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Abstract: With the constantly increasing penetration of dis-
tributed generation, some problems such as the low comprehensive
operation efficiency of the power system concerned, insufficient co-
ordination among the so-called “source-network-load-storage”, and
inadequate complementarity among various types of generators are
becoming more and more significant. Implementing hierarchical
partition balance of “source-network -load -storage” could address
these problems.Under this background, according to the operation
rules of a grid - connected microgrid, a diversified power demand
block analysis method and a “source-network-load-storage” hierar-
chical partition balance model are presented, and related optimal
design of the distribution network concerned addressed. The pro-
posed method has been employed for actual distribution system
planning, and the implementation results demonstrate that this
method can effectively reduce the maximum load demand, improve
the load profile of the whole system and the load rates of lines, re-
duce the scale of required network investment, realize coordinated
development of “source - network - load - storage”, and finally im-
prove the security and economics of the distribution system.

Key words: microgrid ; source-network-load-storage integra-
tion; diversified power demand for electricity ; hierarchical partition

balance ; power distribution system block planning
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Fig. 1 Power distribution system’s grid hierarchical model

for hierarchical partition balance
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Fig.2 Diversified power demand model for electricity
usage grid
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hierarchical partition balance model

4.1 FBEMIE
FH L A 2 22 0 A T SR ) 45 BT
(1) EMhsEEa

P’,P:D,P (1)
pP'=p! (2)
Pé=D¢ (3)

K PP PP AR LIS Y AR K A
far A 25 25 i BB R R Bl A
85 DI . D! L Dy 53 nil ok R A 1 I e K 7
T | DR P2 i XA H T SR 1 s il () )
i TS IE Z o0 F 5 R 1) die /N Tl H
TG, T LA B 101 {1 8 X Rz 1 4 ol (T m ) L

(2) 7 EAFT R (L E 400 VEEZR)

TEAIG PR L FL 2R SRR T, i s 1 43 A =X L U
F2 AT 58 I RE At DR T ) s Pk T PR R TR K L IR A
Mg, HBCAE 10 kV FF M AEL . 4 PP K
TFOt, R 10 kVIEA TR

(3) MR TTHHEE

E1XF 400 VEREZES>BE T RO A7 | AT 4 B A
oy AR IR R RS TR AL AL , LA R (B B mT
FEA= RER & LA AS M3 4 AL ARTERAMELR ER .

24400 VR ARESTEN B B ] FEA RETR & L
A BT AR, 17 = A LR I AR RS
4.2 {HEEET

A T R 2R R £ A ) 2 BB

8 | BAERMEIE %23%%1H 2021414

(1) RS

Pr=Y ) (4)
P'= Z(P;) (5)
PP (©

A o, AL BRI A A H B A S P
P} PLA AR BEERLEAST j IR i AR R A7
far A FHA R R e sR i A2 A

= (4)—3X(6) wl AT, A H oo iy A4
ST HA TR A XA Z . 4 PP KT 0
I, 24 Fi AL R BT AN B S T ) B ] PR TR &
FEL P A bR 98, 73 3 10 KV R R R4 AR Ha
10 kV B2k

(2) THEAFRTTRO0 KV IEHZ)

R (I ki)

m

Pl= 2 PP <P (7)
Pi=3(P) =<0 ®)

HEZE (FLTRZ )
P,P=i(P;_j) <P™ 9)

o n, 10 KV Sl 145 1 F AR B 5 Py
P} PE YA 2 1 i AR ¢ 1 R AR R
gy I 45 28 2 L b e Kt 0 7 R Bt Bt 4
FHE; PP SR 10 kV 2 10 Fe KA e RE 7 BRI

3 (7)—3X (8) mI AT, 5t L 2R I 1 1) fe R A A
28T A A P R TS 1 D 5 K 7 i % I i %
FHZS B 2Z 0, /N T 2 i 1 e R AR L RE g 5 )
T R T L/ F 055 T 0, W R 5 2k A 1) I 2
o ) I, HUTRZR S 1Y 1 R 7k
T AL 1 P R PR 11 L X R HE g =2 A g/
TFARL I I KA R BUA R /DT85 T 0,

