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Optimal scheduling of HVAC systems based on predicted loads
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Abstract: With the proposal of "dual-carbon" goal in China, the decarbonization of energy consumption in public buildings
has become a key research area, in which optimizing the scheduling strategy for energy supply systems based on the
prediction results of hot and cold loads is an effective technological means to achieve the "on-demand energy supply". A
hot and cold load prediction model for public buildings is constructed based on the thermal resistance method. According to
the load prediction results, control optimization is performed on the parameters of an energy supply system by improved
particle swarm algorithm (PSO) , with the objectives of minimizing operating costs, reducing environmental costs and
prolonging the service life of units. After iterative optimization on the parameters including the load of the combined cold-
heat-power supply system, temperatures and flow rates of supply and return water, openings of valves and number of
operating pump units, an optimal operation strategy under all operation conditions is proposed. A public building taking
the proposed optimal operation strategy to update its heating system can reduce the power consumption of pump units by
10.66% and cut the operating cost by 21.52%, while meeting the heating demand of the building, balancing the hydraulic
conditions and extending the operating life of the units. The consistency of the test results and the theoretical data proves
the feasibility and effectiveness of the method proposed, providing an effective reference for on-demand heat supply and
energy-saving operation of public buildings.

Keywords: "dual-carbon" goal; equivalent thermal resistance ; load forecasting ; combined cold—heat—power supply system;

particle swarm optimization algorithm; multi-objective

oplimization
E&WH: FEE BRI E (2019YFE0104900) ; [ %

AR G301 H (52090062) 5 H R B FEAS B 55 24 .
Tt <4 ¢ 1 (2020MS009 ) 5 A% el DX A v Jre A B2 ml B4 0 5|8

T H (2023-282)

National Key R&D Program of China (2019YFE0104900) ; WO B &K peFE S ik HE BT 5T 4R
National Natural Science Foundation of China (52090062) ;

Project Supported by the Fundamental Research Funds for the (2022)),2020 4 4= [ U AERE G 22. T4 thRifE
Central Universities (2020MS009) ; Science and Technology P A RE R 2 AR T N 45, 5%, Hoh g E

Project of China Mobile Park Construction and Development
Company Limited(2023-282) %5 i (Heating Ventilation and Air Conditioning,

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 3 4

FMeE SR T IRR iAT 64 BR 38 9 R AR <13 -

HVAC) RSt REFE 7 AL AR BERERY 509% LA I, 2 54k
SERERERY 20% LA 1. DL, B S RE AR AR AR AL 2
T WUk B AR T 0 E ST A, Hrp A SR
W BE R A R R R G  — . BB B, TR
HVAC RS AL RIS 1958 a5 7 56 0 00 25
TEAVE IR ) S s KRS | X LA 7 0 S B e 5 A3t
7, BB AZ B

kTS B T £ A ) L BB R G e RO
B P A 24 35 80T KA SE . Ben—Nakhi % % ]
ESP—r # SUBLAL AR A 2E 17 97 gy AU, A Ry 258 17
BE, IR SR 2 R4 (GRNN) , 8 i it %
SRR — Ry R AT T . 25 SR B, R b
25 [0 2% BT A5 010 fF B 5 ESP—r JITA5: 670 A 22 [7] 4 4 ¢
PEHET 1510 Chen S50 H T — 5L TAUE R
YRR B 1%y vk 3 1 S ) iy A o
XoF 4t B far AT, AR T A R ISR R T
55 A [ 000 ASE 6 (1 3 A 4R v T 67 i N £ o A
Mo AR SE T i ST A% A PR B (RBF) £k
Sigmoid #E Y , X K E A HEA T I G g TN AN S 2
SR, RBF 25 I8 171 faf DU RS 780 A 5C R E0H 95% , 1
Zete/N e BASE T AR X 2T S ) A R 45
Lasso [7] 5 25 5 58072 59 %F Fe o0 7, 45 R FH 2 1)
(BP) #2545 B, A0 4 20 06 10000 245 JF A B 42 7t
8. 7% o A4 T — R ) I AN SR B
T T3, 18 BV s 43 BE R BRI A R T RS
JE85% LA I o AR Mk VE" R FH AL S R #b BP i 48
W28 5530 5 T B A R il /N AR 25 RSN A5
Mo BEARFRW]ARET M ] BP M2 4%, 1T [
K 15% 1R 2% . b3 G far B0 Oy v5 76 Bk 58
T A5 SR B 3 (e AR I O T B — 5 SR BR A
JH ) FH e 28 0 286 118 A TN 9 AR A A B 0
9K 5l , 3k A I s A X LA e R ] AR R A
BT, B0t e LA g I g L 4 s R sh
) T A AR | 2 0k PR A AR N E 1 v L T S R
BRI BR 7, = T A e ME AR SR TR R T
™

