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Abstract

Integrated energy system for park can realize the complementation and cascade utilization of dif-
ferent energy sources in the park, improve the efficiency of utilizing energy, and reasonably inte-
grate advantages of various subjects. On the other hand, with the development of smart grid, the
potential for demand-side flexible resources to participate in regulation has been constantly ex-
plored. This paper mainly studies the optimal operation regulation of integrated energy system
for park when considering the integrated demand response. Firstly, the framework of IESP is con-
structed, three economic entities including energy suppliers, operators and users are determined,
and the method called Stackelberg game is given. Secondly, the flexible model for users is con-
structed and the energy flow coupling equipment owned by operators is modeled. On this basis,
the optimization and regulation strategy of park operation considering demand response is de-
veloped and the case is analyzed. The simulation results show that the park benefits more and
promotes the consumption of renewable energy.
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1. 518

ZRE R R i (Integrated Energy System, IES)FTHY R A &N RIR REMALIZATIN A, XL AL #
LZTROE RGBTSR AR BhRiEAT, SEIZMARRIE Z AL BAMIER A, AR E T REUE
LR R RN RES 48R 17, 800 1715 YeHE 1] Bl X 25 & BEJR & 48 (Integrated Energy System for Park,
IESP) /& T [l X (i gL 83 5, WSS s A PG —M, B HEMx g —, JFRLEREIEFI A%
HURELE . IESP H Z R REVRAL RN 2 A A 750K, RERE S ERVC AR B B4, WIHLSS, il
T FARBIF 2] [3] [4]. 15— THBEA R Be A B R & Je DL R e 4 i 58 3, 7 R0 AL Re
W Reg AT XU LA . BEA [l XA AN O, bl DX P % ol 67 A v U 0o [l [X 7 A AN /N R AR R S T
I F 7 K mi 3. (Demand Response, DR)F AR (8545 R i 9k & Fh 57 A im0 [5] o el X 3275 7 o Ak 22 RE VLA
B, SNRAIIRRIRE T A BORZE SR, P SR SR AR IR I 75 R I, K2 s 20 H A 5R I 1)
BRK R FEFU, HP AR TR TR, A BEETK, IRmARIERI 4], SeEllE X H
J R 254 75 SR Wi R (Integrated Demand Response, IDR).

BT, CAWZ%E M DR fEH ) RGN A 7 AT, STER[51 38R S B 2 5t Allig
ITEnTE, 25 EE AR AT 7 SR SR (S R U AR AR B, RS SRR . M A, R
2 FE AN AR S P B A R DY 2= 70 (s AT IR B, S R AR TR AR AL IR B R . RIS B R 5
TR AT BEIR 7 2 R — R FIRI T 5o 1% 710G T SR e SR N B b, (R R ST T A
REVRTE S, 0T 2 REIRTE MR & REIR R G ERICAH AR, 59 AMETT R St U P 2R 28 22 S 5 T AT
TGl SCHER[BIEIA T IESP H SRR E S H,  RIGE X Py ol 1 B 6 b7 ELBER ., 5 B 4 i 58 3
HZN KR TN B R % SC R T IESP (SRR IS AT 4, A SCHE 2R BE A AT T ek
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b, R G ) A s G A G B RE SR A iy, FRRRE &GN T CCHP SRR &4
M — P42 48 [ X 25 & BRUR R TEINH . SCER[718E 1 SCHR[5] [6]H Ffar AL — [k, K H
FIXTFA L B BEZ BRI T RN TR NG P, PR T ZREEAMT . ¥, RS T SR AL
i, AESCH BT A28 A 75 SR B ASOA BEIRRR & 1 4% SEIL IO AN R REVR R G BANRI A, X Fh T X g s
ook R, AR FELeun el P O SEIl B SRR iR, WA AR AR, R B B R T AT
N, BREETR AP Z AR EE) . SCHR[S]H 32 AR Bk el [X 32 78w A X 7 2 (R R 255 AT
N, G TS E A P U B . AERAZSCE IR ST H 32 M RZE TS (1) B S A S8R (1 S
PR S, WIERF A A B &N TIERE.

AKAESZAE BRI EERE B, 5o, ME T IESP HREARHELE, Fxf e [X iz 7 e Al X
FIR R 08 RFAT TR 0 A AE I XIS E R HE sRIRE Y, R E SRR RN, BB R X
[ R RAT Ry, BRI A7 FI oG 2R, AR SO A BT oA e, R 32 I ZR (8 4k o 41 51
FR, WA 1ESP A oA B, LA e AR B SRR AR, R el IXR P R SR v e AR, et [l
XI& & F G AT & B & AT @A . 7R UL ISR L, W28 & 75 SR RL XS 1ESP 3847 BRI, BPF, <.
AR A BRI AL REE L, SReMM GBI 0. B8 OGE IESP BT &bt thfabs, file T%E
IDR f#) 1ESP iz 47 Ak 4% 5 & 9]«

2. BRGARERGEE
2.1. IESP #EZ2
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Figure 1. Framework of IESP
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1ET%)2H F 1ESP 5 3 MATFIiA:

1) BRURBLRIRT: AMTREIRTI P RAE. RRSIIE L .