(3) ML HZ

DA AE 7E 10 kV HL R S5 E 1 1 43 A5 2 H U5 B2
AT 3 A e YL 2R (3 Sk ) A T ey 2k
(S22 %

PACHEAE 10 kV HUEAFE A A SR IR A
RT3 BEOE B, LASEEI R PSR A7 A7 ) 23 B
43 {HEBEMNIg

TR ER PR R 4 A L RELR A BT

(1) MmN

Pr=3 ) (10)



Pl=(PL) (11)
Jj=1

Pr=3(P}) (12)
=1

s m, AR RS kAL LR BT s P
Pl Pyl e AR kb e T R It
KA g I £ TR L b s K ) 7 SR i 5t
PO

FC (10)—=0 (12) A] T, Ak ep A 1 12 542 O
AT HAS WA T N EZ . 2 Py KT
O FisF, 2 iy Ak E P AN i i B T B T A= R
KL AR M 9, Rt 35 kV R DT HL TR B 2R 4
Nl A B2

(2) W HEAHR TR (R 10 kV L)

BT 70 A 2 IR 4 A 7 S8 L0 £ (] BR M mT
TR BEVR & FLRBAS i TH 4 A B 728 10 KV AT S i)
TAMEE . 2 Py KT O HL A A A T
o [ea] B AT P A BE VR & U, R 35 kV AL
H e AT A

(3) MBI

PEARHA E 10 kV 45 HL 2 B4 A AR HL sl B2 57 Bt
BB 5 PEARAfE 10 kV 43 Aa L IR L i A RE 43
BRI, DASEIR RSB b H IS B A RSP 5
b5 2410 KV R JC I S B A] R n] P4 BE VR &
PRI HL TR MR, 1 B g o3 S U A A R A2

5 IR

DI = TE A DX Ry it i I i 4 ik iy il A 7
PERARME . 20T & XA EE 2 LR A% 6 ikl
PATT 93 FHHL MR, R A R B (B BE SO
S 22 TR g, L Hp g T R e R S T e
AR 1 25 P AT R RLE TR Y 30%0~50% , A
[ 2 TR0 F P 1 2 008 67 g 2 5 14 4 e 1 32 R 309~
80% , THUHAI 144 155 2 R o IR B T sk ) 2 ) £ g
(BB R 10%0~15% . TE R 8 RIE L S 7e SR i, 75
BLRGEREFR AL 2 TT & K e K A far e =R A L i
DX NS R FH B 1 2 0 18 T A S MR B A I 67 i
e T, TR X A FH 2 B K 7 A it oK 5 P L A
KA 22, s R R SR T P B K i A
DA (L P I E Aaf A 2508, AE DG IRERE I, W A5 % 1 51
AR R DX 45 % A 1) 22 TT A A7 A T 225

IAFE 1T F A BONEAE AT LUE R XA
DA Y _L R R I AR R E, A O I 255 )
1%, BESE LI ]t v] P BB A& FE A HL TN
HHA91.9 MW [IRIATHNRE ST . 7R AR A2 1

TERE TR HEA T I A PR —FE it s, 2 ] 671 A U (L P
HIE R AT I8 14.76 MW, IXIIEHIIERR R 3.87 %,
IR P IS SR, AT DL IR

TETC L R G RS AL KR RO HEZR T, 4 - PR
i it —RAL 0 2 53 DX b~ A S 22 S ARt H P 5
PERLIIBE TN, 57 1 T 1) R I A 1) 22 ST A
FL R TR i 3 J2 0 DR, IR T
AT JEAIECE R G AL BT N A

Pic L R G LR S B T, AR SO DX A S
IR T 325 1T AT 258 AR P X 28 8 1 i A 97 A
iR G RS RRE R 2 B AR R
P 5 T AL, ST TR UEE 8 i i 25 3 1 B E  JRE , $ T
Ryt amasitt. B

SEM:

(1] EZRKRUZEEKRRER. TR RKOGK K&
A7 IR it — R AL 98 3 L (HESR 2 LA ) [ EB/
OL]. (2020-08-27)[2020-11-17]. http://www.gov.cn/
hudong/2020-08/27/content_5537996.htm.

