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A Study on Precise AGC Real-Time Modeling and Peak Shaving for
Distributed Photovoltaic
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Abstract: As one of the main renewable energy sources in electric power systems, the photovoltaic (PV)
power generation takes on a transition development trend from centralized-based to combination (centralized
and distributed) grid connection. The demand for low-voltage distributed photovoltaic to participate in grid
peak shaving is becoming increasingly urgent. To solve the difficulty of precise real-time awareness for the
low-voltage distributed-PV active power in automatic generation control (AGC), a data-driven real-time
modeling scheme is proposed by using the directly-collecting data from the benchmark PV station integrated
with the meteorological data. The AGC real-time modeling of distributed-PV clusters is built with the uses of
density-based spatial clustering algorithm with noise (DBSCAN) and eXtreme gradient boosting (XGBoost)
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machine learning. Based on the feasible region projection theory, the adjustable power boundaries of
distributed-PV clustering aggregation are described by adopting Minkowski sum approach and vertex search
optimization method. The distributed-PV precision modeling method proposed in this paper enhances the
observation frequency at the dispatch and control master station without additional collection devices,
achieves minute-level active power of distributed-PV, and provides a feasible region of distributed-PV that
meets power grid operation constraints. Furthermore, a multi-dimensional weighting PV peak shaving
strategy is also studied by taking the security (indexed by regulation rate) and the fairness (indexed by
abandoned power rate, load factor and installed capacity factor) into consideration. The effectiveness and
usefulness of the present models are verified properly form a practical case combining with the actual power
grid dispatch and control master station at a certain provincial level. On the premise of power grid security,
the model balances the maximum utilization of renewable energy and regulation fairness.

Key words: high-penetration renewable energy electricity; distributed photovoltaic; active power control;

data-driven real-time modeling; peak shaving strategy
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Fig.1 Schematic of architecture design for renewable energy AGC modeling and peak regulation control
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Fig.2 Schematic of determination for the factor K based on machine learning
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Table 2 Parameters of distributed PV
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Table 3 Clustering results of distributed PV groups
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Fig.6 Real-time power outputs of distributed PV
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Fig.8 Peak-shaving process for full-voltage level PV
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Table 5 Timetable for increased accommodation space

of PV power

i ) 9 108 118 128 130

AP HER 13781 14 903
ANTEEHF 11900 12900
JeiRME Kk sh% 1881 2003

16 993 18875 17 319
14 100 15500 15000
2893 3373 2319

—ETFASCIRE B AR A 2 RS GOBR SRR
AT RRE ] B AR JleE A

iR A it
ey «

OF-==c----

12 13 14
B [E] / h
B9 g 0d I i rp ' £ W 4 25 1)

Increased accommodation space of PV power during

10 11 15
Fig.9
peak-shaving

TE 3 OGAR I e Dy 32 43 e J7 1D, LA He 43 A
AR Sy 5] 1, B[] 25 70 3 3 O 5 1 3 3l 4% o 4SS
14 3 e SR W6, AU 9 A7 22X AR 328 JBCRE s 9 5 ) S AR
HEHL AGC 33 2 5 52 B il 38 2, A L 75 R0
70 MW U B, I IS A TR I B JE T IE R I,
U R wa =[0.2,0.15,0.25,0.4 ], 2 T £ 5 L
TFE B 11 98 0 43 TC SR W AN 2 6 TR o AR Z5 A AL
AR AR S 1 R A i A IR S sl 7 R e Y

x6 ETHEENEHENNRESAXXREHNFESSE

Table 6 Peak-shaving distribution of low-voltage distributed PV groups based on comprehensive weighting indicators

