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Abstract: [Introduction] As the reform in the energy sector continues to deepen, the introduction of a demand response mechanisms
guided by market factors have become an inevitable trend in the development of regional integrated energy system (RIES). [Method]
Based on the coupling characteristics of multiple energy flows in RIES, three different flexible loads were divided according to the
demand response potential and user energy consumption characteristics, which were shiftable load, dispatchable load and reducible load.
Finally, a RIES operation optimization model was established considering the flexible load demand response for cooling, heating and
power. The load demand response plan and the optimization results of each energy network are obtained by using the economic benefits
of both supply and demand sides, the peak and valley values of electricity load, and the values of carbon emissions as the optimization
objective of the model. [Result] The results indicate that demand response reduces the total cost of RIES by 3.70% and the peak to valley
ratio of electricity load by 29.7%. [Conclusion] The feasibility and practicality of the proposed model are verified in this paper.
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Fig. 1 Structure of RIES demand response mechanism

(2)

(3)

(4)

(5)

(6)
(7)



156 M7 RER A 1%
ELR = max (EL) /min (EL) (8) Din=123222f&4 (9)

At st
Ciy+ Co. Chy REIR RAE MR NA | sl T D R TV P A TR (S

A K AR YEAP A (TT) 5 FE, RN [0,0,0, e, e, e, ..., e, 0,0, 0] f 1x24
c. ARG S SR e [ oo — oo,

EPHECT); o X, ——GUPFRE R, B8 [0, 0, 0, 0,
Cowe  —JHPRRREIRAINA L) 10,0, .1 FigAsitp U —A 1, fLR GO T4
Ce PRI R A (8 ); NP
1 — BT DY —— AR T
N —HLALI AR AR, () SRR TS P 0T 207 | 40 7 B %

CAP;, INV, — %% j & e 7 m 5 B B L
A, (J0);

Gogin Ee; i 2R ARA 5 H T FE B (m
kWh);

Cogi ~ Ce, i 2R KRS M S o Gom’
JG/kWh);

Ceeni~ Eceni i BP0 BRI E RO
kWh, kWh);

P i I 20148 j 2 (kWh) s

M, —— A AL LES AR OB/ )

Pag~ Pe —— RIS E MR CO, HEik H ¥
(t/m’, /kWh);

EL ——iz4f7 H B 7 (kWh) .

1.2.2 FHP R SR o oy 452 4

R F f Y5 7 SR g 1z ¥ o A P A PR AN I,
2 55 SR 18 A FH P 4 AR SR 1 7 A ] 43 ]
SERS G A L AT G A R AT D867 A, XoF AN [ £ )
I W o PRI, P 05 S e iz A8 A 43S W SF A
ap ARSI | T R G A AR AR R AT e SR AR, e,
T ST SR IO 11 28 B A MEEAR AR, BIF 5 TR SR A N
X AL 25 AR FH P 0 28 5 2 B 5 T
1.2.2.1 AP far i

TR B R T P &
FRal 72, RNReREA 1) TR AR 20 JT 3K, B iy 5z
B AE =X, ] PR S ASRELL 1 h O SR dE AT
e SR N, T s LA o R A A R T S A G
Az T, SR A P R, B DR AR A FH RE R 04 Y
B IUAS/INEF I A2 77 67 far B A5 7% 31 T R e 0 58/t
BEA AR R I P, DT 52 B T2 67 A Y B AARSE R4
R T P T 2B AR = (9) s

BN BEE TS SR, NEK(10) Fis.
DY =D =D

tran tran tran

(10)

:EEEF]

DX, D — R T AR RS T
LI T RS 5 T T BT

Tl FH P 2 5 5 3R R J5 14 6 far 75 5K 2 4 =X
(1D s,

U::’an,i = Dglan U[};rxl'o,i + U(’;’,It ( 11 )
e
Utr:lan,i A U}’::'n,i Al Ugfi ‘Tj‘*—%IﬂkﬁH)ﬁ l HTJ‘%J m %ﬁl

7 -2 Ji 1 67767 7 >R B (KWh) , m 28 0] SF-F% 1 67 7o
7 2K i (kWh) Fl m 8 A] - F% 17 faf 75 K 1 (kwh) ,
m € {pe,ph,pc}, pe 17 F HL 7 far . ph 483 F 67 fir
pe fRFEHE fFifir .
1.2.2.2 AT BE A far A

