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Fig.1 Benefit of each DR participant
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Fig.5 Concrete mode for including
DR cost in balancing account

1207 3 A I P 4% DR RS S BRSOR (A I i
BT I TR R 1 kW, 4F
e P 22 il e 1 ] — S B B 4, %07 ST IS T
HLON T 37 Ak T R B B | T S AR ML AR R 5 A
AL,

3.3 DR #2145 Bh AR 5531 N\ S B B 447

TERT R BOE AT WL 2 ) i 412 3t i e Fi A 55
PEAT B B AR e A il 2 B e ) (i TG P E A
JAS M o i (IRAT ) )2 AL R il A7 4 i T R
e 55 B A ARl F IR0 il 7 4 e T L S A M A S
BT A AR AL R R I R AR I 55 A
FH P 530 TR Aff 1 SR A5 LU 4 A T P ) A 7 20
A (BT B

HL R 2 w1 DR W H | SE Bl MR oo Bt 4 5
FL IR A 2 A5 R RO AR i 7 25 48 (3 B i 55 1
o 2 G w552 B R TR R P R T A T Y A
S ARBCEA 6 B, BARHL AT DL ER
DR #& {4l 1 12 55 980 0 i 35 1 A W <6 S A Ol &R
Gia AT 43 P I T AMEVE AR HEVFIOA il

HOR ] =

s B [BE]
il i

AEEd [T 5 |

DR 35 H 4 5 w4t

< WEES, <o DR #MZ, <z DR 4

B 6 DR A AMNHE BN BEEFER

Fig.6 Concrete mode for including DR cost
in transmission and distribution price



® ® 0 8 & iR B

¥£37%

Bl IR 55 A9 S i TG HBL 1 18— 9 23, AT LA g v 0 2 ]
B BB P R T i 2K 4 ] R R DL R A R T AE AT Y
faEd:, oG TERNT S E &A1
O, KRB R I3 P A RS W e L RE T 3 R R
ARV AT R AE Ty 4% T G AR L i I F A
(177 W e
3.4 DREANRBELIRRES

TEHL T 37 b i Al B I 55 T g vh B LR AE R
DR 5 A8 0N DR SRR Z 51 &40
iz S n] IR EE Y A r A e A B R 55, AT DAAE
W R %5 b 5 RSB ERMAEITAGAA TR, B
S W I e AR A Al B IR 55 el | TRt D R R Y
A [ DR i H 3R AS 1Y 8% 45 Tt AT 0 5 AL R
25 ) 5 R R 2w 22 1) s o = AL HESh DR
FUBTR] AT FAREEANTET 7 Fies

| &2 7 | R 2 5 | | BUR T |

-
iNEs

| W5 T 5 |

LK

(LA
B =TI

§ 7

SN JINA

WU [

<= M E A, <o DR #Mg, < DR it

7 DR BiAM & B A Ml R B3 & BN
Fig.7 Concrete mode for drawing DR cost
from power plant

1277 30T BRI 2 F T e DR 300 H 25 % #L 2 ml Al
ok TS BT RO F 45 K 2N R B AR RN
1M A HL 2 TR 23 TR DRI A St i 5 1R A Ak A
Iy E] R B — S B LA K H Y R Y
s PRI 245 TR M A F] %07 e T
Gye g sr MBS W B S B AL T & AT
KA A LRI R 22 /) S DR 9 H

4 BB

4.1 BEIER

051 35k RS b DX ML P R DROAR % 2%
G310, DR 8 it Sk BEBH 28 458 el ik A M1 29 F T
T B far , E AT AT B G e R P Y R IR b X
2014 A il i B RO e 1401.36 MW 19 50 %, B
700.68 MW , AT H W7 671 faf 5 2 A A X6 25 9 47 far ( BP RS
MR B RUR A T ) FRR VIBR A o 2 R 1Y 15 %,
B 105.10 MW | 4 Wi 35 225 6] 383 h, 2014 4%
X R BB B B 7R 1049.48 MW, A5 25% AT LIk
T 0 S e TN A TR 1 50 9% , WL HE BH 7
far e P HI D 131.185 MW, BURF AU FH P AR B 461]