BMAGC  SaRE  Gumk  CRHUAR  EWEE  sdoR O RILUAR/ SRR/ EE TR
VRS deh/% RER/% WORIEER/% R/ Y HER/% MW MW OE(E/MW
1 0.96 0.673 0.650 0.80 0.75 15.7 12.56 10.04
2 1.03 0.924 0.916 0.88 0.81 22.1 17.23 13.78
3 0.84 0.943 0.912 0.88 1.32 22.0 17.6 9.10
4 1.10 1.136 1.173 1.12 0.94 28.3 21.2 16.96
5 1.13 1.323 1.347 1.32 1.18 32.5 24.7 19.76
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Table 7 Comparison of different weighting indicators

WA BT SRR

4 R
IrRE WAL min b2
R V4 AR 15 0.41
FEHLA g, Sy B A 42 0.09
L5 AU $6 7 43 T AR AR 28 0.16
4 4% %

(1) 42 7 — b 35 7 25 ofe 0 52 {5 8 ke S5 4
SAL AR AR 4 A1 KOG AR AT Dy 2y e S i I R 7 v LR
T B A Al e AR S [B) B E 5T DBSCAN #4758
Fo BT K L AGC 33 i 8 19 0% R o0 A O fR
RN TR A L PEAR SR Y R A
JEE A ) 32 3l 1 Bl AR A T D R ICRAE B RS
S B A W I Al L R S BIL AR 2 2T R 48 XGBoost
YIRS A 3R IR T 43 A O AR AR B 20 2 32 1 [+
R

(2) FEFrl T #Hg &y T % 8 0 20
T R Ty 5 24 SRR IC 3 3R 24 3R R v ) 4 1 24 3R
AR e 43 A SO AR AT I8 5 ) 3R 500 SR s Y | SR
FH B AT 5K Hir B SRORTHE AT 3R A R 0 A 48 R 1k R AT R
PR A, MR T 2Rtk B A X, mT LIOKS o i 52 B AIG
JEor A SO R A DD i LN IREA Lk,

(3) PAZE 4t (A B3 ) 50 P M (5 i R |
Tufr R ML RO VRN E AR AR N
FEAR S 55 52 i e e 4 ) 1) AR 3 O ASE AR 9 4
= 3l S SRRV R 43 A7 = AR A T ) R0 o 1

IR T Bl RS 8 S Ol DR R HE R DA R R U
FI bR AT B B 22 ) D6 AR 1 29 2 18], JF 78 £ Bt HL )
= A HITHR N FRTH AE IR 37 0l 4 15 A F

(4) Bt XA 23 A 3O AR Al B % 40 9K 3h
AGC S I BRI R %5 8 2 48 ) BUER DG IR R 0 o
AR Y, 4 ML TR S 0] 0 24 48 2% 5 B vl IR0 7 P 2 2
BE T A R RS

ARSI AR AR 20 A SO IR AGC 92 A
Lo 8 W 4 WE J5 1, 7 IO 58 1) v 2 5 4 o 9 2 14 O
LAGC Sl MU A BR AR 5 AR MR o3 A X
JEAR I W 14 52 B 37 55 vh AT 5 58 23 (9 B BRI, R
KBt oA SOCIRZE L AT, 5 ZE— 2 % 18 A
AR E S Z 50 071 5 1 IR 0 73 1iE L AL
T B M 355 7 ey F A8 ] P2 E TR T A ) 7 2
NEGREFRK .

SE Wk

(1] SRERI, BEEER . oA B AR TR EH B ) R

PRk S B T]. P T R A4, 2022, 42(8) -
2806-2819.
ZHANG Zhigang, KANG Chongqing. Challenges
and prospects for constructing the new-type power sys-
tem towards a carbon neutrality future[ J]. Proceedings
of the CSEE, 2022, 42(8): 2806-2819.

[2] FAN M, LI Z, DING T, et al. Uncertainty evalua-
tion algorithm in power system dynamic analysis with
correlated renewable energy sources[J]. IEEE Trans-
actions on Power Systems, 2021, 36(6): 5602-5611.

