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Integrated planning of data centers and distribution networks under the computing-electricity joint
market: a multi-objective interval-stochastic optimization approach
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Power University), Beijing 102206, China)

Abstract: To address the challenges in the collaborative planning of data centers into the low-carbon distribution
networks under the computing-electricity joint market, this paper proposes a multi-objective interval-stochastic
optimization approach. By introducing a computing power leasing mechanism, the method optimizes resource utilization
efficiency and economic benefits while reducing operational costs and carbon emissions. To tackle the multi-objective
optimization and high-dimensional uncertainty issues in the collaborative planning process, an adaptive constraint-
handling interval multi-objective evolutionary algorithm based on decomposition with two crossover strategies
(ACIMOEA/D-TCS) is designed. This algorithm efficiently solves the Pareto frontier and provides robust and feasible
optimization solutions. The results show that the participation of data centers in the computing power market significantly
improves resource utilization efficiency and economic benefits, while also effectively reducing carbon emissions.
Through the optimization of computing power resource leasing and distribution system operation, the proposed model
achieves significant improvements in both economic and environmental benefits, providing new theoretical methods and
solutions for collaborative planning in the computing-electricity joint market.
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Fig. 1 System architecture
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Table 2 System benefits under different scenarios

A TT TG BAT A/ CVaR/Ji 7t SRR/ ey
lﬁ% o cost-C’ e-C’ T ﬂ@
MR EER RS RAHL KWL OBR it cemevR ceev S Gl
(1645.35, (3279.49, (436.13, (2507.07, (0.345,
I 86.50 33.10 512.30 1120  245.50 105.32
2460.04) 4008.27) 533.04) 3321.55) 0.415)
(1465.52, (3069.11, (377.09, (2298.81, (0.303,
i 65.30 33.40 512.30 1120 23890 102.49
2190.56) 3751.13) 460.88) 3024.37) 0.367)
(1320.44, (2503.22, (340.84, (1855.72, (0.242,
I 39.50 10.30 276.80 6.90 219.80 94.29
1980.50) 3059.50) 416.60) 2510.13) 0.295)
(270.96, (1960.72, (308.26, (1561.13, (0.221,
v 71.59 9.01 1150.80 9.51  455.68 195.29
676.11) 2448.81) 357.53) 2288.00) 0.266)
=3 FRZETHMARIER
Table 3 Optimal planning outcomes across diverse scenarios
S i FEL 2R I (77 1 311 20 R4/ 6 CT 8D KM/ & FARKW A&
3
47 1 KA A3 T40 Genl0 R940 (11 ) (11 ) (17 7))
6-7/7-8/8-9/
500(5),500(15)  500(5),500(15)  153(5),158(15)  6(5),5(15),  568(5),566(15),  3(5).4(15),
1 12-13/23-24/ 3-4/4-5/5-6 1-2/2-3
500(24),500(27)  500(24),500(27) 157(24),158(27)  5(24),6(27)  483(24),556(27)  4(24),4(27)
26-27/27-28
6-7/7-8/8-9/ 500(5),500(15)  500(5),500(15)  153(5),158(15)  5(5).5(15),  572(5).435(15),  3(5).4(15),
i 3-4/4-5/5-6 1-2/2-3
22-23/25-26 500(24),500(27)  500(24),500(27) 157(24),158(27)  6(24),5(27)  450(24),450(27)  4(24),4(27)
500(5),500(15)  320(5),310(15) 3(5),5(15), 535(5),325(15),  2(5).2(15),
M 4-5/5-6/6-7  2-3/3-4 1-2 15(27)
500(24),500(27)  310(24),500(27) 424),527)  445(24),42427)  2(24).3(27)
» 1-2/2-3/ 500(5),500(15)  434(5),450(15)  205(5),280(15)  10(5),10(15),  1000(5),1000(15), 3(5),4(15),
v 5-6/6-7 —
2-3/3-4 500(24),500(27) 470(24),472(27) 280(24),223(27) 10(24),10(27) 1000(24),100027) 4(24),3(27)
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Table 4 Comparison based on different uncertain optimization approaches
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Table 5 Comparison of system performances with different solution algorithms
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Fig. 12 Comparison of system operation performances
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