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Fig. 1  Electricity-heat characteristics of extraction unit

12 EEMENKERARERE

M1 LA s TRt nT A AL K i i
S EIGE I AF ARG G A, LR RE ) 32 BIAR BRI
B I AR ] AR T HR T R AL R H
PR DAARGE L A RTE T T A i ™ AR Sl 7ERL
AN Ak AR AT TR ARRGE FL 7 BRI 2R
TEAEFE XU B, HILZE AL RACTR] i o) fidf 408 8 28 A 7R 35 X
I} BE, A PR A SE AR AR LA Aty B2 T KU
GELECT
1.3 EBRIPRFFE R RIE

HL B b A L AR IR R e RORE S oT R C B AR
T FATE AL o TR S KR R B B RE A O HE 1
A7, 83 AR TB) B SR v, L S9N R0 O RE 7, 412 i XUER,
s ], SCREAE g AR SRS A AILZEL B R L 2R,
JETR I R K B R AL s th o i —
A4 A BRI L B R R R R

hyy=@Py, (2)

T, hyy Py —— HU B0 BEER ) AL DR, MW
o —RLIER I R A
14 fiEHEESBRIPEHAE AR ERE

FEFAHL LA IC A AR T RERS AR PR &
LS AR T HILLH VA s ) AL ), 4 XU O
Pz fa] o p T AR B SR BRI, (S i A )
BLLHL PR AT SRAT — i A 7 XA o IHI 35 7 67

I g T ok it ke B AR AL, ATt — 4R
e UL T 9 23 1]

2 fRAERE

ASCUI R G2 B IS AT AR H bR R %8, 2T
P HUBA -5 i A DI R A A S ST A RO L AIL
AR R B B R IER G R G TR
DESCTE B R A U, SR GEA R P 2 s o
g > e

% 4
p L I L I > L

K2 RGN
Fig. 2 System model

21 BfREEH

KHALZE TR A LR e HE T 37 Sl 2 i Tl
9 R OB 2 -

fP)=a P +bP! +c, (3)
E(P)=u,P))’ +v,P{ +w, (4)
X, a, b e B BGILANIEFREREG u o, .

w, — i YL BRHERE R Pl —— ¢ BEZI5E
BHLH LB H T, MW,
P AL BEFE A SRR HE G R A

LP)=a Py +b.P +c, (5)
E,(P)=u,(P)Y +v,P, +w, (6)
Pi=P +vh, (7)

Krh, Pl—— e W25 i GALALZE5RE 00T KT,
MW; P, ——¢ BF 2055 @ G HLA G & J), MW
h; ——t BRZI5 @ G HLA AT R MW,
GEBIE ALV REA T A BAR N B xR,
AR IEARE LA F,  BRHEFA F, o
ZUF IR A AR R ECH
min F=F, +F, (8)



918 WRKEE A JE TS (A 5 Rl PACHE R R X R T A AR R 22 5 A 23

X, N, LN, —— KL BRI LR & —HBi%
HER A 250, TTh

22 AREH

221 REAR
1)L P 4 o

N N

S Pi+Y PP, =P+ P, (11)
i=1 i=1

A, Py —— ¢ BEZI A, MW Pl —— ¢ B2 XL
FL IR EE DR MW,
2) - 2y oR

‘\‘2
zhi +wxh:] + h’r:u = hll +(1 - w:)h:‘ ( 12)

A, Ry b — o I 220 PR B AR i A ) R
MW 5 o, —— il PR L A RCEA A 1 A2 B (O i, 1

R
3) KL 2y
Py <P, (13)
K, P, — ¢ BFZI XU T ) 4%, MW,
4) HLER I FE D R 2 B
0P, <Py, (14)

K, Py, —HERY HLIIREORME, MW,
S EIE T A

S.=8"+(h.=hy)
0<S'<S.. (15)
0<h'<h,,,
0<h' <h,,.
K, SO —— ¢ B ZIGEAE &5, MWh; S, I KAt
AR, MWh; by, ——SEERRITECER D)5 19 B K
{5, MW,
222 MAZR
1) KL R 5
Ok AL 25
P.,.<P'<P,. (16)

