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Hosting capacity evaluation of distributed generators accessing a medium voltage
distribution network considering randomness
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(1. Zhengzhou Institute of Aeronautical Industry Management, Zhengzhou 450015, China; 2. Economic and Technological
Research Institute, State Grid Henan Electric Power Co., Ltd., Zhengzhou 455000, China)

Abstract: Both the source and load sides of a power system have randomness. This affects the capacity of the distribution
network in accessing distributed power sources. For this reason, a method for evaluating the carrying capacity of
distributed generators in a medium voltage distribution network considering the randomness of power sources and loads is
proposed. First, the outputs of distributed power sources and loads are decomposed into predictable and stochastic
variables, and combined with a sequential Monte Carlo simulation method to simulate the source-load stochastic
production model in the time period. Secondly, this paper makes a division of power supply partitions and a simplification
of the source-load access location, with the goal of maximizing the capacity of each power supply zone to access
distributed power sources and also considering constraints such as transmission capacity, voltage deviation, and
short-circuit current to calculate the stochastic power flow with the distribution network hosting capacity model. Then,
using the index variation and limit distance as the measurement basis, the multi-distributed power supply orderly access
strategy is determined. This prevents the distribution network from being limited in power supply hosting capacity
because of inappropriate local operating parameters. Finally, the model is applied to a regional distribution network in a
central city to verify the feasibility and effectiveness of the method.
This work is supported by the Scientific and Technological Projects of Henan Province (No. 232102240102).
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Fig. 2 Simplified model of mid-voltage feeder connected
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Table 1 Basic information of feeder lines and load distribution
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Table 3 Optimization schemes of hosting capacity
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Fig. 11 Improvement level of hosting capacity by each plan

x4 ARFHRE

Table 4 Verification of constraint conditions

L SE izt AL EHRFRE Fabr PR A Lea N

LA E/MVA 6.56 9.57 e
HLYE H J1/MVA 6.56 9.57 biibes
AR AR ZE /% 6 +7 biiibus

B LR % 3.56 4 biiibus
I FL/A 7.78 20 e
S FLIAUKA 2.29 20 jant
FAKFRE/MVA 15.55 50 biibus
S R Y 72.15 80 @i

HHER 4 nJ5n, J7 R 4 PRI EE Bl 2 S A2
Ao RIBSX T L1, & 5% R 3 R i K
F, B 1 AT, AR DRI BT
WA ek ft el s, SR AL B A K 52k
Ptz
6.4 5MBIFHFFEXTEE

A HVPAY 7 32 B MRS VR R R oy B
i, MR EERTRE. Ao BUE R RS
I HIPARE ERK. REUE ) BUEFIH DG HER
TR, TR E A A, ETAFK DG BRI
GaME, R T bR R B o Bt S AL X DG 7K
WAL, BRI A A2 R, R R
{EAAFLELL T LA )

D) UHERSE— BT 2K, 2P KRBV,
HEREZ, FEEEBNES,; HPKERN,
THEREUD, EREATR.

2) I8 R A T E A [ B PR &,
B—FIH DG % & B AR % S HUE X (8] 3 -5 AT
L PRI AR 75 SMBC T 05 2 o Y5 A B S B
ORI, 2B NGEBCR M S B SUR X, BT AR

THE T H e HERE BRI HL Sy (0] ) B
X FC FL R IR B RE TR, 2 DG FPRECE I
HME LA SE Dar (B, EE TR G B mr o XU RV A A,
H R AT XRDCRE AN A FI, 24 HL I [R] F A R
AR, G AT AR AR X LA B o

3) AT REIEAT Y JIAER F ERIARSCHE, TRES
SRR B RE ) IVBOR 2 . LSS H X 73
Ar FOGAR 22T FH F 75 SRAE ARG LR B e v e, 7 B A7
it P 5 R AR A B F X 55 AT KOG AR R AR 3 R
2> S HOL m AT R B &R ST, RIS b
P R R SR R R i mr 36 231 ZOGAR A TE 9 E RTAR N
EEAAMEM.