H 10 % , H RN FH P B AS EE 1 SR 10 9%, FEL TR DL
a Hp W B ff 2.5 o6/ (kW -h), B S LAY B 0.15 Tt/
(KW -h) , HATEFI R W 1,

1 BEOEMSH
Table 1 Basic data of case

Xt 42 S8 Kt
W& A/ (T ) 6690

s % 25 B R W/ a 4

I3 R T A AR/ (T - ) 2000

A TR I8 5 T S 1) /a 5
AMI &R A/ (TTT6 - 1) 100

RRAEB AT Y A/ (JT OG- 1) 5

A /[ J6- (kW-h)'] 0.98

WA A/ (JT o6 1) 100

T H S B AR A/ (T8 ) 10

B A AR AR /[ JG - (kV-A-a)™ ] 1200
AN /[T (KW-h)™] 0.7

LGP R 0.08

P AT AR /[ TG (kV-A-a) ] 700

K H, KA /[ TG (kW h)™] 0.4
I HL R 0.05

42 EHHIREBER
S it A T REL Y ORI 2 R H R R O E A Y
BN (A /A G5 SR 8 R

1.2
< s s
= oep e WROE
5 04l
0.2 , ) . . | | | | |
1 2 3 4 5 6 7 8 9 10
ERFS
(a) H 9 25 A< L
12 et
2 1.0
E 0.8 -
1 0.6
E 04
0.2 , ) . . | | | | |
1 2 3 4 5 6 7 8 9 10
EFS
(b) H A I
25r
2 20f .
@ 15|
% 10| B
® 05r
0

I 2 3 4 5 6 7 8 9 10
AR
(c) KA L
B 8 WA B MNMER DR T H &7 3 4 R

Fig.8 Curves of cost-benefit ratio of DR
participants after transmission and
distribution price reform

3 530 2R PRI SCIY 4 b il 98 22 30 508 130 L 2
"] DR JBARL tt , S RO 2, LA B N 2% v 42 Hi
JE 5 8 T B R A B BRI B AP R B 2 DR BT



5% 9 1

VIS e 4 7 HL R T SR W A R T e L i ®

®2 DREARRESH

Table 2 Parameters of DR financing channels

(A9 N

DR il 9% 4236

A EL A B 2t r 4 0.001 ~0.004 75/ (kW -h)
YN i 500~2000 7/ (kW -a)

AL BI IR 55 T AR 0.001~0.004 I8/ (kW +h)
LAl DR 2L #6 5r 5 10%~40%

4, B kW-h #2120 0.001 ~0.004 I ; DR J8 A 44 AF- i
M PR RERE A 1 kW RIS | B A7 DT T 2 rh g i
500~2000 JCAEA DR %% 4 ;4 B IRk 45 11 A i I5C H p
JE 48 7 i #2518 0.001~0.004 JT/ (KW -h) 1
B SS 2 A PE b DR %4 D& L Al SR O 4
SETEAE DR W H St B b & H Al IR Y 109%~
40% S =R BLSL DR W54, 3R 1 FRRIES 3 AR T
G WS B Dy i Ml DX A R 7 BT, 2014 AR b X
B H A 76207893.52 MW - h, BT IR HR 5 42 1 20 %
FHF AN HL A ]

HR i 9 45 S AT LAAS H LR 4548

a. NEI 8 AT LIE W MBS 2 )5, KH
0l AP A A A s HE 25 DR
WHZ 5, A /N | 7 B — A 25 AR L3 /N Tk
W2 ETRE AL, L B 25 DR 3 H 4T
MK TR AR E R AN EERE NS DR &
TG4

b. XJ H & 9—12 "I F 4 Flvil 55 7 U X0
M4l 25 DR W25 AS oA BCEVE T, 0 Ak
Fi 1 0 i AU 1 X AE 0 e i B4R 1000 J6/KW
2.2
1.8
1.4
1.0

0.6
0.2

HL ) £ A% 1L

ARy
O EHMAEE, @ BMHEE0.001 J5/(kW-h)
@ M 0.002 7/ (kW-h), @ HAHEE0.003 7T/ (kW-h)
@ HL I 0.004 JC/ (kW -h)

B o MNEMMMERRRAXTRMERLLFR
Fig.9 Curves of cost-benefit ratio by drawing DR

cost from electricity surcharge

25
2.0 @@
1.5
1.0
0.5

HL I 55 A LG

A0

O R AP @ R 500 7T/KW A
@ R 1000 TT/kW IHA, @ #1500 JC/kW A
& HHEE 2000 TT/kW A
10 INFEHRR AR TEMEAREER
Fig.10 Curves of cost-benefit ratio by including DR
cost in balancing account