Kb, P P — 5 1 B /NIRRT,
MW,
@k HLHLZH e 2 3
-P,At<P/ -P'<P Al (17)
Ko, Py P —55 0 LA T A SR, MW,
2) P ML 29 RS
O LA AL ) 25
max{P, ..~ y.h,oh +By<P. <P, . -vh (18)

in

P ML LR T E N IR 2R
Riin <h: <h, ., (19)
K, b~ hoe —55 1 AL/ T R KA
I, MW,
QA HLHL FTEHE 2 3
{hf -h'<h,, At
B =hi<h, At
K, kb, —55 1 GOLALEERRE Ty 10 T A e
PR MW,
QI LA LA H g eI 24 3
{P; -P'<pP, At-a(hi—h"
P'-P.<P, At—ah " -h)
K, P, P, —5 i HLALEE R I 1) AT |
eIz MW

3 MERRENAIIERESBRRFED
EINENXR

filf AKE B S R IPON T R G I, A X 7E—
FEREE BRI T RIAAT S I R R BB . P A%
MRS A 2 HE BRI . HIH X YRR
TEAESZ A PR BRI R A B A IX 40 LA
P DA R SR R S AR
PR BEEA NS AT $ g 1 20 XU B RECR | T ELRE S 15 2
R OE B4 9 R AR o 7 A A i PR 26 A I 3
FOPLAL I T, R RN 2, & A TR KR B
1o AEFE RN BE, ARYEIZ B G LU B30 e pLAE T
VEAE S/ INEER T O, Hedm/ VAL g sk s QRN
P, ..=ah +B, (22)
FL B 7 B BE A D BAVURL, RA R (AL B A R L, SLRE
Vg v S AT, 4 s HILAL PR A RE g o R B P R TS 455
W, B XU BT I R g ) e, R 214 30 o e i
e DAL B A A5 PR ) 3 e 14 AR, JHG 7 XSS D) S5 AT e
o SRR A5 LGP SR, — 5 AT LR S AN 28 B 19
I, ) — D T AR AR AN B R IB AT A . R A
FEMHIFRE RN -

N, N,

(20)

(21)

el 0 (23)

0, zPiL.min +Z(O(,h: +Bz)$PL_P:\LI)
Jo =0 B BT ZE I Bt B A T 2RO
&, W PSEIEARE; Jh, = LI, RGAETE ST, fif
PR EAL TR U L B b S T BOAR B R A



24 D N Z I R S 414
LIS, 3T AN AP B 24 o B 20 01T I ,
1 P'_ h' P’ P'H\ N
He = 2 '+2[a RIAI> S (oa)  TRRBEHCEBEALE T BLALBAE ) LR AR, | Rl
0, ZP Z (hi=hy)+BI<P;~Pl, K AR, B ATR(29) R
S H, = O I HURRIP (RN s B ARy = mindhy b 4R, f = b (29)
AR, =h!=max{h,..h" = h,}

4 Hy,, = LI f ke B LR [R] SO ri B by, ey vl 4
L?Fh{mitm?ﬂ'jﬁ*ﬂ(wﬂf(zs)ﬂj‘ EE5E AN

v, P, - ZP P, ~N,B,.
;mst; E - =h!,. (25)
o mmaxo,o,, 0,0y
{ﬁm=maXiBl”B;-'uB.:}} (26)
K, bl ——RIERGEA KA K%, I LA ¢
B 20 T fig & s R e KA g
it FE LT AR A
R+ hl+ Ry =h (27)
A, Ry — T 2 AL PO 7 S R R AR

