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Overview

In China, the residential sector takes a large share of electricity consumption,more than 10% in the overall NBS, 2016()
. With rapid urbanization and general increase in household income, it is expected that electricity demand from the residential sector will keep growing 
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(Auffhammer and Wolfram, 2014; Hu et al., 2014)
. Thus, fostering electricity conservation among Chinese households is crucial given China’s goals of energy efficiency improvement and carbon dioxide mitigation.
 As reflected in the classical demand-supply model, one of the key approaches to modify electricity consumption from the demand side relates to pricing. People could modify their power use when facing well-designed price signals. 

While tiered pricing has been implemented in the majority parts of China, the feasibility of various time-varying pricing schemes are stilled to be explored. Theoretically, time-varying pricing schemes have two obvious economic advantages compared to the traditional uniform price schemes. First, by raising the price during peak periods and lowering it during off-peak periods, time-varying schemes could simultaneously depress peak consumption and raise off-peak consumption, balancing daily electricity demand. Second, in quite a few occasions, electricity uses are not flexible enough to be re-arranged from peak to off-peak periods. Thus, when electricity use is limited by the high price during peak periods, that also helps reduce overall electricity use.
Along with electricity market reform, as well as the expansion of smart grid, real-time pricing (RTP) becomes an increasingly feasible option for China. This work provides an empirical evaluation of RTP’s  impacts on Chinese households’ electricity uses, with the inputs of electricity use dairy and demand response probability collected from a field survey.
Methods

We first conducted a field survey about Chinese households’ electricity use, which specifically acquiring households’ demographic information, their 24-hour time-use diary, their electrical appliances ownership, and their potential demand response to electricity price changes. With the inputs from the survey, we adopt the electricity demand model collectively developed by Richardson, Thomson, Infield, and Clifford (2010), and use it to simulate Chinese households’ electricity use adjustment under the RTP policy. The model includes two functional modules: simulation of daily electricity demand given the current constant price scheme and simulation of households’ responses to dynamic price signals under the RTP policy.

Simulation of households’ electricity demand. The agent in the model is a typical household that possesses common electrical appliances and can autonomously decide its use. The household’s electricity use pattern depends on the activities of its occupants and their associated use of electrical appliances. The demand profiles of all appliances are aggregated to generate the typical households’ demand profile of electricity during a day; and the demand profiles of all households are further aggregated to simulate the electricity load profile of the residential community.
Demand response simulation. Based on the simulated electricity demand profile, we further discuss how a typical household would respond to the RTP policy, under four demand response scenarios. In scenario 1, all households are assumed to adjust their electricity use once the price increase exceeds their tolerance, and the adjustment is proportional to that price change. In scenario 2, individual households are assumed to have heterogeneous tolerance to price changes. But once the price increase exceeds their average tolerance, the households would adjust all their electricity use behaviors in the same way. In this scenario, activity-specific tolerance for price increases is not considered. Scenario 3 inherits all the features of Scenario 2, and further allows the flexibility that a typical household uses different strategies in adjusting their electricity uses given the same price increase. Scenario 4 further develops Scenario 3 by adding a new condition for households’ electricity use adjustment, which is that the monthly electricity bill increase under the RTP policy exceeds their tolerance as reported in the survey.
Results
Overall, our simulation adequately resembles the peak-valley pattern of electricity use among Chinese households. As indicated in Figure 4, electricity use stabilizes at a quite low level during the late night, i.e. from 12 a.m. to 7 a.m. Then, it reaches the first peak around 7 a.m., when household occupants get up and start their morning activities, and the second peak around 12 p.m., when the occupants prepare their lunch. Electricity load use between the first two peaks, as well as that during the three hours after the second peak, is relatively low. Starting from 5 p.m., domestic evening activities become increasingly intensive, and accordingly, electricity use keeps an increasing pattern after 5 p.m. and reaches its third and the highest peak around 9 p.m. As a check of the performance of the model, we compare the simulated electricity load use with the observation, and find they fit quite well. At the community level, we compare the simulated load profile in the typical day with the daily electricity load use observation averaged over the sampling month. They are 5,813 kWh and 5,652 kWh, respectively, resulting in a simulation error of less than 3%.
As households’ first response to the RTP policy, electricity use is quite balanced on the 2nd day, and accordingly, it price slightly increases by 7% during the first peak (around 7:00), but significantly increases during the second (around 12:00) and third (around 21:00) peak periods, respectively by 36% and 97%. However, over night, electricity price is sharply reduced, by more than half of the original uniform price. When real time electricity price adjusts to an equilibrium status, the price fluctuate around the original uniform price, and electricity load is quite flat at the equilibrium.

RTP also has the potential to reduce total electricity consumption. In the most realistic scenario, when some households stick to their original use patterns if electricity bill increase is kept within a certain range, electricity demand reduced by 1%. However, quite few households that can save electricity expense from adopting the RTP policy, only 3% in the most realistic scenario. 
Conclusions

RTP has the potential to alter household’s electricity consumption patterns, and shift residential use from peak to off-peak periods. It is conducive to electricity saving as well. With the development of smart grid, RTP is recommended to be adopted in residential sector. However, household’s demand response determines the effect of its impacts on residential electricity consumption. The largest peak load shifting may reach 90% when all households proportionally adjust their electricity use against price changes, but the influence may reduce to 5% when more realistic factors are incorporated into the model. 
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