
5 0.0 13 299.1 21 0.0
6 0.0 14 634.9 22 0.0
7 0.0 15 706. 4 23 0.0
8 0.0 16 665. 4 24 0.0
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Figure 3 Trend of the operation cost for the whole day
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Table 4 Cooling distribution of each operation pattern

in the optimization result

qale]/ gmlt]/ qilt]/ s7Le]/

e Bt .

(kW « h) (kW « h) (kW « h) Jo
1 0 0 1 400 160.0
2 0 0 1 400 160.0
3 0 0 1 400 160.0
1 0 0 1400 160.0
5 0 0 1 400 160. 0
6 0 0 1 400 160. 0
7 0 0 0 0.0
8 0 0 0 0.0
9 1199 547 0 367.0
10 660 1 300 0 251.6
11 754 1 300 0 281.6
12 938 1 300 0 312.3
13 1500 153 0 274.2
14 868 1 300 0 291.8
15 914 1 300 0 332.6
16 972 1 300 0 322.3
17 537 1 300 0 194.9
18 1135 0 0 205. 4
19 1074 0 0 194. 3
20 958 0 0 173. 4
21 0 0 0 0.0
22 0 0 0 0.0
23 0 0 0 0.0
24 0 0 1 400 160.0
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Table 5 Cooling distribution of each operation

pattern obtained by GAMS

qalzl/ qml2]/ qilt1/ stLe]/

i B .

(kW « h) (kW « h) (kW « h) JG
1 0 0 1 400 160. 0
2 0 0 1 400 160. 0
3 0 0 1 400 160. 0
4 0 0 1 400 160. 0
5 0 0 1 400 160. 0
6 0 0 1 400 160. 0
7 0 0 0 0.0
8 0 0 0 0.0
9 446 1 300 0 168. 2
10 660 1 300 0 251.6
11 754 1 300 0 281. 6
12 938 1 300 0 312.3
13 1 500 153 0 274.2
14 868 1 300 0 291.8
15 914 1 300 0 332.6
16 972 1 300 0 322.3
17 1 290 547 0 393.6
18 1135 0 0 205.4
19 1074 0 0 194.3
20 958 0 0 173. 4
21 0 0 0 0.0
22 0 0 0 0.0
23 0 0 0 0.0
24 0 0 1 400 160. 0
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Figure 4 Cooling distribution of each operation

pattern on the strategy of direct cooling first
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Figure 5 Cooling distribution of each operation pattern

on the strategy of ice-melting cooling first
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