Olszewski % L E T 4 641 R JS 7Y 1 Z2 IR B
LT T DikE /M 8RR K AL T B A 3
Pk w3 3 8t A5 S ik AT T8, I 2R 19 T )
B, AT B R AR P SR B o Zhang 5 R T
—FR ARSIk . U/ NIREVE R T B AR, ok
SEPRAE A R R A IR AR B R Y . AR R,
SRR R R LA, R RE AT
15.32% , TZEBLEEHH T —FE X IR BOK R B
o3 A AR RAN T AR S M L Pt Bk A
PR AR AL I FE R 5 A 4 R WA BIRE o 3 T Ak

SR R P RE AL (PSO) B % HVAC 1 B X 4
PEAT U AR AT A LA B2 B 4 (PID) 2 4
Tk, BN N R AR TRL KK ES
B, I HAE R B B R 15 T A T) sk 20 SRRSO
IR B A4 o) 5 2 T i VA WL R AT A A0 #r , R A
RAM-PSO 53k, L R G ReFE e/ ME R H AR T
feAb 3 25U, AHET AL G0 1 5 3% XU B 4
il , R A2 -PSO B9 47 e 1 fe i 1T 36 252 kW, 19 g
FHR20% . Ao ST ST T O AT HVAC &
GURLH AR T H R B S B R B B
TR VEREW B2 EREIBITUFE T F
9.29% . Bk ARk ] g ast 15 R0k
HTaEEEIRAS, 25 AT RET% . ik
05 T 1 O B O AR S ek H bR B — 4%
il SR W R 5, A 75 1 R SR AR AR IR R B R
TREESR 1 HA A IR 5 R A
Jar A B B AR SE PR TR A AE L PE £ H bRk i
[) R R A L

25 LTk ARG B XA S AR, SR H IBH v
A A VA A T ASS Y o o I ) A A R
SEABE R R BHAR A T R L A TR B
faT B R AT AR AR A MR RR A . IR, AR
FaadT AR WL AR Ak B AR AR 4
A fof T 45 28, SR FHRACE PSO B3k (51 AL M5t
R 2 ) T APPSR AR AE ), %= A v R
HERE 2 G0 A P F SR EA T AR S B A
)4 TBLIB 1 THEm .

1 ETFHEZENEFA DTG E

1.1 FEALRATTERER

N R A MM EAS - BREZ N
i g 7 g T ASE A B S 3 B AR RN TR S T AT
N S NN ER o i R TR A N E U e o
e A SR ] (9 38 40 A T 45 8806 0T, R BRBEL Y X6
A T PR T B 2 R P BRUR

(1) #h R BRI E5 AU LTIZAR

(2) WM B S5 s SRR A RS

(3) M # A 3 N2 PN B AR A 5% ol A [] X35
Z AT

(4) 5 7 AR 0 2 A 76 | AR 4 78 570 1) 245 ) R 4
TR AR T I ) 5 A5 TR

(5)#ff o A I A5 A dE = AMEEE BN
TR R R BH AR 545

(6) 3R fiff FABH I 28 #5780 | 45 5] 2 57 P A Ti) X sk
B T A9 O BE A A, MR R R 43 A RNl R AR T
TR AR A AN DX Ik R 1T 74 A7 A

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 46 %

AN, R R P S R TN GG B R R
A S R R . BRI R TR A
A far i ik Xk
At

P:A?’ (l)
At=1, -1, (2)
R=R,+R,+R,+R,, (3)

Ao PO I AR A ARV AR o kW 5 A R 2
WAME 2, °Ci A R IARTE AL, m?*s R 3 $ast & v )
SABH, m? e CAW st 8, 0 A N AN, C5 R,
Ry, Ry, R, AP HEHOK 5 E N s ik Al 72 &
2S5 2 I RE A S b B B RE AR B (9 B
T2 RN 4% BE 5 = Ah 23 SR H T R Y 4 SRR
m’- C/kW,

eXp(NTU,h) B eXp(NTU,c)
- G c. . @
eXp(NTU,h) - eXp(NTU,c)
1
R; = KA 234 (5)