B T R R e AR AR R o 2
(W T PG )55 ) 76 H AR R 0 By 3
JUAS /IS B9 22 356 28 671 i 9% V4 Hh 43 T 3 FH R 1 4
INEFBE R SE— AN . S 5T RN 5, P AE i
B 2 n 2 G g BT SR =X (12) Fis

Ugisp,i

:EE I:P:

Ulin Uny — NS i W20 n 267 7 B2
Jei R 4 B faf 75 K f (kWh) 5
——n 2T i B Z RSO H AR

= Ug,i + O U:,i - Us,iU;i ( 12 )

Tai~ Osi
&, 8 0-1 24

urL U, —— i B2 TR AT i Y n
A I JE 17 7 B (KWh) , n € {de, dh, dc}, de {2 Tl
FHHL, dh AR TO A de FRER TR .



5% 6 30

XU, A5 R R SR P 07 e o SR B B X2 43 RE IR R Gas AT Ak 157

8% N 07 Ay 38 B2 AN BE DR T TR B 0 iy e o it
W S, DRI il LA 23R

UL < Ul (13)

Ul <us (14)

A

Uk, U ——H i AT AT n 2K
AJ i B AR far i (kWh, kWh) o

AR JE T 7 4 TR PN 2 R A2 1 S o >
FHEE, =X (IS i o ek, AT B 20 %) AT 38 B2 £ far
HRRAETE 5 A4 32 h i) —Fp TAR RS, =Xl (16)

Fim o
Do U= ol =0
05,0, =0
1.2.2.3 Al HI8 G A 7Y
Fhy 78 57 1) T SF- A% 67y AT 3 JEE 47 e A AR A R
AL, R PR G 2 5 T SR R S 6 e R R
FEANAR T AT 98 67 Ay DU A 70 A e D e B P 42
HID8 P A fer, B0AE ffar 2 o AHEE Fad R Tk 28
RIS A 3 M 2H P B e AR A G,
M DL B B8 AT R R, ATEGRRT] L BRIT LA AR
LIS P FH BB B (8] 50 2 16, FH B A B A G AR,
A TR R TE R 47 80 77, BT L RIES Hra] Hil
I8 07 e A FH P A7 i R 9 8 S 8 AR R 67 e
R T . Zead i far BB, P LE @ BP0 p 28
T B AR (17) FR:
U= U —p,U",

cut,i

(15)
(16)

(17)

e

U P —— P i B2 n JEmTE008 6 e A )
PR B far 77 2K B (kWh, kWh);

@, — IR . pefe, h, o}, e fRIEH
SUHH, h REEREFHIA, c REREFTHZ .
1.2.2.4 753K A W 28 5% kMR R

8T AMEARE TR 32 B2 T L AR A 28 T A MR X
Ik B NIV (SR

XFF AR gy, LA A PR AME EC i, 5
SRS I B A K

Cec, tran — Z(U{:an‘ iECtran,i) ( 18 )
EEVCR
Cec, tran __}Eﬁpﬁﬁﬁﬁﬁipiz%gﬁg?lvf%(ﬁ/

kWh).,

] B G 18 BN S5 A 3 JEE A 5 R 1 e 221
ﬂﬁﬁl%\iﬁ%:

Cootin = ) (il BChy ,+ 070 iLL ECY, )

disp, i ( 19)
e

Ccc, disp —ﬁﬁ)ﬂ%"ﬁ%ﬂzuﬁﬁj%ﬁlﬁﬂag
M (TT/AWh);
Ecgisp.i N ECZisp,i —i HTJ‘ZIJFHF ﬁ%q&ﬁﬁl—?% IJ:H

AT 8BRS 57 T 38 B M (ST/kWh) o
] B4 ) AL 67 A S A% A ECe 5 HI I
F8 B A

Cocon = ) (Ul ECar) (20)
ECui=a+by, +cg +dy (21)
K.
Ceoc  —— P AT HIBUIT AT PR ALY M
& (JL/kWh);
EC.u. s i B 220 BT A A RS, M S

B B8R A 5 (JT/kWh)
a.b.c.d—E,
.

ec — Cec,tran + Cec,disp + Cec,cut ( 22 )

1.2.3  HERBMIGE i sh AR Y

HEREMIRE B shid FR AR &) T ReR A= 7= fig
TR A K RE TRAE L 3 A BRT0

REUR A= Pk B vp, DLR SRS — UK RE TR Y RE R
A PR KA RN (23) ~ (25) s .