(2] ARl FE4E K ARERAE 55 . DSMT FCHL AR B8 K HE

TC HE, ) R PR R B AIE S L ). W ) R, 2018, 21
(3):1-6.
DU Peiren, DONG Xiangfei, LIN Shaosheng, et al. Re-
search on grid model of DSMT and design of planning
structure for distribution power system [ ] ]. Power Systems
and Big Data, 2018, 21(3) : 1-6.

(3] 2, K, E4F . TCHD o A% AL R T 123 B HOmE HY
LT i RGE I A Bk, 2015(S1) :33-37.

LI Haitao, SUN Bo, WANG Xuan. Power grid planning
method and its application [J]. Proceedings of the CSU-
EPSA, 2015(S1):33-37.

(4] 2BV, HIH vk, ZRRVE . T PO IO DO A FL S0 7 ik S L
L] iy R G4, 2017(10) : 82-83.

LI Xiangtao, DONG Pengtao, JIANG Nengtao. Distribu-
tion grid planning method and application [J]. Electric
Power System Equipment, 2017(10) : 82-83.

[5] SREGIT, XUMLRS . CH PR i AR Ak 7 e LT ] B
#1515 E4k,2017(6) :76-76,78.

ZHANG Mingxin, LIU Hongzhi. The gridding method of
distribution network planning application [J]. Science
and Informatization, 2017(6) : 76-76, 78.

(6] IRAL, Ztichn , X . 28 I S fr s i L) ). Hs
Ty R M, 2005,7(4) : 16-18.

WEN Quan, LI Jingru, ZHAO Jing. Air-conditioning load
calculation method and application [J]. Power Demand
Side Management, 2005, 7(4) : 16-18.

(7] FEARR, 2 AR ah b, 45 . BT B2 REAR OC R B

o 52 2 s i S s O AT LD ). A 0 SRS 3L, 2017,

Vol.23,No.1 Jan.,2021 POWER DSM | 9




MR, #

% U R E K R 5 R o KPR A

F1 ETREHETAABE RN
Table 1 Diversified power demand forecast based on blocks

BLiiE e 4% 22 TC AR B A 50/ MW AL B T 5 R /MW J&]

2 it

1 =R —— TE e o Hl
Mt L H Al JH I wR EW ﬁ’lﬁ 55 ﬂ'ﬁﬁaﬂﬁ*ﬁ Pl e ek it
= S TONEET % TONIE (I i ok TTH soOHE fioR ok A fte
ST LTS % bt e WD T o M
i ALY A Y G P e 2 I /% s BREME fm AhE Ak m

BE1%

7 1%
01 ®k 2.2 1.55 211 037 0.15 408 -1.18 10 60 0.13 198 395 0.13 4.08 3.19

GDOL— i ; ; i i ; ; i i i i i i ;
CQ 21 JBfE 139 074 097 059 024 212 -0.15 15 30 0.04 093 2.08 0.04 2.12 1.89
/Nt 28.85 13.80 33.51 7.73 3.09 59.27 -6.07 14 45 2.11 3140 57.16 2.11 59.27 3.56
01 FAMfF 137 080 1.87 0.27 0.11 3.13 -0.53 15 80 022 1.65 291 022 3.13 7.03

GDO2- i i i ; : El— ; ; : ; i i i § i :
CQ 08 JEfE 1.88 1.10 256 0.36 0.15 429 -0.74 15 30 0.2 244 417 0.2 429 2380
) iNas 9.94 5.83 13.58 193 0.77 22.75 -3.90 15 60 1.22 1236 21.53 1.22 22.75 5.36
01 [EBE 3.06 2.83 2.86 0.24 0.09 583 -2.59 10 60 017 269 566 0.17 583 292

GDO3- i i i ; : D— i ; : i i i i i i :
CcQ 10 FHF 2.01 1.87 1.88 0.16 0.06 3.83 -1.71 15 80 023 1.65 3.60 0.23 3.83 6.0l
/N 19.74 1830 18.46 1.52 0.61 37.59 -16.78 14 S 1.94 16.52 35.65 1.94 37.59 5.16
01 ®lk 510 431 5.89 038 0.15 10.84 -3.93 10 60 035 554 1049 035 10.84 3.23