[3] [, ZRGE, &9 Brat R AN Mgt 5

A REPEORACBIT S [T ], 7 a2 i R R4 2% 4, 2018,
50(5): 715-721.
LYU Hao, LI Lumiao, JIN Rongying. Optimization
algorithm for reliability and economic assessment of
power distribution system with renewables[J]. Journal
of Nanjing University of Aeronautics &. Astronautics,
2018, 50(5): 715-721.

[4] KROPOSKI B, JOHNSON B, ZHANG Y C, et al.
Achieving a 100% renewable grid: Operating electric
power systems with extremely high levels of variable
renewable energy[J]. IEEE Power and Energy Maga-
zine, 2017, 15(2): 61-73.

[5]  BRAF, 250l B, 45 4 A 20T IR Bl g AL

NREGRGER IV R GRT] i) TR A,
2025,44(2): 145-159.
CHEN Zhengping, LI Wenzhong, CHEN Feixiong,
et al. Summary of research on improving the flexibility
of new power systemswith distributed resources[J].
Electric Power Engineering Technology, 2025, 44
(2): 145-159.



1) ok B2 AR SO IR B Bl A R Yl S I AR R 0 SR i A 5 221
[6] MAKOLO P, ZAMORA R, LIE T T. The role of in- [14] MVRAE, BRI, moBH, &5 kT AR BLE A 2 8 o )

[7]

[10]

ertia for grid flexibility under high penetration of vari-
able renewables—A review of challenges and solutions
[J]. Renewable and Sustainable Energy Reviews,
2021, 147: 111223.

WA, B R R B RE R A SR A 3
RBERTRARESREI]. B ORZ AL,
2018, 42(8): 2-15.

HU Zechun, LUO Haocheng. Research status and
prospect of automatic generation control with integra-
tion of large-scale renewable energy[J]. Automation
of Electric Power Systems, 2018, 42(8): 2-15.
BeYEsE, wold, B, % wm LI RE IR ) R G
R G R ER ARG RRREI]. B REA
gk, 2023, 47(15): 12-35.

TENG Xianliang, TAN Chao, CHANG Li, et al.
Review and prospect of research on active power and
frequency control in power system with high propor-
tion of renewable energy[J]. Automation of Electric
Power Systems, 2023, 47(15): 12-35.

LU P, LAN H, LIU S, et al. Two-stage distribution-
ally robust optimization dispatch for power systems
with uncertain small-sample wind and photovoltaic data
[J]. IEEE Transactions on Smart Grid, 2026, 17
(1):429-441.

EWr, BT, K45, 4. HE T PNN/PCA/SS-SVR
G AR e H D A A O gy 2 (7] O R A B
&, 2016, 40(17) : 156-162.

WANG Xin, HUANG Ke, ZHENG Yihui, et al.
Short-term forecasting method of photovoltaic output
power based on PNN/PCA/SS-SVR[J]. Automation
of Electric Power Systems, 2016, 40(17): 156-162.

B SCHE, X 3, SE IR, 45 L 2 SN P BT R T R 4
ek 0 . J E 0 B R J7 A [T ] B TR R
2024,43(5): 37-47.

LYU Wenqi, LIU Ziwen, DONG Xiaoxiao, et al. A
cluster partitioning method considering adjustable ca-
pacity and response speed of flexible resources[J].
Electric Power Engineering Technology, 2024, 43
(5): 37-47.

SIMEUNOVIC J, SCHUBNEL B, ALET P J, et
al. Spatio-temporal graph neural networks for multi-
site PV power forecasting[J]. IEEE Transactions on
Sustainable Energy, 2022, 13(2): 1210-1220.

JAE, EYEAR , IO T R 1 B b B )
Promue grik [J]. B AL 28 0 K K7 2 4, 2021, 53
(5): 664-676.

ZHOU Yu, CAO Yingnan, WANG Yongchao. Over-
view of data processing and analysis algorithms for big
data[J]. Journal of Nanjing University of Aeronautics
&. Astronautics, 2021, 53(5): 664-676.