456 7 B S RE RIS B RAUUINS e i 300 P e B
PUAE AR, BEACLT S IR 28 e L, AT A PPA
S5 T 9N o MR 123 X 2y A 2R SR PR NI
Ol AR IR AfTRANAE T, 4
AT IR TN 73.6 MW B, 1D HL M i2
ITRES RIF: B|AFEBET 74 MW I, PERS
FL PR RS A 2 R T 4 I P i 2 A A 1, B 1%
P L X R AR Bk Be 0 74 MW, RIIL, 7K EGRE TR
S RAT A LR ASTNERTEAL S5 RS REUE 7>
BUE VAL E5 R Bk 5 o

* 5 IHMEERITEE
Table 5 Comparison of evaluation results
RBH I HKS S KERE/

VA 5 .
f PR KR MW i [a]/s MW
AT = — 183.17 73.90
& 0.01 211.32 73.51
RIS
o 5 0.01 12031 91.41
5Bk o
2 0.10 119.57 72.80

YR RS o BUERE, 2 B A DG B AP
KR 0.0l MW BT, B H & EEE 1A
73.51 MW, 5K ZE 0.53%, 32252 T
THIBE AL 22 DA B R 5 43 BiE A — s sy, H
AR T7 T TV 38 08D 1 13.32%, Bic HL S
RRZ | THEORE FE LR, TSR] 22 B R
2 RGUE 43 Bk AN eI e A et 8P KR U
0.1 MW i, THERHEA 4, HitELSRK
A TTVEMZED AN 23.69%. 1.49%, HEFEEA
WA IT -

7 e

AR 7 5 SR R RIS o A1 X FL YR AR S
HBEATBEATUAILL, 4k R4 T A R IC X XS 43 A LY
FAERE TR, I BRSNS A5 I A I«

1) 45 & 515205 R 1 10 2 L YR Gy T 2 B



2 i, 5

T S BEHUE ¥ 2 A IR I E L R AR B BE D VA

- 159 -

PUBRL,  BERSAR G DL o3 A7 2 AL YSURT S AE A 24
FAIIA R A BN, TR0 25 RE AR I P I
I AHIRNE, PG T A B

2) A% 3C LAy A LY Y 3 AN R K S
B dt, e IR e LR R P I E R &
ART TN AR 6, IR P T O 22 8 WA BEALTE
AR B BN

3) o FE R IRk A1 3 R AR R e 0 T B
K2 U HARZRIER, FEVPAL 70 DX L I AR B E T
SAk b, 6 BN R SR BE R RSN, LR AR AR
B AN B BRAB T AR A, RENS 78 70 A H4E 150 FEL A
[RIRERBET T, XA TR P EENA —E I ELSE
SRR AR -

SECHK

(1] FZAE, W5, &5, 55 el 2 h R ER —A

HL R G HORRFAELT]. o B AL AR 4, 2018,
38(7): 1893-1905.
ZHOU Xiaoxin, CHEN Shuyong, LU Zongxiang, et al.
Technology features of the new generation power system
in China[J]. Proceedings of the CSEE, 2018, 38(7):
1893-1905.

(2] WEME, B, 2T, & ORI RS M AR
RGBSR, BT, 2023, 51(8): 46-52.
TAN Qingbo, PAN Wei, WANG Zhuning, et al. Investment
decision model for comprehensive energy system under
new power system[J]. Smart Power, 2023, 51(8): 46-52.

[31 W/, BUERE, BV, & W& B RGRE

PRI I R 3 R AR (0], o B LR 244, 2021,
41(2): 461-475.
XIE Xiaorong, HE Jingbo, MAO Hangyin, et al. New issues
and classification of power system stability with high
shares of renewables and power electronics[J]. Proceedings
of the CSEE, 2021, 41(2): 461-475.

(4] RREZ, WHA, 29k, 55 25 85 e PR L R A
FPAE P BT REVEE AN RE I PRAL D). FEIIECR, 2022,
46(5): 1947-1955.

ZHU Junpeng, SHI Kaijie, LI Qiang, et al. Time series
simulation and  renewable

production energy

accommodation  capacity  evaluation  considering
transmission network power flow constraints[J]. Power
System Technology, 2022, 46(5): 1947-1955.

