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Abstract: To address the congestion problem in distribution networks caused by high penetration
of renewable energy and uneven spatial distribution of data center workload, a two-stage
hierarchical congestion management method based on a model-data hybrid-driven approach is
proposed. In the first stage, considering the regulation capabilities of resources such as on-load
tap changers and shunt capacitor banks in the active distribution network, a long-timescale
congestion management method based on direct resource control is established and optimized

using a data-driven deep reinforcement learning algorithm to adjust their switching positions. In
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the second stage, a short-timescale congestion management method for the active distribution
network is developed based on the flexible migration characteristics of data center cluster
workload. This method integrates dynamic frequency regulation technology and dynamic server
configuration technology of data centers with flexible workload migration characteristics, and
employs a model-driven second-order cone programming algorithm to optimize renewable energy
inverters and workload migration. Test results on a modified IEEE 33-node system show that the
proposed two-stage congestion management method can effectively alleviate line congestion,
reducing the maximum branch load ratio from 139.59% to 83.92% on the test day. Compared
with traditional optimization methods, the proposed method shortens the solution time to 18. 73 s
with only a 0.8% cost increase, demonstrating better solution efficiency and robustness, and

achieving friendly and coordinated interaction between data center clusters and the active

%60 %

distribution network.
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Fig. 1 Two-stage hierarchical congestion management

framework
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Fig. 5 Maximum line load ratio before and after congestion management

K6 LI s Ep e R s T H REN I
BATIRAS S R KR A SCHI 4 19 By B B 28 45 B 5
12 CF SCHRTARAS 3007 1200 13 B A9 5 — 1 35 5 L R Y
R KB A e /ML Al TERT R, bl T R TS g R
Uit JC I A AN KL 2 A G D A A B A R
A A% AF R M BT IR R G o ™ Y L

IS IN(] R/AME
1
2 33
NS I B )
4 T 00 T~ 31
100 1. ~
5 7 0.98 +1-0 N 30
/ : \
6 // 0.97 DY \\ 29
) 097+ w0
/ £ 09790 \
7/ 0.95 091 \ 28
/ i bon 9092 \
// 0.94 = y 0.93 \\
8 0.94 =08 0.94 | %7
093 o 0.94 \
C ) 25
? | 0,92 0.7 %97 ’ 2
0192 |
10 0.91 097 ] 25
\ 091 0.98 /
I\ ) 2
\ 491 0.99 y
\ 0.910.91 /
12\ 099 / 23
\ 0.91 9,990 y,
13 )
14 )
15 >~ | ~ 20
6 7 8 19
() PH %€ & #HL R

2. WRL31.32.33 LT 3K AR il » P I TG B Ab £
RENAR, FECOLE R IEERE R 0.9 508 L8, A
TERGN) %A AT B LA . AR SCRT SR PR
W B BH 2 5 B 7 vk 2 &R 48 H P R AS ) ) A T/
T4 AEs A RN X R B sl K R G A
FERE AR LB LA,

SN} I /ME
2 1 33
3 11— 77 3
4 T 31
s 7 0971 %98 N30
/ 0970 o 0'970'9% 97 \\
6 , 3 ,‘ ) 29
A asTR L 097"\
7 / 0.97 1 ] 0.97 28
/ 0.97 = 0.97 \
kS| \
8 0.97 308 0.97 \ 27
0.98 o |
0 / 0.97 |
\ 0.97 0.7 0.96 \
10 | 097 0.96 | 25
0.97 0.97 /
11 0.98 0.97 / 24
\ 0.98 0.97 /
12\ 0.98 0977 y =
N 0.99.990.99 /
13\ )
14 )
15 >~ | — 20
16 g g P
(b) PHZE45 H J5

6 BHZEE BTSSR E R IK R

Fig. 6 Nodal voltage radar diagram before and after congestion management
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Table 1 Comparison of daily operating cost results for different methods
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