22
1.8
1.4
1.0
0.6
0.2

HL I 55 A L

A4y
@ AT A% A
() fi Be B A T A%l B R 55 %% 0.001 78/ (kW +h)
@ Hi e fL A T AT B IR 45 9% 0.002 7T/ (kW -h)
@ Hrme v AN T Al B AR 45 9% 0.003 6/ (kW +h)
® Sl AR IR 55 %% 0.004 7T/ (KW -h)

B 11 WANBEEN AR TEMZALLER
Fig.11 Curves of cost-benefit ratio by including DR
cost in transmission and distribution price

CERE R N

Ay
@ KHEMAILE @ KA IES 10 9% %5 )
@ RHEMILEE 209 LM, @ %Ik 309 4 b m
® %KAMl FE 52 409 v R

12 NEREWRREEAX TEMBIARLLFRL
Fig.12 Curves of cost-benefit ratio by drawing DR
cost from power plant

AN EE 2R 3 AR 5 AR LU KT 1, Ak B AT i (el
AR FLBEE T H 0 & RS AS B AP K DR 24
() 25 25 ke B ] Wb B R A DAL AN R R B 0.002
JG/ (kW -h) 77 5 7 4F 4% 8 L BT AT HL Hr
0.004 7T/ (kW -h) i 2056 4 4F MR HMEHETE 309%
R a5 R 7 AR L R 2R AR KT 1,

c. 4 FhRRgE S8 2 A H T iy o
Yy & A B e 0 T 37 m 2 RD B 0 T b Bl B
55T Y W) ) 56 36 1 JL RO 50 AR 4 T 3 Ak %) 1F 7
FEAS ] 11 il 9% 2 38 ] DL R b il F D Ak 2
DR Wi B | e b elog A Sk ik DR Wi H |

5 #it

AR SCHR 308 e [T — 48 HL 0 PR W A0 A ) e
O F A 4T DR A AR B4R 20 A B
TSR AR 328 wOTJE DR BB AL, Rl
e B L K EES ST 4 FiRRI2E
B GG AR AT SE A DR B ARE O
ST BURC R b E R B W A o

a. B HBOBAE | B FAE R L 2 R
Ao PO R AP R sl FL RE 1) A2 B4R | IR
HL R 3z A (R R R S AR P R SR BT
A EAT: , Bt v I 2 ) SR R L S A4 A

b. il E AL A A St R IR Al ) 28 R A
RAEBUE R JT R DR I 22 AR A R0 Al 79 5



® ® 0 8 & iR B

¥£37%

A HIL T LS. DR W H L 50% 4

c. ML 2R B 2 R EL DR AR i Jr 268 H 8
1 7 T ) DR OBAS 40 A I P 3 e AT
Yk e DR OBCAS T A S e o A3 B E T
0% Je ) | % E Al 2R A SR T R T
i 57 i B I 45 T St % R BB B BE L 4 FRO
¥R EBEMANZ 5 DR W H M 45 A ik #)
GBI STy ARt DR T H 95 S 0 H

d. T BEEE ST N SE A DR OB AL ok 5
PS5 DR, #E5 H MA EFE DR TAER A
eI E DR L,

SEH .

(1] &9, B 2% AN aRESEE[]]. &
T 748 831k ,2015,39(17) :2-9.

LI Yang,WANG Beibei, LI Fangxing. Outlook and thinking of
flexible and interactive utilization of intelligent power[J]. Auto-
mation of Electric Power Systems,2015,39(17):2-9.

[2] 3Rk, BB L, a2 55 Bl TRk R afse 453k ()], A
J1 &8 A 31k ,2008,32(3):97-106.

ZHANG Qin,WANG Xifan, WANG Jianxue,et al. Survey of
demand response research in deregulated electricity markets[J].
Automation of Electric Power Systems,2008,32(3):97-106.

[3] %, 29, m a2 6e il ROAEL R (Y55 R 00 48 i e 22 5 18
#[J]. 1 &R% A 316 ,2009,33(20) :17-22.

WANG Beibei, LI Yang,GAO Ciwei. Demand side management
outlook under smart grid infrastructure[J]. Automation of Electric
Power Systems,2009,33(20):17-22.

(4] 29, EAEA5 R . 5ok B K LR FH ()], A sk 5 |
2005,6(5):13-18.

LI Yang,WANG Beibei,SONG Hongkun. Demand side response
and its application[J]. Power Demand Side Management,2005,6
(5):13-18.

[5] CF 5 WAL Jy il B 09 3 WL (th & (201509 5 ) [EB/
OL]J. [2015-03-15]. http: //wwwx:ecnrgcn/zhuanti/ZOl5nianzhuanli/
2015dianlitizhigaigezaichufa/yaowen/2015-06-18/139371.html.