[18]

[21]

[22]

Tl B o 28 550k [T ], w9 At T 28 R R 2 2 4
2021, 53(5): 677-683.

SUN Shuanzhu, CHEN Guang, GAO Yang, et al.
Semi-supervised learning industrial data classification
algorithm based on similarity[J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2021, 53
(5): 677-683.

KOIVISTO M, HEINE P, MELLIN I, et al. Clus-
tering of connection points and load modeling in distri-
bution systems[J]. IEEE Transaction on Power Sys-
tems, 2013, 28(2): 1255-1265.

B, FLok, Jri@, % . T K-means 2 28 FIBE L
AR L R A BB R (T ], B R AL A AR
K22l 2024, 56(5) : 892-899.

YANG Fan, WANG Hongbin, FANG Jian, et al.
Cable risk assessment and repair decision based on K-
means clustering and random forest[J]. Journal of
Nanjing University of Aeronautics &. Astronautics,
2024, 56(5): 892-899.

WU W, PENG M. A data mining approach combin-
ing 4 means clustering with bagging neural network for
short-term wind power forecasting[ J]. IEEE Internet
of Things Journal, 2017, 4(4): 979-986.

WANG SY, WU W C. Aggregate flexibility of virtu-
al power plants with temporal coupling constraints[J].
IEEE Transactions on Smart Grid, 2021, 12(6):
5043-5051.

FRIE, R0 R RIERESHRA S wfE
PRI B RG A S, 2024, 48(3): 19,
WANG Siyuan, WU Wenchuan. Aggregation refer-
ence model and quantitative metric system of flexible
energy resources[J]. Automation of Electric Power
Systems, 2024, 48(3): 1-9.

yioR (PO SV N S (| - R N 735 W (Tl e 3 R s
AN P R LR AT AT A ek LT]
YA L, 2024, 48(18): 129-138.

JIAO Zhijie, WANG Xiaojun, LIU Zhao, et al. Con-
struction method for probability-based feasible region
of virtual power plant considering uncertainty of distrib-
uted renewable energy output[J]. Automation of Elec-
tric Power Systems, 2024, 48(18): 129-138.

KR, PR, O, 4 LT AT U Y IR
BB RE R D R b A s A7 7 ik [T] TR R
e, 2024, 39(9): 2784-2796.

ZHANG Tiance, LI Gengyin, WANG Jianxiao, et
al. Coordinated operation method of renewable energy
power systems based on feasible region projection the-
ory[J]. Transactions of China Electrotechnical Soci-
ety, 2024, 39(9): 2784-2796.

S, TS, AW, AF TR R oA A0



222

BRI MR Rz R (A R B 22 D

i 58 %

[27]

[28]

[29]

RILAE AL I P 38 7 5 B BER BRIF [T, s 4 R,
2024, 48(1): 184-199.

LI Feng, DING Jie, ZHOU Caiqi, et al. Key technol-
ogies of large-scale grid-connected operation of distrib-
uted photovoltaic under new-type power system[J].
Power System Technology, 2024, 48(1): 184-199.
WA, AR A, T RS0 B A
3 XOG R Fz i th R ek [T]. i i 88 5 8T
#2024, 45(4) : 133-140.

XU Xiaochun, LI Youwei, LI Yanlun, et al. Real-
time power sensing algorithm of station photovoltaic
based on blind signal separation principle[J]. Power
Capacitor &. Reactive Power Compensation, 2024, 45
(4): 133-140.

XIA S, DING Z, DU T, et al. Multi-time scale coor-
dinated scheduling for the combined system of wind
power, photovoltaic, thermal generator, hydro
pumped storage, and batteries[J]. IEEE Transactions
on Industry Applications, 2020, 56(3): 2227-2237.
WANG Z N, FANG G H, WEN X, et al. Coordinat-
ed operation of conventional hydropower plants as hy-
brid pumped storage hydropower with wind and photo-
voltaic plants[J]. Energy Conversion and Manage-
ment, 2023, 277: 116654.