T Ny BTN 50 10 A% B0 i v A s R i %
PR TTEL, BRI AT 5 O ¥4 T AR 1) 4
BRLZ 5 G, G, 53 A TR A T A4 FA 25
HTUR KW/ C 5 KON RS AL R B 3 R 8L
W/ (m*°C) s A, BRI AL B PR AL, m™ ™
1.2 fafar i & 5 o

Sk Y6 A 35 AR BH 3 S A A A B A T
BRI AT AT FORE B B, ARS8 L 550 4], 4303 ok
FHAARE 1 1 TRNSY'S Ry b B4 0 12 2 SR A 7 6 Ao 930
R SO N A

N A T (FER LX) IR 5 5 (]
RINVAE WE BRI R AR
W R = MR R 22 °C, s A 6
T2l SRt e 1R .

60001
—a— SABEL T
—e— TRNSVSHE{Y 17 fif
~4000r
=
=
ﬁ
X
" 2000+

0 . . . | . )
00:00 04:00 08:00 12:00 16:00 20:00 24:00
S [A]

1 #PBEES TRNSYS Hiilll fa 57 3 b
Fig. 1 Loads predicted by thermal resistance method and
TRNSYS

&1 1 AT, 09: 00 FF4f 3 A T AR [E], A 51 %
JEREA, NG A B I BT, T T A B A
BB BEE MR MR E TR, K
BT HE A, B s HE B AT 7E 14:00 —16: 00 3k 1 %
AME . S5 —J5 T, AARH I A T £ A 5 A A S PR
A far ARk B AR ], L5 TRNSYS 540 51 o
(45735152 25 by 8% , 13t BH A BIF 5% 56 1 S BH 75 T A4 2
) S L 67 A7 T AR A R A, W A R s S 3R
A ¥ AR i T 5K

2 ETFPSOEEMZTRARZMNAE

2.1 FEEHIMEEE

R FE T I 50— e A T ST E e
K I Matlab FA4X6F 32 B4 il 35 44 7 Py BRABT AL | JE
T FARBE AT seBE 7 mIE AL, Sy T
AT Ak AR o R O B v A SR A B 38 R AU AR LA
T

(1) 22 46 P 2 2% T B 2K AW A RO A4 A
FETE S AN R AR 5CHe

(2) 2285 425 1] 38 424 0 42 i 48 4 1) vl Sz F [] B
PR AT INATE R RPN R G AL TR
B17,

(3) 25 v P It A 2 2 Ui 2 ) A2 4k, HIA K
B IGRARANTT FE 8 A
2,11 Hraldags

AWFTER K — K e 045 |, &8 T JC A A iy
WAL TG R, B O e R AR A 2 R R
PRI I SR FH X 507 35 i 2 1 g Sy e I B AR AR LR
(thg - t(:g) — (1, — )
L = Loy , (6)
L = Lo,
2 Ar, Ry A A 10 BT IR BE L °C sy
B Loy s Loy T3 S A 4R T R V2 (AL [T 7K IR B, °C

e PREF 1A% AR R A ISR S PR IR Q 5 H
TG PR KA P T R B3 K AT REAL i Q) Z L, RAE
T ¥R AR PG 5 AR TR G R, ToA AR i
DA HRIR AT o

At, =

a

In

M, BN
Cp-h(thg B thh) Ly = b
°T - (7)
cp,h(thg - t(.h) by = Len ’
é’c[hciﬁf/]\ﬁj‘
— c‘"“'(t“g B t"h) _ t(:g B t:-h

, (8)

C,M:(thg - tch) Ly = Loy

e, e, AR B A VPR A0 L T

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 3 4

FMeE SR T IRR iAT 64 BR 38 9 R AR <15 -

75, kIl (kg-C) s & NARINER AL IAROR
2.1.2 HBIEI]

A S R 04 L Bl B A G 45 B ) LU R
PERYH AN

p= dome (9)
Qoo
L:r(’il) (10)
V-

P AT T 59,00 G s Qi I EERT TR TTHY
S JBT 5t 3k e R IR ) AT 90 O A A AR A L R PRAE,
kg/s ;1,1 300 A 1) AR S B T B Al B KT T
2.1.3 Bk

TEE M R G, KA REE TAE SR KRR
i1 A I BEL 7 AR i R A A o T A IR A L
JIrEE M e ik Aol

h=h,+Sq,°, (11)
A b h o35 R A TE B ) AR ms Sl
B RGBT RZ2E, s q, 8 B PR R,
m’/s.

