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Abstract: The Three-North region in China is rich in wind and PV resources. However, the system flexibility is
insufficient due to the operation constraint of “fixing power based on heat” on the combined heat and power unit, which
leads to the phenomenon of wind power abandonment especially in the winter heating period. To fully exploit the
system flexibility and improve the consumption level of wind power, an optimal scheduling model for an integrated
energy system with operation flexibility is proposed. First, according to the physical characteristics of different types of
power supply, the indices that quantify the flexibility are introduced by combing factors such as load, volatility and

randomness, and a supply and demand balance model for flexibility is also established. Then, the flexibility coupling
mechanism on both sides of source and load is analyzed, and
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the space of wind power consumption after the system
flexibility is improved is quantified. On this basis, the
influence of different new energy penetration rates on the
system flexibility is considered. Finally, the result of a
simulation example proves that the proposed scheduling
model can coordinate with the flexibility resources on both
sides of source and load to achieve mutual gain, which verifies
its feasibility in improving the flexibility.



166 i, b

E 4 %524 %

Keywords: Operation flexibility; source-side coordination; concentrated solar power station; multi-energy demand response;

wind power consumption

J T GBIV SEE R “hiklg . BkrhAn”
(ks BbR, &R EERER AR AR Y, ®E
2021 AEFRE X BRI TRHLA T ik 2.87 12 kWP,
TEFTRER B4R “ —=db” HIX, T “DIes”
iEtT 7, IR LA A IR T Ve Rl 32 B 2
SEWARERE AL, FIL T R RN, BR
il T RGERDHRE IR AT ANRE Ty, B AT TR RETR
RIEHRE . I, FEMZHRTE T, $RTH LAk
WG R G0 RAGTERT e 5 Lo e IR 44 | 32X
H I Do 2 [ A A E 0

FFEAR PRI LA “CLIRE R BT
W, PRSI A RGN, TS IR
HEATH R, I R PE IR A D
P RIEYE . SCER[3 1 L VRN R TS E, PR
T RGN TRIERE T SCER[414 5L T itk
R L B 7 55 K B e Y PR R DR O B R, 2%
fitt 7 AL H ) s SCHR[S-71 5 5 I A fiE
RGE VT RGNS &, IFRRIRRSE R IE A 2
FAEAS 5 SCHR [8-9 1 ik 70 LM T o it PRl , 27t
HLIER & RGEDY R IE M, HEMTAR D T 38 XU 94 1R
R SCHER[10-11753 8 1 FRHLIBE P HILAH 22 4 T 45 fih
R E LRI RE T RE ), SE R RS RS
FHZE HL AN Y RGP IR SCER R L A A
RIGVERT T e —E BT LIRA RGN R
T, SRR EE T U A TR B, R
S3 ORI A0 R s BT IR, X R G RIS R R
FHRORAR

7RI, DR(demand response )2 i faf Il $2 F
R RTEVEMEZRR . SCBR[12]50H8T T AT 557410
R, PRI G I AT Al RS 0 far A
FEG, BE0R T RGRTENE; SCHR[13-14 13680 1 XL
HLANT E PRI LA AL, 38T T REERY R TG
1TRedT, ¥R TIRHIHN s A, AR, A
PRXT IR A BN AE — E FREE AT , R
S EA AR, XA fE R EE —
SE MR ZS () FEIGIERN |, SCHR[16-17145 4

SRS FRE , BN T HF IS RGN
FEIR AR, WS T R RN SCBR[18]4%
T T B A A RS M R E T 25 R Bl 2 iy
TR i, e T H RIS R0 R TG AN JE 1 )
R SCHER[VOI SR Fr I 7 BE EAT T FARER S R LR
TEMESHIRPEBLE A BEFE . 1 aR SCBRIE] 1 75 K
N REAE L B EIAS , 9 R R G RIE IS 1723 [ 1R
FH, AR FE R B 7 A L R IR BILA 1 7 i s il
117 JEIFATEY

SCHR[201452 H T F B 22 395 1 AL TR VT E i) £ BE TR
AW T, M T RERIEM; CHk[21-22]
P T B R T VRN 0 R i, e TR
o A D R AN M s SCHR[23]5 B T 2R
TG IR DM A, T R A W 43 2 A A A
FESRWE ;. SCHR[24-25152 37 T U6 far SUZ HE Ak I8 JEE A5
B bR SOk T IR A P R 1, (A=
YRR A 0 5% Y L A I T R T 2R e R A TR
AFGE . BT LR AT, 353 Wi m] 6 far 79 4w
VAP GEUR, SOl “YRMTE SN, FEHm R W R
TEPEGEUR A I B0 T, ASCHE L 1 AN EE T 2R
SR M) R T it RO A H S 2R G I R A R ) R T
PEEE TR

1 BITREEERRMEE TR

ASCIHETF AR FRER 2 Ty X IS RS
RIGVERIFSE o B RIE MR — 7 B ] RUEE T XF
RGBT RIETEHATIPAS , R RGP —
SERREET, NP RGRE , & RIG TG
RGN TTEkEE,

