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Fig.1 Traditional system running status
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Fig.2 Source-load co-integration operation
status through technical means
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Fig.3 Source-load co-integration operation
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status through economic means
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Fig.4 Schematic diagram of co-integration relationship

between source-load curve and two electricity prices

PSR K , R R MUALZE 722, T 5
SN 2T RR , Tt 2 SO RE IR h
2R Z A JF AN RE S B BE TR 5

(2) K HLHLEL Hh 1 s 3R L

300 FUAEE 2 Al RSN B H RLDLER Hh sl
RO, R 1R,

R1 EHNALNKEHELILER

Table 1 Comparison of output volatility for
conventional unit
BITIRA h £k HLf Vp
T LB
R FR N 4 0.223
PE—fr 2 5 f i WP 1 0.036
(USRI iy 2 0.048

HI 1l LA i AR T AR GLis AT RS T
h 2k 5 LA (4 DR S A IR S R ML ) 7 i e
AW R AT R, B AR R 24T PR A AL
SRABANTA] « PR iy LR )75 55 L 1 PR OR
PS5 R 2 B PR ASCR A oy g L aE e R Y
RSB G A5 AU H gl 2R TR B 3 U
A BIRICR , I ITTAEAT 5 RUAILER H sl AN, i
SR T £ 55 R 22 1) A IR A R A

5 it

AR SCR IS ) 0 43 B B, 9 08— e T 2k
(] P 51) K LAY 22 6] 4 DR O 2R, A2 S £ ph 2k s 1]
F 5115 R 22 T ) TR 5 R AR i Xt G T — i i
LRI A] 7 51 S AN R R 2 (B B P AR R . A AR
45e.

(1) PR — o0 — fip s DR 9 B2 P [ a8 A il ot

PR IS AT, 3 IR - A i 2k A AR SRR LA K PR R
Fo PR - it 4 SR AT A G O 2
[ P 81 RSt , W) A 4 5 2[RI Bz , Ll 0 S L fi
TR RE I 29 ) L, S I — ) — iy — it 2 ) A P K

(3 ) e A 1 7 3 4 T B LT 2 e U it
2RI 18] 7 51 5 HL A P S5 IR, AT B G- 52 B
S D A GERLALIRIAR L KT RE TR 2K 55

(4) 412 SR R MUATLZEL HH 0 30 8l 3 1 R/ Ml 6
U~y A RN [ P51 55 L A 22 ) A IR R

B S i — P BT IR ey kS R
Z B BMRE S AR E AR, DL SR B 2 () P R AR
JE R AL

P s LA ) M 25 8 (http : / www.epae.cn) o
S 230k

[ 1] SBMe, SChh, ARTHPE, A5 BT 5 - T 30 ) RS IXUHL T 4 P
RPERISEmE )], T AR, 2017,32(3) : 19,
GUO Peng, WEN Jing,ZHU Dandan,et al. The coordination
control strategy for large-scale wind power consumption based
on source-load interactive [J]. Transactions of China Electro-
technical Society,2017,32(3):1-9.
[ 2] BT ARJREE, A0, 55 5 BXUE I 4y L BAIBE 5 2R LIRS T
POCAREELT]. Ty A B4 ,2018,38(7) : 74-81.
CUI Xue,ZOU Chenlu, WANG Heng, et al. Source and load
coordinative optimal dispatching of combined heat and power
system considering wind power accommodation[J]. Electric
Power Automation Equipment,2018,38(7):74-81.
INARER o, 5. HL ) FR ST 8] P13 [5] F) 22 5 ) JEE A
st 2 AL 1) W) A ki, 2016, 36(5) : 74-
80, 86.
SUN Donglei, HAN Xueshan, ZHANG Bo. Power system eco-

nomic dispatch model with source-network synergy and mo-

—
W
[—

ment-based semi-definite programming[J]. Electric Power Au-
tomation Equipment,2016,36(5):74-80,86.

XUSCRI, SCHh PR, 45 . 25 BB UL T AN Y R ) SR ST I D 22
Abs it )], AL TR 247, 2015, 35(5) 1 1079-
1088.

LIU Wenying, WEN Jing,XIE Chang,et al. Multi-objective op-

—
~
f—

timal method considering wind power accommodation based
on source-load coordination[]J]. Proceedings of the CSEE,
2015,35(5):1079-1088.