2) WXIZER: AEX WG E. 25 H . LM LIeIR gt p L. RIRSREE, FF1A
TURE O P SRR e, WRE. ITRUS TR X AR R B RS, KBHRESRE R RS, L
KA el %, G55 CCHP ML, HERE RS, SLOARGEREREZ M, NHPREE
FREEIR T K o i bR Al BB B SCHLAL LA AN 55 SR B R AR AL, $ v S PR BRI AR 2%, (RidEkRe
AN, I HRRSIREUE M FE[10] [11].

3) FEXH: HFERBMEAHER, . AAfFER, ﬁﬁ AT AR RIS AT 2 47

Bl 1N IESPAEZE, FiR 3 NGk 2 8] s fRUEAH B A HE[PSE ¢1%\ﬁi\ﬁ&%§,ﬁ
RV X328 T IR e R B e X Re YR BRIt T S A .
22. BXARF

el X FH P B 7 A B A7 Ar 8 AT A W AR B 1) ANTT R A% B FL A I 18] BEFR) B iy, ROV 4747 (81
MEWT . BOBR I RORPER. . R IER); 2) AT DAREHS BLARS R B i sy, BRI RS S (1] 40 fa 39
. BAARIR P BURW #5K) . S K DR AT 70 g AN a2, i T 30ab 2 DR 32 2L DI SCER
W, HUEIASBINNG, PRI A B AN AL IDR. A& B IDR 1, B X 3@ 8 il i 8 F AR (R4 I B
LRSI, T RE G B iR m BEIR A%, SR S1 S ERE A  R A A RE D (MR E B sE
JEAR), 3K B A IR

221 EXAPEREE

bl [X HBRAZA . RARA R KRN, (HXH RGBT RE RS ERA R, NET
N, ASCKE B E T IE X ZE A REUR RGN ZBAT I . TE A5 % OO R DS IR A 18 SO FH 1 B At
b RSO AR R R H (AT R B, R R E A A o ) A B R R G A Y 200% 20%
20%. bRKARFH T AER,

PtsummerEf = 20% x PtsummerE (1)
Ptsummeer — 200/0)< PtsummerH (2)
PtsummerCf — 20(%)>< P[summerc (3)

Hoepr, PMCORIEIRE TR G g, P OIS R AR S, X ATHLEL HL C, pRER L . v
el DX P (R 428 Ay )1 A% BE R e B MR (PR o 8 7 MU P I RERF IE E iR, #E—

AN 7R A R RIS AR AT 5 0 KT A% B ARBOM O, Bl — AN R H g R R 21 2
BIFAA. R t I BRI G S R e B AR By, AROR I BT R . % B HUAt i Bekg 3
B ¢ B RS A BON IR, I B sh B Al N B i AR G O UE . BRI R AT R AR
224 PsummerX _ zzl PtsummerXDR (4)

t=1

PtsummerXDR SECEE RN SRR P T .

22.2. EXAFRBfRRE
Bel X FH 1) H AR R 8 U T LRI N

min U — Zt:l Cte PtsummerEDR At + Cth PtsummerHDR At + th PtsummerCDR At (5)

HoR, o oMy e BRI X S B, R R E A H B, U a0 X
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23. AXEEHER

231 EERBEREFRY

bl X AL S R AR St CCHP HLAL, HIRMCE R S8, KFHRETROE AR AL (5 oK IR il v
B o BLIT BN L3R BETUAR & 502 HEAT A

HHAROL XL BT B ) AE B B R 2 I TR AR M 2442, (HIL R AR BB
(7] I} 5 R B DA OG PEANEHR ,  EERS T 0 134 R B 4 R B AT T 00 A A2 A A2 AT IRTUE RN o AT AR S
B A BETUR G B (1 RE B MR BN E fH

B RERURE & B AR Ay

PSP s peCH ©)
RCCHPg — RCCHPgZE + PtCCHPgZH + RCCHPgZC (7)
R? = R ®)

P = Ngnpeax X R )
RGHPe — RGHPeZC + RGHPeZH (10)

R* =R +R™ (11)

R = oo PP (12)

RO = sy R (13)

PN = munc RN (14)