[6] TAEFE 224, T m) % BE b I () H g 75 2R 000 A5 R S 2 i it AL 1)
[J]. W)y B3k ,2010,30(12):19-24.

WANG Beibei,LI Yang. Demand side management planning and
implementation mechanism for smart grid[J]. Electric Power Auto-
mation Equipment,2010,30(12):19-24.

(77 ¥k, Ja i B Aslrh A5, 6 v SE R U R AR AT A LA 1Y

it 2R L SR KRR AR S [T, P LT AR 24, 2014,
34(22):3615-3622.
XIAO Xin,ZHOU Yuhui,CHENG Kaichung,et al. Research on
strategy of interruptible price and its cost-benefit model aimed
at peak load shifting in Taiwan[J]. Proceedings of the CSEE,
2014,34(22):3615-3622.

(8] 0, Aty Eaf 4%, %, EETRWN 25 PIM #L & & Iyl

Yid A7 B R B FR R () [T, IR M4 B 2014, 16(6)

60-64.

JIANG  Yong,LI Tingting, WANG Beibei,et al. The demand

response to participate in the PJM wholesale electricity market

operation and enlightenment to our country[J]. Power Demand

Side Management,2014,16(6) :60-64.

WRITAE RS ES . F I finall L 7 75 SR8 3L A 1) S 303 12 5

Wi R R 3BT [J]. HL SRS B, 2011,13(2) :4-7.

CHEN Jianghua,XU Jieyan. Means to achieve the DSM goals

—
N}
[}

and impact factors analysis of grid corporations[J]. Power Demand
Side Management,2011,13(2):4-7.
[10] EMS. vl 19 b s BEAURE M A G A D52 (D], db st ARty
1K ,2013.
WANG Peng. Research on electric energy loss in power
Distribution and loss reduction measures[D]. Beijing:North China
Electric Power University,2013.
[11] B, Bhr Al BB AT (D). T AR B T K% 2013,
XIA Jing. Investigation on the loss reduction and efficiency
improvement for power supply companies[D]. Guangzhou:South
China University of Technology,2013.
FEHH Y A ok ff . R L I 2% 1R T A 5 SR i G e R
[(J]. " EEHLT 7 ,2014,34(22) :3576-3589.
TIAN Shiming, WANG Beibei,ZHANG Jing. Key technologies
for demand response in smart grid[J]. Proceedings of the CSEE,
2014,34(22):3576-3589.
SHEEN ] N. Economic profitability analysis of demand side

—
—_
\e}

[}

[13

—

management program [ J ]. Energy Conversion & Management,
2005,46(18-19):2919-2935.

SR SN A PR S S T ()], HOD AR RME 2005,
7(4):63-64.

WU Zhijian. Contract of interruptible load of some states in
USA[J]. Power Demand Side Management,2005,7(4):63-64.
AL TRk, B2 T R T AT G A AR S S T ()], T
R A 2006,30(7) :22-25.

REN Zhen,KUANG Xinwu,HUANG Wenying. Cost-benefit ana-
lysis for actualizing interruptible load measure[]]. Power System
Technology ,2006,30(7) :22-25.

[16] SHEN Y W,LI Y,SONG Z T,et al. The research on DSM

cost-benefit analysis and cost recovery mechanism to electricity

[14

[

[15

companies based on transmission and distribution price[C]//

2016 China International Conference on Electricity Distribution

(CICED). Xi’an,China:IEEE,2016:1-5.

A WY VR R R A SR A e Y AR g Ay AT ()], AR

7R 77,2010,38(5) :635-637.

QUAN Shengming,XU Fengru,ZENG Ming,et al. Coat-benefit

analysis of demand-side response[]J]. East China Electric Power,

2010,38(5) :635-637.

(18] E s  EB L, E 7w, H i a] v i £ faf A [ A R 10F 5%
[J1. " EH L TR 24 ,2005,25(9) : 11-16.
WANG Jianxue, WANG Xifan, WANG Xiuli. Study on model of
interruptible load contract in power market[J]. Proceedings of
the CSEE,2005,25(9):11-16.

[19] FEoy B BRICE, W3R ma R AEl i e g eI ()], W
iR A B 2007,19(2) . 71-73.
WAND Di,HUANG Zhiqiang, CHEN Qinglan. The effect of
demand response in power market[J]. Power Demand Side
Management,2007,19(2):71-73.