MW,
ARAE X (27) AT e H Ak AR PR D AR R i v
PIE ST WP

PL=S Pl —PL-N,B,.
hL_ N2hfl+h:l+ =
ama
P;ZB = :PEB.pmin
®
(28)
K1, Py, ——FE RN S I, MW,
4 HREUKAR
R A S | AR 2 AR Ak B R

AL T RO AT A B 1 ) R SSGH  55018 , T T
Bl T B 2 B A REB et . A SCHE BE kAt 134
NN R R TR L PO RUE SR A R L N ES I S
P $ R SR I T R kG AR R f

X T K LA AR AR 20, AT T AR AR BEAH
X2 Yo T SCFBLRHLA B, B A RS 2
W5 RGBT

DL S B R A LA HGE F1 89 R BR
o FU Ry MBS A h<h, , WHL h=h,, ;45
h>hmm,ﬂﬂﬂh—hm“Jzﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁwﬂﬁﬁmﬁﬁé
LFBRAR,

2) PR T €3 2 5 - PSR — 8 FE I B U, i F
Eﬁﬁﬁ%mmﬁwﬁ%ﬁ ST

3)VHERS T A 2 o AR S (12) 2 750 e AT

4) ket Ty 2o R A R T R A R R
Jei Ak O 2R AR AR A AR A T
o RPN (18) THE AR 1 T BR X AN A 245
(AR Ty AT A ARG (2 1) HLAL Rt e 24 5
1% —FIBTICHE L A T2
[F B, R B P T AR L 2 o e IR (14) (20 (28) 24
FVENT G G AT AR ST A AT AT A . IR
BE R RS B TR A L AR - HE AL kG
JE HURE R B vy, B AR A 3 iR,
i
[ BWREHAS AR
\ BRI R \

v
LR 45 BRI S AR B P IR A
JXKEE{#WTE%&‘ 2 DR R Y

\ R
v
IR

‘E

oy

\ FE:

gl

TR TS R, ST TR
SRR

!
[ R R
-

a m&#ﬁﬁ*

\ ﬁﬁﬁﬁﬁf |
8K
K3 doki i AR AR
Fig. 3 Algorithm flowchart of self-regulating improved

Je
R A

W

particle swarm optimization

5 HEHISH

51 EHIHE

AR 6 ML R H 4 SRS L
41,2 G KB HLAL, XU ZEHLA B 300 MW, RGE2EHL

AEHIImME 1 PR IVEA XSS E SR 13], 4



918 WRKEE A JE TS (A 5 Rl PACHE R R X R T A AR R 22 5 A 25

S EBEAAT LN 500 MWh, BRI, 60 MW, BB,
HLRP R R IR R 60 MW, UV HUIREE I R Bl 0 50 EHIBRB A

4095, & WL 15 JTie BHILL—K 24 h S —A~ 1 B So1 R A A

W RCTRREITE Ty U AR TG PRS2 L [ 6 B o 4 F0 24 SRR I ARACR IR . 1
1000 MW o ARZER B RSB IPI0 p comnn Se |  8 IHE (22:00 ~ 7 H 06:00)
4RI S FER . FEREMCBBOR R B TR o oo BLAL T
1230, 0,209, 0,204, ¢ 2. 202 REBHE g gan iy 230 Mwh, FURERA AR, SR 3

i - =]} N, I~ \/_, M2 =]} Q‘ N eid - —4 N . N — . .
Bv=1, BOGERUE 200, BAHTE 0 =107 Fh R 5 A A (A, FE UL (LA 05 MWh, 73X 4
4] SR E . . . N . o =
w1 OBREASE S L R 5 A DM, 5 DR 95 P it
Table 1 Installed capacities of power grid se Aol 4 FAEHOT 2R XU Y 49 B R L T 35
DL A E/MW JIT ki Ee 1% T, 38 A ke P BT — R B AT DA
KL 2 %300 26 PRI 24 B {2 A2 i AR T it R AR ST
A HLA 4x350 61 SE, FLAEEREE T A LITH 9 5 X0 SR, FL SR
R ML 300 13 S it BT AR BT D — 8 A PR
280 - 2R SR
270} 280 — gyt
, — Ji2
5z 260 260 543
= »0p — 4
R 240 E 240
230 =
Z 220} = 2201
210} %
= ool E 200
190 ¢ 180 F \ /
180 1 1 1 ! | ) — J
09:00 13:00 17:00 21:00 01:00 05:00 09:00 160 ‘ ‘ ‘ ‘ ‘ ‘
i 09:00 13:00 17:00 21:00 01:00 05:00 09:00
4 Kb HIZ A
Fig. 4  Wind power forecast result 6 MURLIHEVICRT H
Fig. 6 Comparsion of wind power accommodation
2100,

