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Abstract: To solve the problems of significant peak load variations and power supply shortages within smart grid
systems, this paper proposes an incentive scheme for peak and off-peak time-of-use (TOU) pricing based on
differential privacy. The scheme integrates differential privacy with the peak-valley TOU model, optimizing
pricing strategies while safeguarding user data privacy. Differentiated pricing schemes are implemented to
influence users’ behavior of electricity consumption, encouraging off-peak consumption habits and achieving a
balanced power load across the system. Experimental analysis assesses the data utility following the introduction
of differential privacy, evaluating the operation effectiveness of the proposed mechanism. Results show that this
scheme successfully achieves load balancing throughout the whole power network while protecting user data
privacy.
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Fig. 1 Daily electricity load curve of a region in east China (summer)
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Table 2 Tariff elasticity factors of customer electricity pricing

12 b B it B W Fsf B 3 e i B
11 25 Fif Bt -0.15 0.03 0.06 0.04
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Table 3 Peak and valley time division method
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Fig.2 Peak-to-valley tariff model solving process
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Fig.3 Daily electricity load curves for different values of &
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Table 4 Optimal time-of-use tariff under the peak-valley tariff model Y /(kW-h)

145 H R4y L fir g g WAL £ IRV HL f A RWEHLH B
JE s B 0.160 0.584 0.361 0.632 0.673
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Table 5 Comparison of mechanism utility evaluation indicators (¢=0.9)
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