Horfr, PECHPZX g CCHP i AN IR T, 2. AR, PPy CCHP it . #.
B, PEPIN CCHP i NFLE RIS INZR; PN Xz & i M BE TR BN 7 Ik i s RAR R T
PEFPX S E IR M N I T AR Tha; PO O IR GRS A, A IR RO IR
PRI B RTIR, PP NEEHTH A FE RO BIIR; P AR X 12 7 A AEIE AL 5 13 1 5
R PPNUORRIRAR BRI EIGRE: PPN Rk R R POV PN N RO R GBI F
T HIR S RERE: BV L PENORBOLEEM AR GBI B nogupgx 77 MY CCHP #UE S
A R AR Naypex NHLIRHGEHE I BEIA R Noyne NIGIRK BLETEACE,
Nsunn NEICERIIRE: nyyne NRICERIIEL .
TR B W AP AERLA NN

RCCHPX < PrgaiHPX (15)
RGHPX < PmGa;'PX (16)
R® < Prax (17)
R? < P (18)

Hordr, BT CCHP it (¥ s, #. WA ThFRECRME: Py 9 GHP it I3 WA ThFRBCRME: Pry v Po
N X328 7 A BEVRBE IR TN B RS . RAR D R K B
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2.3.2. EBIAASMNHIE

Wz X RGNEN MRS, AFEHAMMERE RGN AL HIA . FIFRMREFER FH . AN ]
G R s O e, B R BEAT R L, FTRAS HA . ISR, . AR e
BT sl. CCHP MHLALRIAE K HILIhE ., FUEHlNINZ, FehlidhR., SEBPER., KR SEA
HESRYTIN

A < A2 R R

PIED Ioe (19)

FHorb, ™ R ARTRAL N R BT B A, R RN BE DRGSR AR B A T TR E NS . X s E
e A o R T ) el P P B R, AR AN R Y RPN T RE IR S L R L. AU,
X B RE S E, Bk E RN LR BRI H[12].

P B R A R

CCHPeN

(20)

CCHPhN

RN EREE RS A T

=G x CCHPeN (21)

p
WREM TS, ERGEEMERTELT, MAEWwIEE BT m e B R, THERONRE,
IR, SRR TS R I TR R I AN RE SR BRI T 1 DL o (ELAR SCER R SR S 7 SR A
B PR # RTINIA R BE 7T, 5 BARKM IR R A K.

233 EXEZERBRRY
el X FH 7 1) H AR R £ O W] LLRIR A
max O = ztzjl(cte PtsummerEAt + C[h PtsummerH At + ctc PtsummerCAt)

(22)
(R AL+ ¢RI AL) - (MR AL + ¢PTR At )

Horr, L ¥ AR PR RRUR BT T RS AT AR SR . Ho, O i i X s B R R A R
B el X P 5 RETHR R (R R 55 A REVR B R D RE T BRAS . W] P eI & I AT 4Ry R 2 22 RO
FEA RGN PR EIIRM,  Pr Oz E AR 2 AR -

2.4. Stackelberg 1 ZE#ERY

24.1. BERER

AR EA R, WA 3 AN BB R, HE . WPiE. RN A R R Rk
M —J5 s o o BRYE A SO0 RS SR P BT PERATS). XU fERgEH
HY Bk SR 5 DR R A T, JF HEAT SN J5 TR, RS, DRSS ], KRR
RO AR E % B ARSI, ZE25 BT AT BRI MG, BLORIEAE XS 75 SRS N SEEL A BN H ARtk

FEARSCRE R v [ X 38 7 R0 el DX P A LA ST B 2 24 o Bl X8 78 ol o M BE DA L e T
T E REVURE S B AN SR h R, o T 1) FH P B REVE AR A, SBL el IX ATV B O A 2l i KA o el X
PP AR el DX 32 7 ) (I REVRAN K, AR B SIS i 2k, SCELH T B S TR RE A /b . BRI,
FEId D2 E e Re IR A, 25 B B R BRI, 3B R bl X P ) 5 SR AT . B X aE
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Hoyoesd, WIXH PR BT EE w2 SRR AT Je 5, B X3z 3 7 ) T 1)
P gl EN G, HARELRE R SRR RN GBI EXOTER, BB sedEnReH
AT g, A REERSRF AR S . X R T 56 215 BAlA . 3 IRl K 3 1 4
RN R B W] DR iR X Fh 2 5 FR R B F AR G R . Hmik, AR A 32 25 (Stackelberg 1#3F)
JiEHAT T

fE IESP HESE R, F IR ARSI . WX g rwemm AP g, S, SN0
cth ooy s HFNRAHS RXAMSEESHAR. Al KIERIREIE. & A, UHE
S ae A I ME S HFR(EN(B)), e STt 2k, I 1a1is 8 R bR SR it 2 A2 2 I Ta) B i) m] 4 47 A
Pt JEE R ECE P R HE RS LAE BRI (S RES I RE 2 ) SR B bR, EE ) HL
o Ares s oL el HE MR, MG EE P IS E RS . IR EHIME IR N RER .
F P 4kt B 5 10 ae A AL, BRI E B8 XA Al FEn] B — I AT ge 2 A BRI T
— LR B X7 3 B 1 5 2548 (AR SC b 1R 2R 2 47 B g a8 7 R A e o B ph 203 B B SR R 1
ILCETAR