HGT,i = a’GTEGT,i (23)
Egr; = xg1,,PrAT (24)
G = Egri/ (Taglor) + Pep AT/ ("ngUGB) (25)

A
Egr;« Hgri\ Xgr,

BREEHL i 2R K B, 72
P 52177 R (kWh, kWh, %);

Py —— RN E K IR (kW)

aer PR HLAY IR L

G REIR AR50 i I ZITHFER AR S (m);
Fag —— R BIPE (kWh/m) 5

NGt e BRSECHLIY F 0% S R

AR IR



158 R RETR A I

H11E

Pog; SRR i 20 PR TR (kW) |
PAA] FAE BEVR S — IR BETR O RE VR A= r= i i By
AN (26) ~ (28) fT 7N

Epy, = Hy,Py,KAT[E, (26)
Hpy; = I Acnen (1 =) AT (27)
Ewri = { Py :('):‘;: AT V" < v; <V (28)
Pyt ATV <v;
A
Epyi Hpyy ——GCIRBATFIRFHREEE I i I 21
1) & Ha, e AP B (kWh) ;
Hy, i B 220 7K T A BH AR (KW /)5
Py — IR LA R (kW)
E, —RIBE (kW/m’);
K —RIEEGEERCRRE
I; i B 220 A9 A BH A i R (KkW/m’) 5
A ——RAHE TR (m?);
e —— KFHBEAR R G,
m —— KHREERRG S E AR,

Pyr  —— X R LA UE K R (kW)

Vi i B Z) A S FR XU (m/s )

vin )0 R % AL ARG 18R e G (m/
s, m/s);

Eyr, i B 20K & ALY A& FL i (KWh)o

REURAE 7™ B0 45 i 1 Ay Fi L FABE AL 2 RE TR S
SO, 5 3 2w RE PR A A ol F R 9 A UER
v, B A7 15 4 (] 2% BE AL ) e 48 56 2 = (29)
JIr7R:

AES,; = (Plen — P /s AT (29)
=
AES,;  ——FEsf A1 B o4 it BE 1AL £ 1) vk i o,

HFEE RS, FHRE . RS (kWh);

peha - plis i ISP ZIGERE 45 1Y &5 RE D 3 RNk e
IR (kW);

AN i B ZIA R & 10 & R R A R g
R, R0~ 148,

nehe | nds —AERB I 1Y E RERCR R RERCR

RIES i th 2 2o eI an =L (30) ~ (34) FiR:

U =Egr;+Epy;+ Ewr;+ Egiqi— Eseni— Evci — EpLi — AES.;
(30)

U;c = Egc i0pciCOPyc + Hgr i0ac,Mws COPoc — AES;

(31)

U + U = Egc, (1 —Bec;) COPge (32)

U} = Hpy + Hpvi + HorSux itwisiinx — AESy,; - (33)
U™+ U = Hor miwisOieeni + Pas AT (34)

K

Us, U, U, US U, U™, U ——i I 2% RIES
FIHL ., BRSBTS . B EChE A A&
T K SRR TP AR 1 3 FH A ity R T
H & (kWh);

Egrid,i

EEC,i Ay EEL,i
B i (kWh);

Sci i B2 L A B = A i 2o R SRV
T o o E S A L v £ L 4515

Saci Ouxi Oreeni—1 I ZI A FER I i 28 W i X
VA HLL, B K 20 T2 i # s b7 AR
AP = A (1 L B

COP;c. COP4c
A A PR E R B

i I %] RIES F P0 RLE SE 4 (kWh;
1 15 221 R 1 P AT L2 AR R BV A

HL AL S I v AL

Hp, i B 2] E B P ) 2 G (KW ) 5
wHB ~ THx %#&’Eﬁ:if‘ﬁ?ﬁiﬂ@%ﬁﬁ‘]&iﬁo

1.2.4 2%
1% RIES AL BRI B AL 45 LT 25K
D) BB A PRSI, wnXi(35) ~ (37) s,

0< Py} <x.ES, (35)
0< Py <xGES, (36)
0,50 =0 (37)
e
s —fHREDIR M EBR R A
X ——RETI A F IR R AL
2) RIES & RENR I FC Y3 :
FL B 2 B
ljie 2 Ufran,i + U(eiisp,i + U:ut,i ( 38 )
R S AP
U > U (39)
U > Ugty, (40)