FET AT R AL 1 B 5 6T 7K 5 3 [
IHAREAY , IFAEPRAIE TR b — R R BOR B A5 50 %
Hfa = 5381 KA

hg =ag+a, X q, + a, X q,°

Py =bo + by X gy + b, X ‘]VZ +by X (]v3, (12)

Ne=cot e, Xqy+e,Xq,  +c3Xq,’
K ag,a,,a,,by,b,,b,,by,¢0,¢,,¢,,c, 530 KL
ANERE T ZE 1 R B hey FK TR ms Py, KT
kW smg, HIKERECR

P R R0 T A K SR I R, T D el A
KSR P RE I 2, DA ek 28 G 55 48 T EL e e it
BYAE AL, B TAL AT o K AEAS AT 2 1] 1) P e 2 803k

e _ Qv =K
n nom q V, nom
hy
= K?
o ’ )
Py
= K?
P

s ny, n, 230 R K R R S R E Y
v/min; q,, . qy. o 23 90 R 7K S I R 5 FVEUE B O
m'/ss hy, ho,, 5350 R 7K 2 R B S A AE 13 1R m;
PP 3 5 K ZEJH I AR S D)3 kW K
TRV L
2.2 ETFH#PSOEEMAEMRK
2.2.1 FEARPSOHE

FEAR PSO BIETE AT R0 8 R

%) T D0 e Jost 1 R A R R A R4 R AR GA
W)
Vi=vOee R (PY, - X" )+e,Ry(GL, - X)), (14)
XD =xW 4 pleen, (15)

A v, v X XD R i RS 1+ 1 IR
AR R EE R s P, L G i kT i A2 o
R IEAR I A A A S AR 07 B AR AR B D ey en 0
FIRRL TR 22 TR R 5 0, 1 TN B
HLEL
2.2.2 Mk PSORE L

= (14) Pros 6 T HA PSO B k% U 2
55 1 BBy T Ak R % B B TE SR ) R R, HL A ) R
cr o WARFEAAR X S BULA PSO Bk E L Hbr T
ot fErh 25 5 B A R B e, Zmg 2 Jm e fl o &
DO Y [ETF = TN WS 85 17 6 Y SR 5 = e S R
26 1 3R 43 ) 2k 7RG B RNZR 2, 33550 A 2 = TR T B
3R T, S B 1) 4 JR 1 R RN R AR R B
J1o HFEIERAH

w; = wnr - (wmzu - wmin)%’ (16)
Cl :Cmax+(c - C dx)i
Yoo
Co; = C in + (cmax -C )N

2, N5 S TS A B R 0,
@ > Coays Coi 73 I BB R0 52 o) 719 L
TR

73— 75 T, JH PSO A e L HL A9 38 AR P 2 B8
P HLT B R R A E, 3R AT LAHERR f M e o
S REURT R MR R = HERk Ay

_ 1 i=1
PY=—XP ., (18)

2orh P g o B A VR B A 1 P38 MORRE A
B PO, R B 2V RS A R e A -

g Lk, et I iY PSO S-S vk i AR n E 2
Jis o B R ) PSO 823 1 B R ik =0
Vi z0 Ve R,(PY=X)+e, Ry(GL X)), (19)
2.2.3 A SRR AL

AR RO RE R G R AR BB A
R ER 2 At IR 0, R At aR B X 22 2
AL, TR AE AT O AR R A AL e A
[A], H e Kt A 25 5%, IR G 7 26 [l g
AT 2y R R AR H

Horp BRI AR R R 2K, 5%
b R R REREREAA G, HRIAAH

Prnin S Poow <P , (20)

nnnnnnnnn

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 46 %

R N
I > N
WS ST

itk SO Bk | M ITIE

B2 mMi#PSOHERERE
Fig.2 Calculation flow of the improved PSO

X P, AR B TAER KW P, s
P 3B TAEDA G L R BREL KW

2 3 R e IR o gl I — s X
TR AL B

B % TR G, — BRI AR A
A5, SR GAT U 25 SR 2 2 h R T AR P Y
105% B, SR IR TR b A dR o Be B LE 2 h (i 2%
Lh, AR 1 h) 5% DL R L%, a4 A 9
BRI/ B 877 5 2l T8 265 A5 B b o