[20] STRBAC G. Demand side management:benefits and challenges
[J]. Energy Policy,2008,36(12):4419-4426.

[17

[

EEE AN

PeiE ME (1992 —) 4, T A A A 1
BRAE R @AENE K e gl AW
¥ (E-mail ; liliansyw@163.com ) ;

F (1961 —), B ,iL R R SEA K
B EARTAFTH WM BEHEE LR
ANFE N RGBTSR B RETHEM
S RATY hFE R FEEEMF
7 # #F 52 (E-mail : li_yang@seu.edu.cn) ,

(T#% 138 M continued on page 138)

Vo3 b



® R R #1375

[J]. EMHEAR 2016,40(1):227-233. predicted error[J]. Proceedings of the CSEE,2004,24(12):63-68.
WEN Jungiang,ZENG Bo,ZHANG Jianhua. Adjustable robust

optimization for distributed wind power planning in distribution fEEE.

network [J ]. Power System Technology,2016,40(1):227-233. e A (1965 — ), B L@ R & A, 1

[20] AMEO[EB/OL]. [2016-07-01]. http: / www.aemo.com.au/Elec-
tricity/Data/Price-and-Demand/Price-and-Demand-Graphs.

[21] CONTRERAS J,ESPINOLA R,NOGALES F J,et al. ARIMA
models to predict next-day electricity prices[J]. IEEE Transac-
tions on Power Systems,2003,18(3):1014-1020.

[22] JAWJ7IE AR LAME 5, 9 0% 25 BUI A% IF ARIMA Ha, £ T000 6

TR E LA TEOACARREF
W /) 7 3% (E-mail : zxd-d1@163.com) ;

E 245 (1989 — ), kT B R EA,
Mt TEMATOACHBREZF )
#LX] (E-mail : wanghaojing2010@163.com) ;

Jrik[T]. R HL TR 2R, 2004,24(12) :63-68. Ku & K HA990—), B, ThdmA Wt
ZHOU Ming, YAN Zheng,NI Yixin,et al. A novel ARIMA R A, ERHR T @A E R B
approach on electricity price forecasting with the improvement of ] (E-mail : wugengmath@163.com) .

Robust power-loss cost optimization model considering price uncertainty for
active distribution network
ZHANG Xudong', WANG Haojing?, WU Geng®,ZENG Ming’,ZHOU Xuan*
(1. School of Economics and Management, North China Electric Power University,Beijing 102206, China;
2. Beijing Electric Power Economic Research Institute,State Grid Beijing Electric Power Company,
Beijing 100055, China;3. State Key Laboratory for Alternate Electrical Power System with
Renewable Energy Sources,North China Electric Power University, Beijing 102206, China;
4. School of Electrical Engineering,Shanghai Dianji University,Shanghai 200245, China)
Abstract: The main objective of system operation optimization of DNO (Distribution Network Operator) is
to improve the operational efficiency and reliability of distribution network,but the fluctuation of electricity
price in an open electricity market may affect the minimization of power-loss cost. A robust power-loss cost
optimization model considering the price uncertainty is built for DNO. The impacts of price fluctuation,
demand response and energy storage dispatch strategy on the power-loss cost are analyzed for different
optimization objectives and the optimal operating strategy is given for different scenarios. The simulative
results of IEEE 33-bus distribution network verify the effectiveness of the proposed model.
Key words: active distribution network; DNO; power-loss cost; energy storage; demand response; robust

optimization; models
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Cost-benefit analysis and financing channels for demand response

under electric reform
SHEN Yunwei',LI Yang',JIAO Xize?,ZHOU Lei*, WANG Zhe',WANG Chen'
(1. School of Electrical Engineering,Southeast University ,Nanjing 210096, China;
2. State Grid Jiangsu Electric Power Maintenance Branch Company,Nanjing 211102, China;
3. State Grid Suzhou Power Supply Company,Suzhou 215004, China)

Abstract: The DR(Demand Response) implementations at home and abroad are researched,the cost and
benefit of each DR participant are analyzed,a DR cost-benefit model is built,and rational DR financing
channels are proposed. The proposed model is verified by a case,the typical DR-participated loads are
selected for simulation and analysis,and the feasibility and effectiveness of the proposed DR financing
channels are proved. Research shows that,the rational improvement of the benefit-cost ratio of power grid
enterprise may control the peak-valley difference of power grid while bring direct economic and social
benefits to each participant.
Key words: demand response; transmission and distribution price; cost-benefit analysis; benefit-cost ratio;

financing channel