(6] XIPCE, sKAERS, 5K, 55 s B RS RH e
SiffRet eI 0]. B 77, 2022, 50(10): 1-8.
LIU Yuankun, ZHANG Weijing, ZHANG Yan, et al.
Joint planning method of renewable energy and energy
storage for new-type power system[J]. Smart Power, 2022,

50(10): 1-8.

(6]

[7]

(8]

[9]

[10]

[11]

(12]

[13]

M, EEE T, S CRRE R T BREHT ) R
G IR R[] M SIE SRR, 2023, 39(12): 20-27.
SHANG Yong, WANG Zhe, YAN Huan, et al. Research
exploration of Shaanxi new type power system in the
background of “dual carbon” [J]. Power System and
Clean Energy, 2023, 39(12): 20-27.

BREYER C, KHALILI S, BOGDANOV D, et al. On the
history and future of 100% renewable energy systems
research[J]. IEEE Access, 2022, 10: 78176-78218.

Wk, FAEME, ER, & BREEEARER S XA
i 5E PR IR S PR I AR T). B ) R AR S A I,
2020, 48(3): 138-146.

JIANG Lin, ZHENG Qianwei, WANG Feng, et al.
Transmission network expansion planning considering
direct load control and wind power uncertainty[J]. Power
System Protection and Control, 2020, 48(3): 138-146.
EPENR, TKEINI, FBEIRE, 5. BRI AN REE R R
W B oA R SE 7). oh I FL AR AR, 2017, 37(1):
1-8.

SHU Yinbiao, ZHANG Zhigang, GUO Jianbo, et al.
Study on key factors and solution of renewable energy
accommodation[J]. Proceedings of the CSEE, 2017,
37(1): 1-8.

FER, M, 25, & BT HENY B AL
THAGIS P A SR e AUl o A D). R LT
FRZAAR, 2021, 41(5): 1655-1663.

LI Guoqing, LU Weihua, BIAN lJing, et al. Probabilistic
optimal power flow considering correlation and time
series based on adaptive diffusion kernel density
estimation[J]. Proceedings of the CSEE, 2021, 41(5):
1655-1663.

SHAFIULLAH M, AHMED S D, AL-SULAIMAN F A.
Grid integration challenges and solution strategies for
solar PV systems: a review[J]. IEEE Access, 2022, 10:
52233-52257.

TRIE, BIER, R, 4. TR R R oA 206 R
SERERERRESIVPAG[T]. HB TR 1R, 2023, 44(2): 122-131.
YU Haozheng, ZHAO Hanjie, LI Ke, et al. Carrying
capacity evaluation of distribution network for distributed
photovoltaic cluster considering user-side demand
response[J]. Electric Power Construction, 2023, 44(2):
122-131.

WY, GRIE, BKik, S m A REEEEA T
TR i SR R PR BC L R FAG[T]. ) R GRS,
2022, 50(1): 116-123.

HUANG Mingyu, ZHANG Qingping, ZHANG Shenxi,
et al. Distribution network reconfiguration considering

demand-side response with high penetration of clean



- 160 -

W) &Gk B

[14]

[15]

[16]

[17]

[18]

[19]

[20]

energy[J]. Power System Protection and Control, 2022,
50(1): 116-123.

J R, sk, Balte, & R0 A OB RBYES it
M RIEREANE R ARG AL, 2017,
41(4): 56-61.

ZHOU Liangxue, ZHANG Di, LI Canbing, et al. Access
capacity analysis considering correlation of distributed
photovoltaic power and load[J]. Automation of Electric
Power Systems, 2017, 41(4): 56-61.

MG, Yo, XIE, S5 BERHEMEREIEITR
W i 78 FBE SR e D0 VRAG SALAL ). ARG S
), 2022, 50(3): 131-139.

QU Dapeng, FAN Jinheng, LIU Qiying, et al. Assessment
and optimization of charging pile acceptance capacity
considering the comprehensive operational risk of a
distribution network[J]. Power System Protection and
Control, 2022, 50(3): 131-139.

SRR, BRVE, B0, A TC L A X R IR AR E AR
PRAR R AR AR R AR S ]. LR R, 2020,
47(11): 19-23.