TR R G B R AL B 5 2% e A A s
W 2 GE 7 R I AT SR BTSN L fli 2% 5K R i T
VESTE S BVE BN KOK A Ad ] i o 7 2R
TREE AR S (SR DIFE R i

B, LAESE 4 h(id 2 2 h, K 2 h) 9 i G fif
NP5 YL AN RE N R G I ] B N AU B R4
e KB ARG B E N, I — A%
H, FLEW AR ER
2.2.4 Z AWML

PS8 IR AIE BE R s A7 iAS HILAL 73 i Al
MR AL FAR

ASHIF 5 38 2o R s A AR A R A A 45 B AY i
P B A A9 25 380 3 B R A SRR O, S
R Ao B AR . HERER Gty A 23
NIRRT B, HAR RER AN

T
€= el (21)

10y, €, €A BN R Ge— 5 17 R A B
B RAR KRS IR S TE/R e, e, A1

ARSI F ¢ B 20 09 WA HBL By, J6 ks P, L, P, 530
¢ B 2 R G RE L D R AR TR kW
HERE RGLE 1Tl B B S A IR RIR R
BERR RIS, 7= A2 CO, M. ATl AR CO, k™
A R AS 1 H Ar R Rk =k
Cy= C(:OZ(SP,PC,T +e,P ), (22)

Xy, Coo A HIERE R G5 — A2 17 R P4 A A £
BASFHE L CO, BN, T/ e, £, 53 0 BT
LSRR CO, B HE R B B AR B R SRS €O,
FIHER R 5L

R, AR RGeS IR AL pR R €, Feik =0

C,=min(C, + C,), (23)

2.3 AERKEBISH

Sk 56 GE A 5 X 28 2 s PR AL BE R 4
BT I BCE PSO B3k 1) A B FNAT 200k, DA iR 3
NS R 5], T 8 I A BB A T 45 B L R
e PSO B3 X% S A A& LI R G R B R A T
AR T, 15 B0 i e e A A ok . N SE ST AL RE
RGN BWE 3R, ZA IR AR TT N
BRI A POHE SRR i o B, LR S 1l AL
P A, M A PO BRI 2 75 R e o R AT A
Ao Horp R B IR A 3 Ao AR A AR 5 A
VWA AT A AR 3 S R T R A T R S T I
JE | R AU ¥ HR A AT R R SR A K TR PR
SEERHE S  $ AL RE A REHE . % T F A
KA 3 600 kW, 4500 28 101 B30 1A TR 22 ol
F20 °C, ] AR 4B G114,

N
=417
' \_
[ 23]
A :
ik R 5 W B
LR ‘1 ﬁ ) \fmﬁﬁ\
BRI i o
HER , -
e () (e
L O mEkE
S

E3 AHBARKRSERE
Fig.3 Schematic structure of the energy supply system for public
buildings

S TSR T RR S RS R A
ORI S B 7 TR 2, A SCE X LA W] 2
B A B0 Rt PSO B 3L A 1253 91 SR gt v (i
MHETTSHLE 1,

AR TGS R W 4 s . et PSO Bk it
A BAR G MR SRR ISR B0 /N T W0 U 15

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



7 6 0% 38 2 R R G AL R

- 17 -

% 3 IME, F R TR R
®1 BUEPSOERIZITSH
Table 1 Operational parameters of the improved PSO

BITZHL BCE

kA% 100

IR 1 000

BPERCE B RER 0.9,0.4

)T TR 2.0,0.5

91000 fC. 7ERT 100 FUEERR M, i TARPERCE
BUE R, B0 e D0 L 2 18 ek, &2 )R
TR A T B0 5 7258 100U , i TR R /) U
AR e I 7 A AR AL G, B U B, ey
JRrT i R AE ) B

3.6
o 32F
(=1
X
il
P 2.8
5
W
224
I

20

1.6 L L L L ]

0 200 400 600 800 1000
AR UH
4 i PSOEHRERITTE

Fig. 4 Iterative process of the improved PSO

SVE TS A P AR 5 B e R Y R B 43 T
WE SR . TEA R L UL H I, Sl 8 fit
#;05:00 — 09: 00 A3 FA A FE B {5 0 o 0 b
o — S5 AL RSl R SR Bl
04+ 00 i F5 0 472 fof {5 A 3 750 kW, 8 T Fi AR K
13 600 kW, HiZht 2% 222 h(d 2 1 h, KK 1 h)
) AN A2 5% , PR ATS R A AR Bk O R
R