GD04- : ; ; : E— ; : : ; ; ; i i i :
CQ 07 FHMF 221 1.87 255 0.16 0.07 469 -1.71 15 80 031 224 438 031 4.69 6.61
/N 26.07 22.04 30.08 1.92 0.77 55.38 -20.12 13 70 2.74 27.34 52.64 2.74 55.38 4.95
01 ®lk 041 029 033 0.06 001 073 -023 10 60 002 031 071 002 073 274

GDO1- : i ; : Eh— ; : : ; ; ; ; ; i :
KF 31 JEfE 213 150 1.74 030 0.05 3.82 -1.20 15 30 0.08 1.66 3.74 0.08 3.82 2.09
KF /it 60.16 42.26 49.08 8.50 1.42 107.82 -33.76 13 45  2.87 46.21 104.95 2.87 107.82 2.66
01 Xik 379 291 7.8 1.21 0.36 10.61 -1.70 10 60 043 6.75 10.18 0.43 10.61 4.05

GD02- ; i ; ; E— i : ; ; i i i i ; :
KF 16 JEfE 128 098 242 041 0.12 358 -0.57 15 30 011 231 347 0.1 3.58 3.07
/Nt 25.18 19.32 47.70 8.05 2.36 70.52 -11.27 13 45 279 4491 67.73 279 70.52 3.96
&it 169.94 121.55 192.41 29.65 9.02 353.33 -91.90 13.70 56 14.76 178.74 339.66 13.67 353.33 3.87

T B R K= MU G+ AT e R R~ S M fie/ N 3 5 @) ULV 7= T RS9 x T 2 57 T i T P S 5 i R 5 ) it
7= 0 LA R B + T BRI S  — A s die /N g5 @) BRI Y g = AR R )= B N 5 D) S At By = I (e B+ R e 5 T k5
0 PR A R =1 = R ke R S A R BT AR

[10]

10 |

19(6):7-13.

TANG Weibin, LI Tao, ZHOU Pinjing, et al. Air-condi-

tion load forecasting in summer of power grid using Pear-

son correlation coefficient [ J]. Power Demand Side Man-

agement, 2017, 19(6) : 7-13.

SRS, AR, FIM A — R i B R A R

HT) BACHL ST, 2014,31(4) :44-46.

RONG Xiuting, GE Fei, WANG Haichao, et al. A new de-

composition method of maximum load [J]. Modern Elec-

tric Power, 2014, 31(4) :44-46.

AR MR A BROT SR BT ORBUER I B AT LR &

G377 1 KAy JERRAE A BT () ). H ) KA L 2020, 23

(3):1-9.

LI Jian, LIN Shaosheng, CHEN Fang, et al. Analysis of

the substation area industry clustering methods and classi-

fication characteristics based on the big data [J]. Power

Systems and Big Data, 2020, 23(3): 1-9.
P, BB MR AR 55 BT RBIE T & 1 s S I
Hh Y S5 Ay TR B A Ml S A AR AT [0 . R
Hidl 1 2020,23(2) :17-25.

A% KRMERE

£23%% 18 20214514

[11]

LI Jian, WANG Chen, LIN Shaosheng, et al. Load fore-
casting of point load in the near and medium term and
the analysis of its growth characteristics based on big da-
ta platform [J]. Power Systems and Big Data, 2020, 23
(2):17-25.
s, AR, 2, 2 T AT [ B 3 ) 231X
R BN 5 vk B IO ] B D R B |, 2018, 21
(3):7-14.
FENG Lei, DU Peiren, LI Chao, et al. Method and appli-
cation of the Subarea maximum load forecasting with in-
ter - industry simultaneous [J]. Power Systems and Big
Data, 2018, 21(3) :7-14.
PVEI, ESFAR R, A5 R T U A T e A
BN OIS AR R A 0 8 N S ) R A o
2016,28(12) :64-69.
SUN Zhiqing, WANG Shouxiang, ZHOU Kai, et al. Auto-
mated demand response system in user side based on
load disaggregation [J]. Proceedings of the CSU-EPSA,
2016, 28(12) : 64-69.

(F#%427)