S 7B TE Y R R P B0 1 SR R 1z ) X IR 5

B ARGz Ttk 159

%6 M X4,
U; > Uy, (41)
AR oy Ay 24 R
urt>uh, (42)
U > U (43)
ur>ut,, (44)

1.3 1RBIKAER

Wﬁﬂﬁ?ﬂ%%ﬁ#%ﬁﬂﬂﬁﬂwag
30 1 3ot A% Tk SR ik DU WS S0 B | WA SIONS B
MATLAB 58 F 3 FH B TR & %éj\p_%%;/zt”‘” 7i<ﬂél
SRR AR LG IR, B G T R st AR R OR
Tk g T A N o R, FESR R AR
Wi ZEREPNAE X, AR PR ERAE, v DA
IR RN, A RS K. SRR 1St
B v SRR o B SRA E SE TR R P N5 S e 1o A
A AT RAG G R T SR N 2 R R AT R SR e R
2 T A P st 60 A, AR Ry AL RN 8 2 3 Sl s
I o SRIG T B AR sRECR 29 345 X B R 4 7
KRS, ELE) H A R 5L B A AR I AT 15 2] RIES
FH P SR 07 SR | AR A R ML B A s
TToRME .

2 EBISH

21 FPHAgRESHN

PRI T r [ R 7 e — 5 SR e O £
At Tl FE X FE 249, 12 el XA 6 Tl Ak, 2
LS R A 22 Bl P 2, i FH e A o 1
BT HMRET R ZHE . M X A4 rh i B 1 /> g8
H St fifF 5 el X P 2 ity FH 7 ¥4 24 e, 60 £ 119 FH BB AR AIE,
mE 2 fis .

E 2 0] LAE H, B X 16:00 A5 FH H 7 ok 1k
| 18.63 MW, B H HHL A M e 7 Lh oAy 313 [W]HS, i
T H PN el X4 £ g 1 E, 67 T 8 3 SR AR AR, ¥
FITE 15:00 RN T 15.64 MW, IER 250 12.76 MW,
T A7 oy A7 6 5K B[] 1) FH B R 0, 12:00— 18:00 £t
far Y578 20 MW DL L, 1643250 14.47 MW,
2.2 ERNEMNZRFIMENH

ARG Z: 75 4y B HAN WL AR 1 TSP % B AT 1Y 28
TeAMEE I %2, 12 Bl DX 3t b B A7 97 77 A2 4 5
F 1 PR b XA i M Az 7 e S AT L

10

B /MW

é 4 6 8 1.0 1.2 1‘4 1.6 1.8 2‘0 2.2 2‘4
I ]/ %]

B2 TWEXARB%RmARETER

Fig. 2 Terminal load demand of industrial park in typical day
PAEE, AN TRk B B3 SORIES H A A 2] 3 BT 7R
T S o it SR o 7 S it 3 AR e, H AT SR
AL V& A 15 FROK il B 78 A SRR JE 17, A B e
FHA TG I, BT LR 28 2 AR e 0 e R A T 1
W, WA 4 PR . TER A ZE-G PR IR R iy SRl |
FIHZ OO AL, B T T 5 FOR A BRI
PR IR 1~ 9 VRN IEAR X 1], X F b R 5
A 5 b P 2 1] A R AT P R
IR ST FIWTHE R o 240 TR I Y — SO AG I 25 2R/
T 0.1 I, TR R A R 1 R &S PN TR AR Y AL
HH T R ZE S P 25 0 R e A AR,
T 2 R AT A SR P A A PR R A R [
T4 0.5,0.3,0.1, 0.1,
x1 FWEBHFHZFMENE

Tab. 1 The economic compensation mechanism of shiftable load
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Fig. 3 Economic compensation mechanism of dispatchable load
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Tab. 2 Installation scheme of various technical equipment
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