5000r

I R
A

4000

30001

AW

2000

1000

1200 1600 20:00  24:00

R[]
5 RUERSRIPERNZEE®RE
Fig. 5 Hourly heat supplied by waste heat and the boiler

0000 0400  08:00

OGOl B2 R B %) L ] 6
JIe 7R o SRR A A P 0 g DO JRE ek K it
JRE AN A 003 5 S A R SRR
L [ 9 65 “CHFH P M 9819 e ) O R A
SRR & A ) S TE R L RN
PEXTAE 19 22 Gt 7K 3~ i i Jl ) o o 7 3 3 A
R GUsAT NG 2FEE -

751

VAT
JERiE 350~ —
70¢ 300 LLRiVT
250+
2 =
B 65F - £200F
= =
F1s0-
60f 100}
S0t

55 L L L I} 0 L L L I}

00:00 06:00 12:00 18:00 24:00 00:00 06:00 12:00 18:00 24:00
I ] I (8]

a AP ALK b ) A

a Water supply temperature at user end b Flow rate at user end
Ee WWAIERFAMEKEEMRENERHAEL
Fig. 6 Hourly variations of water supply temperature and flow

rate at user end before and after the scheduling

SEVE R T AR A H B BOR A 2H A8 ) Yk
Fe A 7 fiis o AXAE 15:00 F117:00 B 21, 55 90 37
FEFESEA h(GE 222 h, KK 2 h) A G i 2 AL 5 1L AY 7
RAFALHR L 50% i, B BE B AS T — GOk E .
— AN N TR S R AL R R R L R R,

L AR EE R TR R [ 10. 66%, H AR 4 T AR
TERAE TAETE N .

125¢ T
iR
P e
3 TS 100+
— AR
AT
= 750
7 =
< 3
Bl =50t
251

0 L L L I}

00:00 06:00 12:00 18:00 24:00
P[]

b R

b Power of operating pump units

1

00:00 06:00 12:00 18:00 24:00
i )

a R4HHEE

a Number of operating pump units
7 AVHIERARNER & BT
Fig.7 Number and power of operating pump units before and

after the scheduling

R A SEIE Y5, A e A5 s AR A
FHFAM 1] T A2 A 151 8 Bz o AR i J 117 T
VB SR S D0 A 32 765 BT IR Y, TRl B, B o e DG A

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 46 %

Yl I RGBT B A5, BT i A A SRR B A
FIF-A K 3 TOLRY R, BEAE R Gt aa 17 AR e fiX
TER AT F 4

TR
1001
80 /
60
§
P
+
40
]E’
NP
20¢ — A
FH 4t

0 1 1 1 1 1 |
00:00 04:00 08:00 12:00 16:00 20:00 24:00
I 7]

B8 EEMAL S EMA A AW
Fig. 8 Valve openings on supply side and user side after the
optimization

G54 D LB AT REFE R EL R S T Lhan & 9
Jim o D SR AE AT 150 TCvR A5 0 S st 7 fp Bl , K&
HR 4 TN 20 50 15 B A SRR B, T 1 A3 4 7 At
AE” o A 5T 56 T FABH 75 A9 67 fo7 000 45 2R, >R FH ek
HE PSO B PR J5 T Se BRI IZ B S 2 R Geis
frHEFE21. 52%.,

6 0001

—s— EULAR IS AT BEFE:
—e— PIIEITRENE

0 I I I L I |
00:00  04:00  08:00  12:00  16:00  20:00  24:00
P i)

9 RGHEETHREMBREIETERE
Fig.9 Valve openings on supply side and user side after the

optimization

3 it

AR 5 ) A B 32 A 7 A S ¥4 AR g 0 A5
R SR FH otk PSO B33k X6k v AR 1L fiE 22 48 A MK
A A R AT R B ALk o B AR IR 5 B £ Ay 0
D5 FUUR B AR Ak Bk N T A A S AR 2
wmr.

(1) 5T AL MR Lt 2 7 A RT3
T A G I et PSO B39k | 7Efifk e B2 5 v PRUE A B2
B2 SHARR PR AL I B L 45 T 4R SR BE

1, FEIEAR 100 R 2 A7 k42 30 e LA

(2) AT FE 1 2 i LI A fap -7 7K 7 T 10 F 4E
KALH 1217 75 A 04 [A) B, B AP K SR J A5 %, ik /D>
T TIFE 10. 66% .