R A B, MRS A BT 2R B Y 22 B TR A R
%8 Y5 1 it 000 R 4 DX A Ak 2 DR R BE (D). R L TR AR 3R
2016,36(24) :6769-6779,6931.

LI Peng, HUA Haorui, CHEN Anwei, et al. Source-load-stora-

ge coordination partition optimal economic operation of AC /

—
W
[—

DC hybrid microgrid based on bilevel programming model
[J]. Proceedings of the CSEE,2016,36(24):6769-6779,6931.

[ 6] SONG M L,CUI L B. Economic evaluation of Chinese electri-
city price marketization based on dynamic computational
general equilibrium model [J]. Computers & Industrial Engi-
neering,2016,101:614-628.



74 ® 0 & % L B %405

[ 7] BT, B, 259, 5% 2 BB A DT S 22 ] [ AL T FE2 41, 2006,26(7) : 118-122.

U5 SR 137 ¢ R MR e A R VR s IR A A (1], rp [ A AL CHENG Yu,ZHANG Lizi. The co-integration analysis of po-
T4 ,2016,36(17) :4589-4599. wer tariff and demand[]]. Proceedings of the CSEE,2006,26
BAO Yugqing, WANG Beibei, LI Yang, et al. Rolling dispatch (7):118-122.

model considering wind penetration and multi-scale demand [14] LUCZAK M. Hierarchical clustering of time series data with
response resources|J ]. Proceedings of the CSEE,2016,36(17): parametric derivative dynamic time warping[J]. Expert Sys-
4589-4599. tems with Applications,2016,62:116-130.

[ 8] MRz, ot G E % . &l B e VR 1Y ik & 5k s 47 U2 [15] CHO J S,KIM T H,SHIN Y. Quantile cointegration in the
Ak 7T, B R 53 R4 ,2018,33(3) :93-98. autoregressive distributed-lag modeling framework[]J]. Journal
CHEN Hong, LENG Hua, TANG Haiguo,et al. Two-stage opti- of Econometrics,2015,188(1):281-300.
mization method on micro-grid economic operation with rene- [16] JAMEZE MR SG, B/NGE, 55 . 25 TR I PH 2 g AU BT 01 22 22
wable energy resources[J|. Journal of Electric Power Science AR ], TP E AL T R4, 2015,35(19) : 4930-4936.
and Technology,2018,33(3):93-98. ZHOU Renjun, CHEN Ruixian, TONG Xiaojiao, et al. Multi-

[ 9] BIZUAYEHU A W,DE LA NIETA A A S,CONTRERAS J, step integration models for risk-limiting dispatch of line con-
et al. Impacts of stochastic wind power and storage partici- gestion [J]. Proceedings of the CSEE, 2015, 35 (19) : 4930-

pation on economic dispatch in distribution systems[J]. IEEE 4936.
Transactions on Sustainable Energy,2016,7(3):1336-1345.
[10] HAQUE A U,NEHRIR M H,MANDAL P. A hybrid intelli- EERA:
gent model for deterministic and quantile regression approach 7 ZBRA(1992—) , %, T & #r % A, A

TR A, EBANFE R ) R LGIR R
PR W RGARACIEAT B F RN
7 & &9 HF % LA (E-mail: 2351132839@qq.
(:om);

JAEZE (1964 —) , %, L K RA, #
B L, EE2HR T @A N AR F
F B R BRRBANARA EATRMEE 5H X
A% (E-mail : zrj0731@163.com) ;

for probabilistic wind power forecasting [J]. IEEE Transac-
tions on Power Systems,2014,29(4):1663-1672.

[11] NOJAVAN S,AALAMI H A. Stochastic energy procurement of
large electricity consumer considering photovoltaic,wind-turbine,
micro-turbines, energy storage system in the presence of de-
mand response program[J]. Energy Conversion and Manage-
ment,2015,103:1008-1018.

