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Equipment energy-saving optimization method for central air-conditioning
chilled water system
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Abstract; Due to the high-energy consumption of chilled water system in the central air-conditioning and the
difficulty in dynamic adjustment for system equipment parameters with load changes, an adaptive parallel artificial
immune algorithm combined with exhaustive method ( EM-APAIA) was proposed to optimize equipment operating
parameters under different loads, so as to reduce the operation energy consumption of chilled water system. First,
the power consumption model of each piece of equipment in the system was established, and the minimum power
consumption of all the equipment was taken as the optimal control objective of the chilled water system. Then, EM-
APATA was used to optimize the operation parameters of the chilled water supply temperature, the number of chilled
water pumps, and the speed ratio. In the algorithm, the initialization method, migration operator, and mutation
probability were improved, and the exhaustive method mechanism was introduced, enhancing its ability to optimize
the equipment operating parameters for the chilled water system. Finally, a simulation experiment was carried out
on an actual chilled water system of central air-conditioning. Results show that compared with the conventional
setting, the total energy consumption of the system was reduced by 14. 8% after its equipment operating parameters
were optimized by EM-APAIA. The algorithm not only achieved better control strategy than the comparison
algorithms , but also exhibited fast convergence speed and strong stability, which can be better applied to the control
optimization of the equipment in central air-conditioning chilled water system.
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Fig. 1  Chilled water circulation system
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Fig.3  Optimization process of chilled water pump
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Tab.1 Rated parameters of system equipment
N BURKEE
WO AEIEAY  HARAY SRR (b REAR AR (e b)) IRAW
3 340.5 1934 240 ~380 4 280 74

R2 RESHIHAN MR
Tab.2  Performance indexes for equipment parameter identification
L R
RMSE R? DC

SIS
RMSE R? DC

Zh R 0.8138 0.9972 0.9971 0.5104 0.9552 0.9553
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Tab.3 Performance parameters of system equipment
B AR PERESHL
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Tab.4 Comparison of optimal results of EM-APAIA under different parameter settings

N TR (5 222 kW) Hfifimi R (3 481 kW) i R (2 320 kW)
: 1 Max Min Mean Max Min Mean Max Min Mean
5 10 5 1 185.96 1 185.88 1 185.91 742.28 742.03 742.17 523.17 523.11 523.15
5 15 5 1185.87 1185.87 1185.87 742.03 742.03 742.03 523.10 523.10 523.10
5 20 5 1185.93 1 185.89 1 185.90 742.91 742.18 742.23 523.22 523.18 523.19
4 10 4 1 185.97 1185.92 1 185.95 742.12 742.10 742.11 523.15 523.10 523.12
4 15 4 1 185.94 1 185.87 1 185.88 743.15 742.09 743.03 523.33 523.15 523.27
4 20 4 1 185.99 1185.93 1 185.95 742.57 742.03 742.17 523.18 523.12 523.15
3 20 4 1 185.93 1 185.88 1 185.90 742.15 742.07 742.11 524.21 524.10 524.17
4 20 5 1185.93 1185.87 1185.91 743.21 742.15 743.09 523.78 523.53 523.62
5 20 3 1 185.96 1 185.93 1 185.95 742.17 742.03 742.13 523.18 523.12 523.16
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Tab.5 Parameter settings of EM-APAIA

iR | I
maxgen RIS AN/ € 30
z TS IETTUKK 5
sizepop BB 100
N, SRR 15
q 7 HE LS 5
ky AR SRR R B 1 0.8
ky 75 R e 2 0.6
ks AR TR R R L3 5.0

BB Rl A SR AR AL, B KR 58 i T
409:00 -21:00, K1 #3725 I £ 8 R Al ks 17
773,08 :00 JFRfEFTHe . ASCRIILRT 2019 4F
8 H 10 H 52 PR g i 67 fp B4l 11 O S 96 T 0 A7 5
PEHE . ARSI T T, REREIASE
fHILF 6, M3 6 A, 7EB A e 28 0% R OK 3
GLatT N, R UK R R 4ER: 2 580% 3 5
BELLEAT I FARE A TIBAT G EON T (B
FrIAIE], AR AAEAS R K SIS A T L, AT