(3) 32 B9 BRI itk , HE AL Y 1Y 42 75 1k 45 7 AN
B E AR REAR G R BEAR R SR R E AT A
21.52%.

25 TR A SCHE 0 5L T 60 ey T 4 SR 1 3
AR BE R AL T AE T e vaHE (B AIS RO T B A R
U () 220 R0 25 R v %) IO P i 5

Sk

(1 ]vh SRR FE S B HE T e 4 05 . o R A S5 R P e 2
FUREFE S RRAF IR & & 2[R ] HIR, 2022,

(215 s, £ %, 75 55 W0 ARy 0000 5 EE I ST 2R (],
SFUAREE XA, 2015,34(4) :31-35.

JING Shenglan, WANG Fei, LEl Yonggang. Research
review of heat load prediction methods [J].Building Energy
& Environment,2015,34(4):31-35.

(31 b, 2B, ALK, A5 A SRR T ] i B far B DR 5 4

ARBFFEERALT ] B 515, 2023,60(5) :1-10,22.
MA Lin, LIANG Anqgi, WANG Liyong, et al. A review of
research on adjustable load resource regulation technology
for public buildings [J]. Electrical Measurement &
Instrumentation,2023,60(5):1-10,22.

[4]BEN-NAKHI A E, MAHMOUD M A. Cooling load
prediction for buildings using general regression neural
networks [ J 1. Energy Conversion and Management, 2004,
45(13-14): 2127-2141.

[SICHEN S H, WANG L Z, LI J, et al. A training pattern
recognition algorithm based on weight clustering for
improving cooling load prediction accuracy of HVAC system
[J]. Journal of Building Engineering, 2022,52:10445.

[6)FEAR, S e, T Ac o AN Im) A% e B SR 1) B AL T8

I B T B T E B S LT ). AL TR 2l 2015, 30
(S1):531-535.
WANG Dong, SHI Xiaoxia, YIN Jiaoying. Prediction on
hourly load of air conditioning by RBF support vector
machine[ J ]. Transactions of China Electrotechnical Society,
2015,30(S1):531-535.

(71 RS2 AR T, 45 R THLES F 22 IR 5t
RG] 1 6E L 2023,42(8) :81-84.

ZHAO Xiaoyan,ZHENG Lijun, LIN Haiwei, et al. Heat load
prediction for heating systems based on machine self -
learning[]] . Energy Conservation, 2023, 42(8):81-84.

(81BN, B9 B HE BRI T, 45 L IO S SR 2 904 A TN A
R[] HEST1AE . 2020,48(12):69-72,122.

HE Yanzhuang, ZENG Hezhan, ZHAO Xiaoyu, et al.

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 3 4

FMeE SR T IRR iAT 64 BR 38 9 R AR - 19 -

Cooling load prediction model for office buildings [J].
Building Energy Efficiency,2020,48(12):69-72,122.

(9 12 AR v SRR R e A B B0 o T T ¥A W52 (D ] 4 %
KAERF,2015.

LI Shengtao. Research on heat load forecasting of district
heating systems[ D ]. Xi’an : Chang’an University ,2015.

(10 JZRGK S, FERTT , ek, 45 Bl SRS Y 25 5 RE IR AR 48
g U 2k [T ], b LT AR 2 4L 2021, 41(23)
7905-7924.

ZHU Jizhong, DONG Hanjiang, LI Shenglin, et al. Review
of data-driven load forecasting for integrated energy system
[1]. Proceedings of the CSEE,2021,41(23):7905-7924.

(11 )3 B Y JE T LSTM i 28 W 2% 1) Z2 AR AE AR 671 i T30 A
FELD L ALRT AL ) o, 2023.

DONG Xingtong. Research on multi-featured heating load
prediction based on LSTM neural network [D]. Beijing:
North China Electric Power University, 2023.

[12]OLSZEWSKI P. Genetic optimization and experimental
verification of complex parallel puming station with
centrifugal pumps [J]. Applied Energy, 2016, 178:
527-539.

[13]ZHANG Y, CHU X L, LIU Y Q. An optimal hybrid
control method for energy-saving of chilled water system in
central air conditioning [J].Journal of Control Science and
Engineering, 2018, 2018: 1-9.

(14722800, st , X2 242 55 v 28 i R G OFIROK A1 fE
AR Al s it 50k (D). #2 h0 #1 38 5 8 A L 2020, 37
(10):2155-2162.