5.2.2 itk B BEAE Lo BT
K7 R 772 2~ 2K 4 flpicke B AT [, 3 R
77 S I8 3 467 385 F1 420 MWh, HIE 7
AL Atk B A e R Bk 7o R Bt . Tt 2
60

2000
1900+
1800}
1700
1600

A D GUEFTI 2/ MW

40
1500

1400 . . . . . .
09:00 13:00 17:00 21:00 01:00 05:00 09:00
thEd

K5 AU imnss

fHIRIL 2 /MW
S

-20
Fig. 5 Active load forecast result
~40
s o =y _60b . , .
FEOIPIRIAT 4 AR, Sr B @:00 13:00 T7:00 21:00 01:00 0500 09:00
LA T L R0 20 R B R« Tk 1 B b2
SRR 75 2. (L R T R 75t 3 BT R R AR

FHFR 0 5 i e o ST itk 7 2 4, HL B 5 i et Fig. 7 Heat storage condition of heat accumulator



26 XK [H

s 414

p

£ 01:00 ~ 04:00 A B fifs A6 B i D) K 35 3] 60 MW,
Z AT PR B, HLALH T IEAS L 5 5 B s
Wo 733 FOrat 4, M TR 2 fl IS & /0 LR
Ja F LB o Rt T 4 A 3 3 VA i
2 U2 LB IO TS AR TS F R s B /N
T, HH AR B DR,
5.2.3  HEERIEERGE TN AT

& 8wl FE s U], 77K 3 507K 4 i b
P S4B 220 F1 120 MWh, HL 58 OR T — 385>
AT 0 R KR s ). et 4 76 55 KU B HL
W/ NR Sh R TR Ry 33.7 MW, I DL /NS Sl ol R
TEURIZ AT, REAE S B HL (9 58 2T 40 .

50

L_VES
Wy

09:00 13:00 17:00 21:00 01:00 05:00 09:00
iR

R IER: Y o S )

Fig. 8 Electric boiler heat output

5.2.4  FRAEHLA LA R G oA

AN T 2R S LA B At % FERICR i 9 i
LT 1 TEFE K BE(22:00 ~ YR H06:00) TG fi# $i ks
B IV MLAT SR U Y B/ R LR ) 4EFF 800 MW, T
2, A LA e il R B, B T A A B R A
HLRR A 200, SR L2 I F 1 ) A 3 KU B R B T
Ualo = 3 T 4 e T H B P e AR [ B, R
T KA TEE . J7X 4 75 R B, B AR 5 i
P E M RAER A L 5K 2, SR LA PR A RE T
52.5 4 FstT Iy AURBRE TR B s

4 Pz 705 SR B A AN 2 TR, Y6k B O
58 A TH AN RUHL IR, SR JFH R 5% Fi i e 5 i e 8 i e 18
WO, RS T E A S B B /ME R 1011.21 7
I, HoE A REL i HE O AS e AR, 5 3 A
T o720 2, FHEEFRE A R HE S AS 48 L R R
33 R R b 5 0 ke B A (I A T — Y
FE R, (H R HU B A 5 i R i D IR | T R i
FFIA B B, B b e ) R i e FEREIR 2 . R
J7 3K 4 i, R A TR AEE A TRAS SRR R AR 8

