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Table 2 Hourly power-losses

B P/ (MW -h)| | B 45/ (MW -h)| | BB 45/ (MW -h)
1 0.291 9 0.232 17 0.543

2 0.250 10 0.299 18 0.610

3 0.209 11 0.363 19 0.568

4 0.190 12 0.401 20 0.532

5 0.195 13 0.447 21 0.476

6 0.197 14 0.440 22 0.431

7 0.201 15 0.433 23 0.370

8 0.213 16 0.449 24 0.393
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Fig.4 System power-loss cost for different I values
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different optimization objectives
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Fig.12 System load for different load levels

0 6 12 18 24

—e— JELIR B 7K T I 45 A />

== JEUR G KT R B fe
= e B AT R d

= i U KT PR AR fi /s
R S QST %N

o= AR K PR AR fi /s

B 13 AEEE B E R EKFET 85 W3R
Fig.13 System power-loss cost for different

optimization objectives and different
load levels

ik RGBT IEA R KT | i fg (ki
SREME ) A DR (VA FH 2 AR P s 1E) ) 47 R FH TR 4 7
TR RN 7E F=12 AT, & K T
ARG MINA N 693.45 AUD, K 7 faf 7K F R G M
AR 643.73 AUD A/ T W4 B /N iz 17 5 i T



5% 9 1

SRNLAR | 45 . %5 L8 LA AN S V9 32 3l I v 10 o 3 0 A 5 bR ARG P AR @

AR A 717.53 AUD .651.42 AUD,
5 #ig

A SCH T % R L AN E PR ADN M5
AARACRETY T 2% 8 o M ANH S M 2 F Rl i X
Ll DL 4 e /N LA I 458 AR e /DN S E A %) TG L ) i
TR XTAERE DR A JG X ADN 32 17 5 W A1 %) 45
JRAS (520 HEAT T 43 AT, AT R A2k DNO X e Ha, 19
R B —E MRS % A ERER/INT
PLF 4598

a. fEHL TR 5T T % AE A1 DR 03 A REA%
25 Aok DNO $HE R0 H AN I S p 01 T2 BRIKR
35 1) 45 BUAS

b. TEMEREA A DR S 5B EMF MM T,
o A 1 N [R) X6 28 0 I 460 R 1) 461 B A B BE 16 7
AR, IF 5 7R R R U B IR A
15 50 DL 35 /0 B BE L RO 32 A7 P A SR I R — 58
& T AR SR AR N Al Sz T 3 E AR B DNO, Hod %
10 0 N o o = e G 78 1 4 N X A = Bl N K 7 e SO

c. EH ST AIE T DR & AK K ADN i E
Fnl R P IR PR AL AL R G b < A% e (1% S fk
BB ) F1“#AERE " (DR %2 U5 ) BE % T8 A3 A4 b B2 1K C F 1)
P45 B AR

SEH .

(1] OB, KA, T30S, 5. FahBim MER RILHR]]. B RS
H 311k ,2012,36(18) :10-16.

YOU Yi,LIU Dong,YU Wenpeng,et al. Technology and its
trends of active distribution network[J]. Automation of Electric
Power Systems,2012,36(18):10-16.

i JRPCE WITTH AF. B REIC R AR R BT[] i A sk
W4 ,2011,31(8):108-111.

LI Xun,GONG Qingwu,HU Yuanchao,et al. Discussion of smart

—
NS}
[}

distribution grid system[J]. Electric Power Automation Equip-
ment,2011,31(8):108-111.
T S 2 S o s s T EN B R NS B S -3 S )
R4 H 816 ,2014,38(18) :125-135.
ZHAO Bo,WANG Caisheng,ZHOU Jinhui,et al. Present and
future development trend of active distribution network[]J]. Auto-
mation of Electric Power Systems,2014,38(18):125-135.
(4] ZEMG S22 ol AR 4, A5 Tl 0 AR 7E T Sl IE L T e g T
[J]. W71 H % ,2015,35(4) :8-16.
LI Peng,DOU Pengchong,LI Yuwei,et al. Application of micro-

—
(98]
[

grid technology in active distribution network[J]. Electric Power
Automation Equipment,2015,35(4):8-16.