YU Junqi, ZHANG Rui, ZHAO Anjun, et al. Energy
saving optimization insect intelligent control algorithm for
parallel pumps in central air - conditioning system [J].
Control Theory & Applications,2020,37(10):2155-2162.

(15 MRtk R, Bi i . — P G TR TSV I R i 25
P R R ATk 516, 2017,45(3) :19-23.
HOU Danlin, PAN Yiqun, HUANG Zhizhong. A method of
HVAC process object identification based on PSO [1].
Building Energy Efficiency,2017,45(3):19-23.

(16 JFRFH , WkRHE . BE T O% A A A A 5812 iy Y v e 23
PRGBS ], 1% 48, 2021, 42(4) :43-49.
CHEN Yang, YAO Ye. Study on energy-saving control of
large central air- conditioning system based on BAS-PSO
[I]. Journal of Refrigeration, 2021 ,42(4) :43-49.

(17 7t , Wk, 3 AL HVAC R G0 BE B
FELN ] AL TSRS, 2022,24(5) : 102-107.

ZUO Nannan, GAO Guige, WANG Yang. Optimal
scheduling of HVAC system in public building [J]. Power
Demand Side Management ,2022,24(5):102-107.

(18 UK B, 5 [l 3 . 2 3 v BAVIEL 2R G A0 A 42 T A Y B T 50

(3. AR SR K25 74, 2013,32(4) : 710, 14,
YAN Yongmin, ZHANG Guogiang. Research on optimal
control model for building cooling and heating sources in
HVAC systems [J]. Building Heat Ventilation and Air
Conditioning,2013,32(4):7-10, 14.

(19 EARAT , 900, T3 it , 45 ik TR I i oAby

XEGEARLT ] BHAHAR BT, 2021(28) :33-37.
LV Baixing, GUO Zhiguang, ZHAO Weihao, et al. A
review on optimization methods of standard particle swarm
optimization [J]. Scientific And Technological Innovation
Information,2021(28) :33-37.

(20 JBRAE BT AT 2R A8, 55 S F CRBD IR AR 5L 45

T RO Ak 1 Bl (D], TR A B 4, 2017, 38
(7):1376-1383.
CHEN Qun, HAO Junhong, FU Ronghuan, et al. Energy
flow method for thermal system analysis and optimisation
based on (fire accumulation) theory [JT]. Journal of
Engineering Thermophysics,2017,38(7):1376-1383.

(20 IR RE A i C 4 19 (). b st e o [ A 30 1 A
2001.

(22 ]9 A H K RGO AR BB R s A7 I
WEFELD ] A - K, 2023.

YUAN Zhe. Research on optimal selection design and
operation scheduling of variable frequency pumps in
pressurised water distribution system [D]. Yangzhou
Yangzhou University ,2023.

(23[R, ek, 255k, 55 B T 2 H ARSI A V8 PR L IR 41

REER R A G )] Bhr iR 5 T HE, 2019,
19(33):200-205.
TAO Jing, XU Wu, LI Yilin, et al. Operation optimisation
of combined cooling, heating and power type integrated
energy system based on multi - objective algorithm [J].
Science Technology and Engineering, 2019, 19 (33) :
200-205.

(24 15kAR, D30 . 3T REAURCRL T F2 0 A9 8 RE RS - RE R4S
TR0 SR BRI, 2022, 44(10) :83-90.
ZHANG Yi, FANG Fang. Smart building energy
management strategy based on stochastic model predictive
control [ J]. Integrated Intelligent Energy, 2022, 44 (10) :
83-90.

(25 1k, 80, B, 5% . A ARB e SR 2 57118

Wy el i 55 53 e 45 1) BT (7). 236 48 AR T, 2023, 45
(3):57-65.
JI Bin, QIAN Juan, CHANG Li, et al. Analysis and
discussion on power purchase of state grid enterprises as
purchasing agents[J]. Integrated Intelligent Energy , 2023,
45(3):57-65.

(A L5t % : KML)

s H#A:2023-10-10; 1B HHA:2023-11-05
L BH3:2023-12-01; B SR MLE : www.iienergy.cn
EER AN

IME(1985) , 55, Bz, WAL S0 - ATy
fie S SR A & TR REAE AR ST | T P A R YR S O HR A5 4
Ti RIS, stu@188.com;;

SKZWL(1979) , %, G T REW , A1, A i 5 e Ak
B AT REAHIC TS 10 5T, yf_zh@yeah.net.

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