PN, RG T I TE I AT

1200

PP MW

600 1 1 1 1 1 )
09:00 13:00 17:00 21:00 01:00 05:00 09:00
2

Ko L el i xt ke

Fig. 9 Electric power of cogeneration unit

R2 FAELERER

Table 2 Comparsion of dispatch results

BARINAS AR BRHEL AP

sk - i "
i ¢ WA AT
1 969.45 50413.33 75.62 1045.07
2 956.32 45946.67 68.92 1025.24
3 963.54 46946.67 70.42 1033.96
4 950.23 40653.33 60.98 1011.21

6 & &
Gl = Ui X " & 25 I 7 R BFE T RT

152 EhL B AP 5 it IR L LA 3 29 DR (G B 22 6

PEASERY 5B B AR T 4 RO R RO 2R U 2
RORFILITE58:

1) 38 3 2 i 306 B BB 7F — MU REE 3T Rk L
FGE LA R 2 3 AR r LAl i o T B TR
AL A R RE ), (R 0E IXUFRL T 40, 3R 558 22 U P05 AR
FEAS I P B 80 T 1.9%

2) AN C i A LA LU i A S L R
S PR 2850 FRBE AR I D 0.84%

3) K A A5 R AR A 5 e B R RO 5K
B i DR DL B INE S DRI RIS TR, T SE R G
LTI A AL

(5% 30k ]

(1] EZERENR. E IR THUr 2016 42 B2 XHLIH 4
TAEA KB R A8 1 [EB/OL]. (2016-03-11) http: //
zfxxgk.nea.gov.cn/auto87/201603/t20160317_2208.html.
National Energy Administration. Notice of the national

energy administration on 2016 wind power consumption



9 1Y)

WRKEE A JE TS (A 5 Rl PACHE R R X R T A AR R 22 5 A 27

[2]

(5]

(6]

work related requirements [EB/OL]. (2016- 03- 11).
http : //zfxxgk.nea.gov.cn / auto87 / 201603 / 120160317_
2208. html.

FRIEAT, Wi, RS LR R G RO R AR
B e L) ). AT AR BRI, 2013, 31(9): 1-4.

GONG D R, CHEN D, YUAN Z Z. Mathematics
calculation model and application of CO, emission of
photovoltaic (PV) power generation system[J]. Renewable
energy resources, 2013, 31(9): 1-4.

R, KE, BRE, S A R R AR A
RGELT] P EAHLT RS, 2014, 34(29) : 5063-
5072.

XU F, MIN Y, CHEN L, et al. Combined electricity-
heat operation system containing large capacity thermal
energy storage [Jl. Proceedings of the CSEE, 2014, 34
(29): 5063-5072.

MR, tR&, T, S Al R THIXURL T 90 RE T iy 52
it )7 RS )], R H LT AR A4, 2015, 35
(17): 4283-4290.

CHEN L, XU F, WANG X, et al. Implementation and
effect of thermal storage in improving wind power
accommodation[ ] ]. Proceedings of the CSEE, 2015, 35
(17): 4283-4290.

STRECKIENE G, MARTINAITIS V, ANDERSEN A
N, et al. Feasibility of CHP-plants with thermal stores in
the German spot market[J]. Applied energy, 2009,
86(11): 2308-2316.

ZERETE, IRIR, VRTOME, A AR TOKIRIAEEOR Y
MR T]. B R G A S, 2012, 36(17):
25-27.

LI Q Y, FENG L M, XU Y H, et al. Accommodation
mode of wind power based on water source heat pump
technology[,] |. Automation of electric power systems,
2012, 36(17): 25-27.

JEATHR, R AR, 2, A5 T AR XUH B O
BE R G HRERE T M (). Wi A sh Ak 4%,
2013, 33(4): 30-34.

LONG HY, XU R L, HE G ], et al. Analysis of peak-
load regulation capability based on combined dispatch of
wind power and thermal power[] 1. Electric power
automation equipment, 2013, 33(4): 30-34.