XWZR MR W o BV 45 F2 sl e flL I (9 43 2 g 4 3 5 B o 4
W1 E AL TR 2E,2014,34(31) :5500-5506.

LIU Dong,CHEN Yunhui, HUANG Yuhui,et al. Hierarchical
energy management and coordination control of active distribution
network [J ]. Proceedings of the CSEE,2014,34(31):5500-5506.
RS AT ] el At A A TR (T, v B e Al A
2014,23(12) :62-64.

—
W
[}

—
(=)}
[}

ZENG Ming. Some thoughts about deepening the reform of
electrical industries of China[J]. China Power Enterprise Mana-
gement,2014,23(12) :62-64.

KARIM L A,MICHAEL G P. The role of distribution network

~
[

operators in promoting cost-effective distributed generation:lessons
from the united states of America for Europe[J]. Renewable and
Sustainable Energy Reviews,2015,51(11):484-496.

BRI, R0 gk A O R PR R R T BTG A S R
i) DGO 5 DNO %z ¥R [ 1], i )@tk ,2015,36(8) :7-14.
CHEN Zheng,ZENG Ming,ZHANG Xiang,et al. Benefit equili-
brium model of DGO and DNO in deregulated environment based
on ICSA[J]. Electric Power Construction,2015,36(8):7-14.

[9] VASILEIOS A E,PAVLOS S G,NIKOS D H. Optimal operation

of smart distribution networks:a review of models,methods and

—
oo
—

future research[J]. Electric Power Systems Research,2016,140:
95-106.
(107 B PF ARBEES e 55, TH R 0953 1 e A 190 A vl it 7 ook 10
FLIZATHRE[]]. AR ,2013,37(8):2123-2128.
ZHANG Meidan,SONG Xiaozhe,XIN Huanhai,et al. Optimal
operation strategy of battery energy storage system in distribu-
tion networks with consideration of power losses[J]. Power System
Technology,2013,37(8):2123-2128.
[11] HU Weihao,CHEN Zhe ,BAK-JENSEN B, et al. Fuzzy adaptive
particle swarm optimization for power loss minimization in
distribution systems using optimal load response[J]. IET Gene-
ration , Transmission & Distribution,2014,8(1):1-10.
DERAKHSHAN G,SHAYANFAR H A,KAZEMI A. The optimi-
zation of demand response programs in smart grids[J]. Energy
Policy,2016,94(6) :295-306.
SHARMA [,BHATTACHARYA K,CA&IZARES C. Smart dis-
tribution system operations with price-responsive and contro-
llable loads[J]. IEEE Transactions on Smart Grid,2015,6(2):
795-807.
[14] ZHOU Lin,Ll Furong,GU Chenghong,et al. Cost/benefit assess-
ment of a smart distribution system with intelligent electric
vehicle charging[J]. IEEE Transactions on Smart Grid,2014,5
(2):839-847.
GHASEMI S,MOSHTAGH J. A novel codification and modified

heuristic approaches for optimal reconfiguration of distribution

[12

[}

—_
W
—

[15

networks considering losses cost and cost benefit from voltage
profile improvement[J]. Applied Soft Computing,2014,25.360-
368.

MISHRA A,FARZINFAR M,BAHADORNEJAD M,et al. Eva-

luating the impact of different PV control strategies on dis-

=
5)
=

tribution network operation[C ] // Power Engineering Conference
(AUPEC),2014 Australasian Universities. [S..]:.IEEE,2014.1-6.
g N TR R AT S 32 ShC A R R DG B ) B 9 R
)], BT AR, 2014,29(2) . 13-23.

ZHANG Jianhua,ZENG Bo,ZHANG Yuying,et al. Key issues
and research prospects of active distribution network planning
[J]. Transactions of China Electrotechnical Society,2014,29
(2):13-23.

[18] JABR R. Polyhedral formulations and loop elimination cons-

[17

[}

traints for distribution network expansion planning [J]. IEEE
Transactions on Power Systems,2013,28(2):1888-1897.
(197 M5 B skt A, JC H P i 43 A 20X H T 9 8 e A0 Ak L Rl



® 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



