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ABSTRACT: [Objective] Driven by the carbon peaking and carbon neutrality goals and energy transition, the large-scale
grid connection of multiple entities such as high-share distributed generation, flexible loads, and new energy storage has
promoted new distribution systems to exhibit characteristics including deep generation-network-load-storage coupling and
dynamic evolution of morphological structures. Traditional experience-dependent planning models are no longer capable of
addressing complex challenges such as the surge in system uncertainty and the coupling of multi-objective constraints. There
is an urgent need to establish a new planning paradigm adapted to the development needs of the new distribution system by
relying on artificial intelligence (Al) technologies. [Methods] This paper systematically sorts out the core processes and
technical pain points of new distribution system planning, analyzes the key challenges in links such as planning knowledge
graph construction, generation-load forecasting and scenario generation, power balance, capacity planning and network

optimization, and generation-network-load-storage coordinated planning, and comprehensively elaborates on relevant
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research progress and technical application paradigms. This paper summarizes and analyzes the existing problems of Al-
based new distribution system planning technologies, such as low efficiency in multi-source heterogeneous data fusion,
insufficient cross-scenario generalization capability of models, lack of interpretability in planning decisions, difficulty in
dynamic adaptation of multi-objective optimization weights, and inadequate consideration of the engineering feasibility of
schemes. Corresponding key technical evolution directions are highlighted, including enhancing model adaptability through
the integration of graph learning and physical constraints, strengthening cross-scenario and small-sample application
capabilities via transfer learning and data augmentation, deepening data mining based on multi-modal fusion technology,
improving decision interpretability by combining causal reasoning, and building a human-machine hybrid intelligence system
to enhance planning practicality. [Results] Compared with traditional planning methods, Al technologies, relying on their
powerful data processing and intelligent decision-making capabilities, provide efficient and accurate solutions for new
distribution system planning, and have significant advantages in multi-scenario adaptation and multi-objective coordination.
However, they still face a series of bottlenecks in technical implementation and engineering application. [Conclusions] In the
future, it is necessary to continuously promote the deep integration of Al and new distribution system planning, tackle core
technical challenges, and provide technical support and decision-making references for the high-quality development of
distribution networks.

This work is supported by Smart Grid National Science and Technology Major Special Project (2030) (No.
20247D0800500).
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Fig. 1 New distribution system planning process
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Fig. 2 Construction process of knowledge graph for distribution system planning based on large AI models
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Z LB WAE | 2 2 205 L0 R WL B A B
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Zi b A WE AR I e T 5 3 A i T R
3 7 B E PR EANAAAE DL R 1) B X Sz L RE
7122, ZHUIN B AL T4 X e AR AT
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programming, MINLP) (1) Fic. B 5 AT 5 4 00 Ak 7 i | i
AL I3 BOT 5 1 Wi s i S8 B L2 380 1 S
DL/ IME B 558 A 5 ] P s i i 2k o 72 RBTS
I ZR e P I IR ZE SRR W] MBI T 58, RUAS AT
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], 30 4o R 5 0] R 2R R IR A B R AT AU A
I 0] 73 7 v 3t B A SR A DI, DT S IR 2 AL 3
M) [A] -, e 2RI TR JBE 15 9 2% (deep belief network,
DBN) $R A5 5 )2 R IE I 7 2t A A . SCHR( 74 ]
PE— DR R 27 ) sk 2 S 5 A A S TR
fOGAR R GE A BVRGE LA S SR e e 48 2 2 8 0
P55 1k G P Ak R