ZHANG Xingyou, CHEN Tao, ZHAO Shuai, et al. Index
system construction and calculation of distributed
generation carrying capacity evaluation in distribution
network[J]. Shandong Electric Power, 2020, 47(11): 19-23.
M, B, TS, . Z4ERIERHILT B aelR
THANRE DA T IR AL LR (0], b [ AL TR AR,
2024, 44(1): 127-146.

WEN Yunfeng, YANG Youhang, XING Pengxiang, et al.

Review on the new energy accommodation capability

evaluation methods considering multi-dimensional factors[J].

Proceedings of the CSEE, 2024, 44(1): 127-146.

wkIRT, B, KA, & FET R RGUREITE
PR BT RETRBE N R 7 VR [T]. BER, 2021, 45(2):
632-639.

ZHANG Zhenyu, WANG Wenzhuo, ZHANG Xiaoqi, et al.
Renewable energy capacity planning based on carrying
capacity indicators of power system[J]. Power System
Technology, 2021, 45(2): 632-639.

S, EAE, T &R TARMERARMEIR I ) R
Gup AR AR 1) BT[], P E g, 2022, 55(3): 1-8.
DONG Yu, DONG Cun, YU Ruoying, et al. Renewable
energy capacity assessment in power system based on
linearized OPF[J]. Electric Power, 2022, 55(3): 1-8.
INRE, B, T, % FRANTIREPRELAR
T R PRI BE VR A SR RE D TS DTV (D). R R G A Bk,
2023, 47(13): 1-8.

SUN Rongfu, YUAN Hui, WANG Xiaolu, et al. Assessment

method for accommodable renewable energy capacity of

grid considering small-signal synchronous stability
constraints[J]. Automation of Electric Power Systems,
2023, 47(13): 1-8.

[21] X, £ET, ZFu, & 1 AZARNZ 5 m B IE

P NTE L X fe KA B oy BURALT]. I RS B,
2020, 44(4): 72-81.
TAN Xiao, WANG Zhuding, LI Qiang, et al. Segmentation
algorithm for maximum hosting capacity of distributed
generator accessing to distribution network considering
multiple constraints[J]. Automation of Electric Power
Systems, 2020, 44(4): 72-81.

[22] EBMH, IRT, L, 5. RTHmBE eI A
ARIRAE I DSSC MRALECE)]. M1 RGERS Sz,
2023, 51(5): 179-187.

WANG Zhiwei, ZHANG Zhenyu, LI Zheng, et al.
Optimized DSSC configuration to enhance load-carrying
capacity of the new energy grid with high permeability[J].
Power System Protection and Control, 2023, 51(5): 179-187.

(23] MOORK, fEm, KE, & FRBEIRGE T2 MK

R NI FEL DR R 3 ) PRAG DT i D). B RS R
P51, 2023, 51(14): 23-33.
HAO Wenbin, MENG Zhigao, ZHANG Yong, et al.
Carrying capacity evaluation of multiple distributed
power supply access to the distribution network with the
background of a new power system[J]. Power System
Protection and Control, 2023, 51(14): 23-33.

[24] EFIR, Fis, ARIVE, S5 TR R0 BRI 8

el s T HL DX BT RE IR PR AN RE 0 IRAk (] PR D, 2022,
55(10): 124-131.
WANG Lili, WANG Hao, REN Zhouyang, et al. Evaluation
of renewable energy accommodation capacity of high
voltage distribution networks considering regulation
potential of flexible resources[J]. Electric Power, 2022,
55(10): 124-131.

[25] 50, MRRTD, TR, 4. Wi bl fEAE REUR

RGN REHEME T FED]. B R% H 3k, 2022,
46(16): 3-16.
LU Zongxiang, LIN Yisha, QIAO Ying, et al. Flexibility
supply-demand balance in power system with ultra-high
proportion of renewable energy[J]. Automation of Electric
Power Systems, 2022, 46(16): 3-16.

WS HHA: 2023-09-21; f&E HHEA: 2024-05-01
EEE -

& o (1979—), B, @fEHH, Md, s, R
FEAFERL LS FRAEAK, Bl MAMK . E-mail
nomad0729@163.com

(4hiE Bl aH)