- 148 - Mok O Tl K% F R

5 54 &

B PRV R 7K R G0 i PR 2506 12 RGBT RYEOK

A Z 5 v VK R G451 U RERE S HEALIC
BT BYGERSEAT OB, A5 e AR HLAL v K R
A 2T REAEXT LA, I 5.6 . I
ATLAFE Y ACAR S Ve ZK MILZE AR AN ] i 220 B REFEAH L
TACRTEEAR AL T T B s H 18] 6 n 3, v vk
FAERZHUE LU T W REFEAR L T I0 AL AT 404 fr |
Tho SGR T AT SR K RGESRREFEXS L1
LA BRI v VROK A REREA BT LT (H%
HK RGNS BARREREIAL T T B % 2N
o GV UK MKl BE AR ST, 3 74 VR K 32 i U
IR, R ROK IR BERE LT, AT 250/
“RiEZE/N LR LA Ty SRR R TR AR Y
REDLAL  (HR B XA R GEM S, AR A AL Ts
Ao [FmF I 7 0] LU, 5 0046 mir A L, EM-
APATA fEARFI ZI T, RGE Bl 15 6E38. 142 7 ~
262.696 6 kW,

*k6 ARMZRFKREEEMULSEHE
Tab.6 Optimal parameters of chilled water system at different

time points

1 WImFR, BHOKEK  KEBAT KR
kW HEE/C B I

08.00 2 465 7.686 1 2 0.816 4
09:00 3 500 6.836 2 2 0.968 4
10:00 3700 6.673 8 2 0.992'5
11.00 4 050 7.997 4 3 0.963 8
12.00 4 080 7.987 2 3 0.968 5
1300 3 900 8.057 8 3 0.942 3
14..00 3750 6.636 1 2 0.998 9
15.00 3 890 8.062 9 3 0.941 1
16:00 3 875 8.073 6 3 0.940 0
17.:00 3 680 6.692 8 2 0.990 7
1800 4000 8.0219 2 0.783 0
19.00 4105 7.981 5 3 0.973 0
2000 3550 6.797 8 2 0.9750
2100 2180 8.013 1 2 0.781 2
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Fig.5 Comparison of energy consumption of chillers
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Fig.6 Comparison of energy consumption of pumps
®7T FENZTHRMATJFREFERT L
Tab.7 Comparison of energy consumption at different time points kW

v AT R} et .

[oF N - L ke
BN S RERE SRERE

08:00 2465 605.578 9 559.197 3 -46.381 6
09:00 3500 774.985 3 744.300 8 -52.184 6
10:00 3700 802.278 9 765.523 0 —-41.098 5
11:00 4050 1067.2189 856.935 5 -231.220 4
12:00 4080 1071.0452 865.846 1 -226.029 0
13:00 3900 1048.201 4 811.598 5 -258.079 6
14.00 3750 811.598 5 770.094 0 -44.745 1
15:00 3890 1046.9402 808.528 7 -259.921 7
16:00 3875 1045.050 1 803.917 1 -262.696 6
17:00 3 680 799.529 6 763.612 6 -38.142 17
18:00 4000 1060.858 6 841.976 4 -54.320 3
19:00 4105 1074.2399 873.2395 -221.746 9
20:00 3550 781.767 4 750.047 3 -46.824 3
21:00 2180 569.371 8 487.402 8 -90.120 6
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Fig.7  Overall comparison of energy consumption before and
after optimization
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S giE EM-APATA B M B8, XTI K R 48
A T AT T 3 — DA IR AR g R S
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L8 St &k il 8 o, HE 8 AR, 5
PSO #H b, EM-APATA 7£ A [] £ 1 75 5K T AT 45 fig
0.04 ~3.65 kW, 5 AIA MLt ,EM-APAIA &L

AR R A5 AE 0. 19 ~35.69 kW, [R]T M %] 8

il DUE 3 R R ARG BV VR K A K TR B
BB B I, SR RS . AH T PSO
ATA |EM-APATA 53357 5 i Bsf 1] P9 fiff 3R G0 T 0
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Tab.8 Comparison of optimal results of PSO, AIA, and EM-APAIA

P PSO(A) ATA(B) EM-APATA(C) RN
SHUH SLHEFE/ KW ZHUE SRR/ kW ZHUE MHEFE/KW C-A C-B
N, T s 7.5729 7.682 0 7.548 3
(90% ) m, 4.000 0 1186.24 4.000 0 1 189.65 4.000 0 1185.87  -0.37 -3.78
w 0.842 7 0.863 9 0.838 0
p o . 7.8199 7.833 3 7.578 4
(80% ) m 3.000 0 1031.42 4.000 0 1047.28 3.000 0 1020.64  —1.78 —17.64
w 0.995 0 0.795 9 0.997 4
4061 T s 8.006 5 8.216 9 7.993 6
(70%) m, 3.000 0 860. 24 4.000 0 895.89 3.000 0 860.20  -0.04 —35.69
w 0.968 6 0.766 9 0.965 5
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Fig.8 Optimization iterative process of chilled water supply temperature
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