2) TE W ROk Ty T, TR iR Ak 2] 5 o ) 4L

PR RS Sl B 2 R S f P S
2 RE T AR e Bk AR R P H R 37 5t
HRPEAE T I A A2 2% B g A TR T T o 22 R 4%
5 UR I 5 A5 > 11 I 2RI A AR T L T
LA G O PRI 25K 30 o P e 22 R 2% 2 TR 6% 4
I B L SURFE , I I SR04 IR e AL Ay i Ak 7 >
HR Y P 9 TR SRE T e R R A e 2o D 2 ) B AL H
TN BE SRS o PRIl 22 0 2 RE A A R A Rt R 45 4 o
AIFR N 2R, TR SRR o T T A 10 2% T g 45
7 T EAT R AT 0, TR I A2 A g &
Ge i AR ALARE Iy 5 1 TP ) T 22 S A
ol 9 RS 5 AT G A A A AR R T R GER
WU K2 A7 7 s e A B IR SR
PEATGE— B, TR LA B %) 2R Gz 47 ML
PR ZS AR B BRAR S 0 MR a3 A
TE A ECHE A TR, 51 AR SO e 19 277 L R i 7
27 o FR AT LA SR KA A AR T, A s B A A4
B TR R . tesh, e R fe
N RESA VAL A n] T fifp DR i v 2 I AT SRy 722 P
BEdIk LA K op A sURE IR A T SR A5 IR, 7252 2%
fife 2 18] FP R 3 4R A 0 BT Rl P AR AR T 5

S TR BE s AL~ ] 5 P 22 I 2% 7 R R i v
JEBLH T T A S BB AE DL . 1) 2 BB
W PETT SRR A TTE 2 — D R A AT,
{ELTRC FRL 1) D4 2 2 B B S it ) ol e, i = X 9 T
FAIRRE ST 5 2) N=1 20 B PR A A ML, 3 A2 N~
122 24 0 DU BEOR MR J5 S A AT — U RSO s T RE I
LR X — A RTERC: IR G R T, AT IR
JBE =7 o 7 1 FE R i B A 2 il e K (R oid
TP REAE L SE MR R BT N-13%5%, S BUE R
T7 SRAE S PRAS AL I Al BEAN T 2 25K 5 3) 1R A B 4O
R 55 M 2 2% 1 4 5 HURAR A LA AR B R —
AR BB L M ML 1] R, (5 BUAT BF 5 208
WOt A it oy i S A B I ) 245 58 2B AR
DUALAS , k= P 22 I 28 i3+ B L PRAIE ™ A TR B
Rl s 4) P 22 I 26 B S 2% E R4, X T
RABEBC L R, GON B35 N A7 o ) B
HELLAE 5 RN 1] P4 52 I 2k
3.5 IRt E K]

U5 i At P13 [) RS 5 A S B A R T i
RGN ey 5 C R I 2% 22 ) 4 B3 [ G B, LR 2
e SRS R 2 R £R 5 . B
TR, i 2 A AR AL S B 2 2R B IR
AR E S &R A e

N T RERIBY REAS S AR BE Rt 5 L IR ) 4

http://www. cepc. com. cn



%7

WM , 45 - N RETE T AU HL AR G LRI v B9 0 FH £ ik 61

P BRI LD R I 2 24 2 TR ) 5 BRDCIC . 258
it BEF R T v 22 MM 26 56 4 Ay sl 5 AR A, X LA 5
3 L WA 0 2l ) I 25 R P K L s AT 29 R, R T
TRIE 7 > R A7 2] 10 it BE P[] KL S0 A8 1 3ok il 5
oA BB HE B | Tt S L s AT R B
il RE B2 JIAS B 25, 45 il RE 41k 5 75 2k L 8 ) Rt
Akl Z HAR Otk n) @, Jf ) H1 fe 550k A8 i A
BeE 7% . SCHRL78 1767 TE H - U RE IR R GE b ] ML)
AR b 38 e SR 2 D7 VR X G L AR R AT R 4, O
LA RE e ik E AL SCHR[ 79 41 X A& SE ik bk 2
PR TR G IR DI RN AR RO ik 52 A B s B TR) AL
Bt TR IR 2 2 LA 905 1 1k 3 [ 000 R SR, A
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