25, KIREVEEFIE

FMEZER T Z N X, F bR U R E XS E R A R RA, PR/
WA ER, LRI . ATeRRAR(G). ENEZRR LEAE X e E R, HHARRE O RE M4
el X 3 75 i A s R B ] X P i THE 1 5 N R 90 I 7 DA B R A« T A BRI #5038 AT
e 2 2, BN HAr, AR . 7T R N(22). 5T FERXA T, L%
HaFEQ)RR@). T EERXEZEER, HAHAA6)2H(21).

b b2 X s E AR AR AL, BT DA ST IESP A Ak 142 1n) A A 2R M A Ak 1) . R FH 35t
PSR AR

FREZBFEAREN TSR

B L AR E R H R B AR P, B ANRERAR S A IE AT
SR, T XIS E T BB TR AR I L TSN

BB, 2: WIGAREE pl. AR KSR SN AP MER. 8 AMKE, SRR R &
HEPNSP B

HB, 3. FXEERAEXHS FRE. B Arct. . .

BB 4 FHTESE, WXHPSEASME. AETRL, REBRREI R, & A0, UA
B R A e M B RRIEAT AR, e S 2R, I IS B R bR A i e S A B ] B R 6 e
PN X R SR A

PHBS: TR N. AR, W p2.

$B6:. HELEA, FEXBSERFIFE SIS B. % B>A, M4 pl=p2, A=B, REBkitE
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S| glokE FEFREXEER TR, B Bhct. o .

DOI: 10.12677/aepe.2020.83007 63 CEWARSiicy) by


https://doi.org/10.12677/aepe.2020.83007

BB 2. MHLIERRRMTERME XA K XEs, e, # R0, e m Lk
By L VG I R AN TR B IR RS 4% B BT

3. EHIEE
3.1. EHlrR

ARSOR R AR 2 i MV 7T e S B bl IX 3R R 80 S84 REGIEAR ST 1 1A el X 32 75 7 5 5K
i S R GE N REIRIRE 5. 1%V TR B 4L & e & SR 1 R .

Table 1. Parameters of related equipment

*= 1 EXRESH

P& A REINE i #h % e 1h %

CCHP #L41 120 kW 120 kW 150 kw

IR RS — 135 kW 115.3 kW

KBHBETE KA R G (5 Hok R =il 4 AL) — 240 kW 130 kW
JRR LRGSR 605.88 kWp — —

H AR ST 3 R U R G A 7 SR N P el X 45 RER AR GTas AT LA %, AT 2 il RE 46 (R A
A el XA P i Bt T, AR S R R el X 1R R R ) SE B o Bt b X AR .
JOR RS TR FE e v TAREAR L, BEfs A SR T K 7K

3.2. EHISHR

Kz R WA H P70y 24 ISR B, BN BURIARO 1/, [ BBEAE S TE) BN R SGE R0
SRAREBAL, AR AR 21 ¢ (U B %A S AR B ¢ U

R EUT 2 MR X 5T REG0EA . Wit 1 BRI & A0
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TSR AR, XA N S 2 AT 20 B Bl e b, FP s St #2601 2 o .
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Figure 2. Curve: initial load

Bl 2. APRRiat izt

DOI: 10.12677/aepe.2020.83007 64 CEWARSiicy) by


https://doi.org/10.12677/aepe.2020.83007

K FE IDR FIE M IEZEIT, 78R 00:00~04:00 AR 21:00~24:00 X M E] B, 7 X P IE Ak T
PRI B, T4 H G AT B R K . 7E 05:00~20:00 FAH TR B, [ X R P Ab T RIDKE TR FNESE TAERY B, R
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Figure 3. Curve: electrical load before and after IDR, price of electricity
3. R L. IDR FRIE AT, Bk

- Y
IERW s e MRICTAW)
100 7 715
80 1 114
60 ] 113
407 112
20 11
o] .
1 1.0
720 -
40 ] 409
—60 1 08
—80 1 07
—100

T T T T T T T T T T T T 0.6
01:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 B} %0/h

Figure 4. Curve: controlled electrical load after IDR, price of electricity
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Figure 5. Curve: heat load before and after IDR, price of heat
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Figure 6. Curve: controlled heat load after IDR, price of heat
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Figure 7. Curve: cooling load before and after IDR, price of cooling
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Figure 8. Curve: controlled cooling load after IDR, price of cooling
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Figure 9. Curve: output power of the energy flow coupling equipment
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