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Abstract: To solve the problem of high-efficiency optimization of highway self-consistent energy
system (SCES) by utilizing an improved simulated annealing genetic algorithm (SA-GA) with a
comprehensive consideration on the economic and environmental targets based on an energy-
efficient optimization strategy for SCES. Firstly, an objective function is established to consider
the energy efficiency from economic and environmental perspectives, taking into account the char-
acteristics of each power unit within the SCES in the highway service area. Secondly, constraints
corresponding to different types of systems are established based on the classification of SCES in
highway service areas. The simulated annealing algorithm is incorporated into the solution of the

objective function to avoid the defect that the genetic algorithm tends to fall into the local opti-
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mum. The improved SA-GA algorithm incorporates a cooling function, allowing for the accurate
identification of the global optimal solution. By leveraging the generation and load data of the SC-
ES in the highway service area in Xinjiang, China, along with considering the influence of new
energy vehicle charging stations in addition to the load from traditional service areas. Finally. the
test results show that the evaluation of various test functions demonstrates that the SA-GA algo-
rithm significantly improves both solution speed and stability. The SA-GA algorithm is employed
to compute energy efficiency optimization results for typical days in summer and winter, to obtain
an effective operation strategy for the service area. Simulation results demonstrate that the pro-
posed SA-GA algorithm improves optimization accuracy by 20. 33% in comparison to the genetic
algorithm.

Keywords: integration of energy and transportation; self-consistent energy system; high energy

efficiency; charging station; simulated annealing algorithm; genetic algorithm
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Fig. 1 Schematic of self-consistent energy system of expressway
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Table 3 Time-of-use electricity prices in Xinjiang, China
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Fig. 10 The output energy consumption curve of each power

unit in the grid-connected operation of SCES
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Table 5 Fitness results of different algorithms
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