ZAHMOUN S, OUAMMI A, SACILE R, et al.
Optimal operation scheduling of a combined wind-hy-
dro system for peak load shaving[J]. IEEE Transac-
tions on Automation Science and Engineering, 2024,
21(4): 7117-7130.

GUO Y, ZHANG Q, WANG Z. Cooperative peak
shaving and voltage regulation in unbalanced distribu-
tion feeders[J]. IEEE Transactions on Power Sys-
tems, 2021, 36(6): 5235-5244.

SEWRL, WA, AR, T A OB R M
R A IR ™ 2904 T R A e,
2018, 42(3): 21-31.

DOU Xiaobo, CHANG Limim, NI Chunhua, et al.
Multi-level dispatching and control of active distribu-
tion network for virtual cluster of distributed photovol-
ataic[J]. Automation of Electric Power Systems,
2018, 42(3): 21-31.

SO, AR, AN, AL RS AR A R
Loy mA R EERER ], o R5 A3k, 2020,
44(9): 111-118.

WU Wenchuan, ZHANG Boming, SUN Hongbin,
et al. Energy management and distributed energy re-

sources cluster control for active distribution networks

[30]

[31]

[32]

[34]

[36]

[J]. Automation of Electric Power Systems, 2020, 44
(9): 111-118.

TR, AR, W RIE, LT - )T AR 43
A5 FOBAR LS 5 v R TR W B R BIF 58 K i LT
FREJIHA, 2025, 52(1) : 46-53.

ZHANG Qiang, LI Na, LIN Chenhui, et al. Re-
search and application of distributed photovoltaic flexi-
ble participation in power grid peak shaving technology
based on the concept of grading and collaboration[J].
Shandong Electric Power, 2025, 52(1) : 46-53.
P, BN, 3 A g, % M DBSCAN A 3 T
VEBEZS 3 M ik ], B B 28 LR R 2 27 4l , 2024,
56(4): 677-686.

SUN Jiabao, KANG Jie, DONG Zirui, et al. Im-
proved DBSCAN for automated operational modal
analysis method[J]. Journal of Nanjing University of
Aeronautics & Astronautics, 2024, 56(4): 677-686.
R b, AR DY . 3T R IR b AR OG 2 B0 8 R I
AR AL i B S s w5 (7] b IR g, 2023, 56
(5): 193-202.

ZHAO Yuanshang, LIN Weifang. Research on typical
scenarios based on fusion density peak value and entro-
py weight method of Pearson’s correlation coefficient
[J]. Electric Power, 2023, 56(5): 193-202.

CHEN T, GUESTRIN C. XGBoost: A scalable tree
boosting system[ C]//Proceedings of the International
Conference on Knowledge Discovery and Data Mining.
[S.1.]: ACM, 2016: 785-794.

TAN Z, ZHONG H, WANG X, et al. An efficient
method for estimating capability curve of virtual power
plant[J].
tems, 2020, 8(3): 780-788.

VRIEEEL, A0, XU B, A LT RS 24 R Y R
LA T Bl A5 T AT BOR O s (7] b L TR A
2, 2024, 44(9): 3440-3451.

XU Zekai, HE Jinghan, LIU Zhao, et al. Solution

method of virtual power plant dynamic feasible region

CSEE Journal of Power and Energy Sys-

based on decoupling of coupling constraints[J]. Pro-
ceedings of the CSEE, 2024, 44(9): 3440-3451.
THJE, E00, 255 45 L DGR He A e i N 22
J2 28 B 1) T EORS AT A [T L R H R , 2024, 50
(10) : 4540-4549.

YU Yutong, WANG Can, LI Yong, et al. Multi-lev-
el reverse heavy overload risk assessment for distribu-
tion system with high percentage of photovoltaic access
[J]. High Voltage Engineering, 2024, 50(10): 4540~
4549,

(%% . 30 F%)