[12] U, 2R 208 55 B TR R AR Ry B G 2k 2R 28

SAWLI]. BEAR ,2016,40(3) :797-803. !
o . w o Pord & = 4 Zz
LIU Si, LI Linzhi, WU Hao, et al. Cluster analysis of daily RAF(1980—), %, Hid% g A BIRASALANT,

load curves using load pattern indexes to reduce dimensions -f,\%’}_d: ’ ERHBI T e A AL R R % VB J) R AHLR %; (E-mail:
[J]. Power System Technology,2016,40(3) :797-803. 4130751 8@qq-com) o
[13] FRH OB T . B HE A 15 R B D BT () ). o (%4 24 5)

Co-integration model between source-load co-integration relationship and
electricity price time series
FANG Shaofeng',ZHOU Renjun',ZHANG Wujun®,LI Juan®’,PENG Yuanyuan',SHI Liangyuan’
(1. Hunan Province Collaborative Innovation Center of Clean Energy and Smart Grid,
Changsha University of Science and Technology,Changsha 410004, China;
2. China Energy Engineering Group Hunan Electric Power Design Institute Co.,Ltd.,Changsha 410007, China;
3. Guangzhou Power Supply Bureau Co.,Ltd.,Guangzhou 510620, China)

Abstract: Aiming at the characteristic that the power source output curve and the load curve at demand
side are completely consistent due to real-time power balance, their mathematical co-integration relationship
is verified. In the coordinated operation of source-grid-load-storage in power system integrated with rene-
wable energy of high permeability, the power curves of source-grid and load-storage are respectively com-
bined into source and load curves, and the source-load co-integration relationship and theoretical basis of
source-grid-load-storage coordinated dispatch are proposed. In order to realize co-integration and absorb
renewable energy, an economic and technical model of co-integration between source-load and electricity
price time series is proposed, which takes the minimum fluctuation rate of conventional unit output as its
objective,and the unbalanced electricity price as its constraint. The case results show that small fluctuation
rate of conventional unit output is obtained after co-integration between source-load and electricity price.
Therefore, the co-integration relationship between variables can fully exploit the resource allocation potential
of terminal users, stimulate the change of load curve of demand side, and maximize the consumption of
renewable energy.

Key words: co-integration test; co-integration relationship ; coordinated dispatch ; source-load co-integration ;

renewable energy consumption



Bk A:

800,

— RHAHH
— S

= HHHAH A
600

400

ThE/MW

B B/t

Al hEERTIR-T7 2 2 RYRTE) F 5
Fig.Al Time series of source-load variables before co-integration

g 40
" - M

§ 200 :WN

B

U 0g 10 20 10 0 5

Bt
E A2 thERTENEEHEEFS
Fig.A2 Time series of electricity price variables before co-integration
BB AL ATRUE Y, ) S il 40 W R B AR AR, B R ) G 26 ) G THRFAE AN 2 — S AN BE I [R]
FIHERS T A AR AR I PP A1 o XU Y 7 il 42 18] 52 00 A0 A FRD 5 0 2, 52 300 0 R ) AP AR 1) e 7 SRR AIE . LAY 1
5t 2 e al) i 8] Fe a1t 2 B A2 iR, WARFEAE-F ARSI R .



Bf3% B:
AR RS RR, 4 DNEEARE T BB R, AR5 S AR R 8 R A AT PR G, AT
SEAE S FTREVREE J1 . HOHLAL S 0 DL R TR AR G R AR . AR IR A5 R WK BL R

# Bl TEFJIFBAMIRKEE
Table B1 Unit root test of variables series

A ADF 4% & A (5%)
Cut -1.169 107 -3.508 508
Ca -1.180 045 -3.508 508
Pwt -2.800 636 -3.510 740
Pt -2.673 044 -3.510 740
ACy -5.731 269 -3.510 740
ACx -6.854 493 -3.510 740
APy -6.060 204 -3.510 740
APt -4.894 529 -3.510 740
2 4 FBL 5 B 2 ] B 5 SR T
P, =0.479R,, +0.886C, +282.732 (18)
P, =0.478R,, +0.874C, +284.886 (19)

SRR AT M RO AR, S5 SR M TR U RAEAE LR, B PRAFF A, R b8 6 R . T2
B2 A RO
P, =0.44P,, +0.92C, +282.86+0.62ecm(-1) (20)
P, =0.44P,, +0.86C, +294.31+0.65ecm(~1) (21)
SESE S DR e 4B T LA BV 4 S A IO W RN (200, (20D, 3 FLIT LU 7RI BT
HOZPE T, CIMBORGT 1 55 2 RO L £ rhIE- T 2k 5 10 2 1) 0 88 55 2 TE O, {H 2 FRE R
fy o BT P R



	202002026.pdf
	202002026_附加材料