R, 250, BRRAG, S5 SE T B AL T A
W T % R R AT ] o R A gk,
2014, 38(1): 6-12.

LYU Q, JIANG H, CHEN T Y, et al. Wind power

accommodation by combined heat and power plant with

(9]

[10]

[11]

[12]

[13]

[14]

[15]

electric boiler and its national economic evaluation [J].
Automation of electric power systems, 2014, 38(1): 6-
12.

NUYTTEN T, CLAESSENS B, PAREDIS K, et al.
Flexibility of a combined heat and power system with
thermal energy storage for district heating [J]. Applied
energy, 2013, 104: 583-591.

LI Z G, WU W C, SHAHIDEHPOUR M, et al.
Combined heat and power dispatch considering pipeline
energy storage of district heating network [J]. IEEE
ransactions on sustainable energy, 2016, 7(1): 12-22.
LI J H, FANG J K, ZENG Q, et al. Optimal operation
of the integrated electrical and heating systems to
accommodate the intermittent renewable sources[]].
Applied energy, 2016, 167: 244-254.

AL, SRR, 2R SR A e i i e
BT AN FERBILBE B 22 e oA (D ). i RgE A shik,
2016, 40(18): 41-47.

DENG J L, HU L X, LI J J. Analysis on mechanism of
curtailed wind power accommodation and its economic
operation based on electric boiler for peak-load
network [J .
Automation of electric power systems, 2016, 40(18) :
41-47.

PN, B, Y, G B AR E S AR
A B KU VA AR B 22 5 A BE (D). i T HOR 240,
2016, 31(17): 41-51.

LU Z G, SUL Y S, FENG T, et al. Wind power

accommodation

regulation at  secondary heat supply

low-carbon  economic  dispatch
considering heat accumulator and carbon capture devices
[J]. Transactions of China Electrotechnical Society,
2016, 31(17): 41-51.

JEI , REELDR, BRHTT, 45 5 AW 2 U L AR
REVRAE R GLis A7 Ak S H KU T A 34 e A LD .
T FUHL T AR, 2015, 35(14) : 3596-3604.

GU Z P, KANG C Q, CHEN X Y, et al. Operation
optimization of integrated power and heat energy systems
benefit accommodation

and the on wind power

considering heating network constraints [l Proceedings
of the CSEE, 2015, 35(14): 3596-3604.

TKER, R T AR TR R RS
Zepr s e Ly ] RIEAR 2006, 30(18): 8-13.
ZHANG X W, LI Y J. Self- adjusted particle swarm
optimization algorithm based economic load dispatch of
power system [ J]. Power system technology, 2006, 30
(18): 8-13.



28 K FH it % W 414

WIND POWER ACCOMMODATION LOW-CARBON ECONOMIC
DISPATCH BASED ON COORDINATION BETWEEN AUTOMATIC
START-STOP ELECTRIC BOILER AND HEAT ACCUMULATOR

Yang Qiuxia, Zhi Cheng, Yuan Dongmei, Yang Haihua
(College of Electrical Engineering , Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to decouple thermoelectric coupling constraints of cogeneration units in cogeneration plants, improve
the capacity of wind power consumption, and reduce the carbon emission cost, the coordinated heating supply strategy of
start-stop electric boiler and heat accumulator is studied in this paper. Wind power accommodation low-carbon economic
dispatch based on coordination between automatic start-stop electric boiler and heat accumulator heating supply model is
established. This model aims at minimizing the economic and environmental cost, introducing carbon emission cost
parameter and considering the thermoelectric coupling of cogeneration units, the heat and electric power balance, the units
ramp rate, etc. The wind power accommodation, the cost of coal consumption and carbon emission cost in four different
ways of heating supply are analyzed. The effectiveness and validity of the proposed model are verified by the results of the
numerical examples.

Keywords: cost benefit analysis; cogeneration plants; wind power; heat accumulator; electric boiler