1.1 BT REMSMES

FGE I RAE VR Y 25 5 R 5 FRAL I [R] PN Y 45
ML AT A 2 M, TEHERGREIR ARG, KL
2, A EK ™ CHP(combined heat and power )HL4H
YE L U CSP(concentrated solar power) % & 4%
T RIEVEIE T IIRE, HARPR AT RoR N



52 A, S T REEtT RIGHERNEZEA BER 2R SR es A £k 1A B2 167
Ny Nepp Nesp P IS P N ﬁ%uﬂﬂ t =+ 1 Hﬂ‘&ﬁﬁ N J)_(LEE N j\lﬁ'fji [':]/‘J
R® = Z PTu}ri,i,t + Pclgp,i,t + z PCuSpP,i,t W:t : Pt "
=t =l =1 }ﬁ‘{ﬂ!“ﬁ; ZUP N a)up N egup 5 /’i’down N a)down N fdown ﬁ

PTul?I,i,t = min(PT“li[a,)i( - PTH,i,t’ ui,i) (1)
Pcugp,i,t = min( Pcn:;,i - R:HP,i,w R(lle{P,i)

up _ : max up
PCSP,i,t = mm( PCSP,i PCSP,i,t’ RCSP,i)

d N'lH d NCSP d NCHP d
own __ own own own
IDt - Z PTl-[,i,t + Z PCHP,i,t + Z IDCSP,i,t
i=1 i=1 i=1
down __ : min down
Priie = min(Pryy ;o — Py, Ryg) 2)

Pt = min(Ryp;  — Pon - R
Plorie = min(Peg, ;. — Prg» Rigny)
K B FI R 43BN t A B R Sy iR R
WP S IR FIEEIA PY LR L P
HURE  Rinne o R AP BN U BE ok
HLAILAE . LI | ARG Y b R G PR
BRI RTEVERELS s Py Popic s Pspie 2090
HEECABTBE | A KL . B, Ot
PSR IIR; RY, L RY,, . R, A
t NEFBEE | AN KL LA e
s EIESGEA . R . RO RO MR t
AT T A KL . RIS L SR
TS A Ny, o N « Negp 285104 K HLAL
21, PRI, ORI R ARG PR
P L P S AN LA, AL
ORI IR ERR P P P gy
BT A KL . AEEHLA . SR
TR,
1.2 BITRIEEEK
REIBAT R TR TR RN
P

Lt

AF)L,t = PL,H] -
ftup = APL,t + ﬂ'up PL,t+1 + o, Pw,l+1 +

gup F)pv,tJr] + ﬂ’e F)L,tH (3)
£ =[ AP [+ Agoun P + Bigun Pogr +

Exon P

SRR R R EERGENY L
TR APt + 10 B e
RN R N OB GER G P, |

AR . KL SR TR D 2R 25460 E AT
TR TEHER TR R A AP RS i R
TR R 28
1.3 BITREWRE
RIGTER B RIGVELS TR Z 22, [FFER
A LEWFTRE 2 A0, AIRRHA
{Mrp -R" g

Mldown — Rdown _ ftdown

(4)

Ao, M M SRR BB R g A
TR R IR
1.4 RiEHRBE

AT R TGS L2 LOF(lack of operation
flexibility PR AR RGBT RIGE, AIFm N

T T
t t
Z acut + z acul
ot t

Lo ()
atotal
t t t
n‘ucut < Pcut < M acut (6)
t t t
I‘T-kxcu] < Pcul g M acul (7)

b o, Sal, b o1 e, KRGV,
FEROGIENL, #t I ZIFEEYI s . sEX0E, o B
15 o HARGARALTE BRI N G B, LT 5
P . PLAMIH t 2T . SO mER
We/IME 107, M BURKAE 10°,
1.5 BITREMEME FAER
RGEAEIB AT ] RUEE P9 BRI 98/ T I R 3%
PR T LA/ PR RS ERRR . RG0S 2RI
AT o] 2R N
PY —f® =0

(8)

2 FAE AR E R SR VIE S

2.1 EEAEMhERRALET S
K1 A REERE R SR R TER ST
RN SR BTG A R 3 5 r i e I 58 47 B I R



168 i, b

E 4 %524 %

B, Hrp A A R A 2 L B P EH (electric
heater), CSP Fi 3 5 fifi ks B PSR & A A2
& PN R A G REE T BRI U R T
PCTRRPO R SERBE R A, BARETT AR S,
DL SSRGS A o AEOGIRGE RN B, DefA
R T T R LIS 2 AR i i AR , TRBD
JCHRIS, AR IHAETE I, K5 H REFL AL BB A Ak
1t CSP WItEIAR G, SCIIRRERYAFfi 5 I AL A
o HUEM% & CSP 2 SRR, HERTASA
A —E A AN R] ] R TR I ik PRE , fE
USRI ML “ UUIBVER” IIBTTAH, &
R RGPS R ST T

=tk H S WLES
& >

1
é@léni%% ‘ ﬁﬁ@ﬁé
xiw 7N | RmR
|
| W

Hae s Rz K

b — L,,,i:‘,,Jum
ﬂ . age Y ) ﬁ*'ﬁfﬁ?* B
.
=ik ) st ey

B 1 BHREKSRERERILE

Fig. 1 Energy flow mechanism of CHP system
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Fig. 2 Space of wind power consumption
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