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Modeling and Optimization of Material Supply in the Power Grid Considering
Capacity Reservation Contracts with Uncertain Demand
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Abstract: Comprehensively exploring resources from the existing warehouse network and contractual suppliers to achieve
mutual complementarity and collaboration, coordinated inventory and allocation, is a challenge faced by power grid
enterprises to reduce cost and increase efficiency in supply chain management, where the selection of optimization models is
critical. From the perspective of integrated management, this paper considers demand uncertainty based on current material
supply modes in the power grid. It proposes robust optimization models for two types of material supplies based on a
deterministic model. A solution algorithm based on the Bender decomposition method is designed to solve the above
models. Using data collected from a State Grid case, experiments are designed to analyze the performance of the models and
the algorithm. Additionally, the impacts of changes in the penalty cost parameter of unmet demand deviation and the budget
uncertainty parameter on total cost are explored under different material supply modes. Results show that 1) the Bender
decomposition algorithm in this paper is more efficient in solving large-scale problems. 2) The deterministic model based on
expected demand has the lowest total cost but is less effective in addressing uncertain demand risks compared to the two
robust models: the robust model based on stochastic scenarios can balance the total cost and the penalty cost of unmet
demand deviation, while the robust model based on budget uncertainty can control demand uncertainty within a specific
range. 3) Material supply modes considering physical inventory prioritization for allocation and distribution offer better total
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cost control. 4) The robust model based on budget uncertain sets possesses a good demand satisfaction capability but reveals

a greater cost; the robust model based on stochastic scenarios is better than that based on budget uncertain sets in terms of

cost, but may cause some unmet demand.
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Table 1 Main parameter settings for warehouses

GG /7% /oG 119/4‘ ki A
#1 25.0 1.20 190 200
# 24.8 1.20 120 150
#3 24.8 1.19 115 150
#4 25.0 1.20 100 150
#5 24.9 1.19 120 150
#6 24.8 118 118 150
#7 24.9 1.19 113 150
#8 24.7 1.17 90 150
#9 24.7 1.18 106 150
#10 25.0 1.20 80 150
#11 24.8 1.19 97 150
#12 24.8 118 117 150
#13 25.0 1.19 122 150
#14 24.9 1.19 75 150
#15 24.5 1.15 53 80
#16 24.5 115 49 80
#17 24.5 1.15 26 80
#18 24.4 115 59 80
#19 24.5 1.15 61 80
#0 24.4 115 66 80
#1 24.4 1.15 56 80
#22 24.6 1.16 42 80
#23 24.6 1.16 47 80
#24 24.5 1.16 35 80
#25 24.5 1.15 52 80
#26 24.5 115 57 80
#7 24.4 1.15 48 80

R2 HUEFHREAEIESHRERE

Table2 Main parameter settings for suppliers with capacity
reservation contracts

(I TRE @;/Jt ai/7e le/ﬁ‘ mil
#1 2000 21 100 1500
# 1800 21 100 1500
#3 1600 21 100 1500
#4 2000 21 100 1500
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Table 3 Optimal solutions and computational time of

models and algorithms
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Figure 1 Effect of the penalty parameter on total cost
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Figure 2 Effect of the budget coefficient on total cost
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