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Overview

Time-of-Use (TOU) electricity price plans have higher energy prices during on-peak hours and lower energy prices during off-peak hours. TOU plans can reflect the differences in cost of providing electricity, including capacity cost, at different time of the day.  The aims of TOU plans are two folds: 1) to help utility companies manage system load shape through reducing peak load; 2) to enable customers to save on their electricity bills. There has been abundant literature evaluating the effects of TOU programs in the residential sector. However, there are only a few studies that evaluate TOU programs in the commercial sector.
SRP, a major utility company in the Phoenix metropolitan area, has implemented two successful residential TOU price plans (E-26 and EZ3). Residential customers have shown statistically significant response to TOU price plans by reducing their demand during peak hours. Business TOU plan, in addition to residential TOU plans, can make load shape management more effective. Starting in 2012, SRP has started an experimental TOU plan for business customers, the E-33 price plan (marketed as Business EZ-3). The purpose of this study is to assess the impact of E-33 plan on the summer energy usage of business customers and to determine if business customers are able to effectively respond to a TOU plan. This study primarily looks at summer energy usage because SRP is located in the Phoenix metropolitan area of Arizona, where summer load is much higher than winter load because of large cooling need during the summer while very little need for heating in the winter.  
The paper is organized as follows: After the introduction the second section gives a brief overview about the business TOU program and study design. The third section discusses the methodology. In section four we describe the data and provide descriptive statistics. Section five discusses the results. The final section concludes.
Methods

Matching method – nearest neighbor matching; difference-in-differences (DID) estimation; panel regression.
In an DID analysis, the effect of the TOU plans is defined as
EDID=(Tpost-Tpre)-(Cpost-Cpre)      ,
where EDID is the impact of the TOU plans; Tpost is the energy usage of the treatment group customers after they switched to the TOU plans;  Tpre is the energy usage of the treatment group customers before they switched to the TOU plans; Cpost is the energy usage of the control group customers after the treatment group switched to the TOU plans;  Cpre is the energy usage of the control group customers before the treatment group switched to the TOU plans. The control group is selected from the E-36 customers. E-36 is the standard business price plan. 
The panel regression models are as below. 
ln(D4-7/D1-4)it= β*ln(Price_ratio)it+γ*ln(kWh)it+ αi+εt+τit                   ,

ln(D4-7/D8-4)it= β*ln(Price_ratio)it+γ*ln(kWh)it+ αi+εt+τit                                ,
where subscript i indicates individual customer; subscript t indicates time, which in our case has two time periods, pre-test and post-test periods; Price_ratioit is the on-peak/off-peak price ratio; kWhit  is the average daily kWh, which can serve as a control variable for any unobserved heterogeneity of business customers; αi is the entity fixed effects; εt is the time fixed effects.  β ,the coefficient for ln(price_ratio) is the price elasticity of substitution between energy use in on-peak and off-peak hours. 

Results

From difference-in-differences analysis, we find a statistically significant shift in demand from on-peak hours to off-peak hours during business hours in response to the TOU pricing. In particular, based on two sample nonparametric tests, TOU business customers dropped 1.7% ~13.8% in their relative on-peak demand. Based on constant elasticity of substitution (CES) model, relative on-peak demand will decrease by 0.3~0.9% if the on-peak/off-peak price ratio increases by 10%. We also explore the heterogeneity among customers with different industry types and energy usage levels. In addition, the study found no conservation effects of TOU plans, which indicates that customers mainly shift their on-peak demand to off-peak hours without reducing the total level of consumption.
Conclusions

This study found a statistically significant shift in demand from on-peak hours to off-peak hours during business hours in response to the TOU pricing. This study has provided very promising results to help SRP design and implement TOU pricing strategies that can dramatically change/improve SRP’s system load profile. As of 2013, Business customers’ electricity consumption (kWh) is around 35% of SRP’s total kWh, while the number of accounts of business customers is only about 8.5%. This indicates that the potential of each individual customer’s response could be larger than SRP’s average customer. Even though the percentage response of business TOU customers found in this study is lower than residential TOU customers (1/3~1/2 of the residential customers’ response), the base of energy demand and usage of an average business customer is larger (on average about 5 times larger than residential customers during peak hours), indicating that absolute magnitude of the response from a typical business TOU customer would be larger than a residential TOU customer.  
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