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Overview
The purpose of this paper is to present a novel electricity pricing scheme which provides incentives for customers to flatten their daily load profiles. We will refer to it as the Minimax scheme. This scheme is characterized by an optimized energy usage threshold above or below which differentiated rates will be applied. The goal of such a scheme is to induce flatter energy usage profiles with appropriate choice of the threshold value and these differentiated rates. We discuss how peak energy usage and load factor vary with different choices of these parameters. In addition, we discuss how schedulable loads can be rescheduled under our new pricing scheme to yield minimum electricity bill. Specifically, we discuss  provably optimal scheduling policies under our new pricing scheme, and their sensitivity to the model parameters. We compare our approach to the Time-of-use pricing (TOU) schemeand discuss the benefitis of Minimax over the TOU scheme using some real life energy usage data. . 

Methods
We use a mixed integer linear approach (MILP) to formulate the optimal load scheduling problem. Given a load profile which consists of base load and scheduable load consumptions, our optimal load scheduling framework produces an optimal schedule which minimizes energy bill depending on whether TOU or Minimax pricing scheme is used. TOU is a pricing scheme in which the price charged for electricity is a function of the time the energy is purchased e.g. the rate applied at 10 am may be different from the one applied at 6 pm. Two or three rates are usually applied: peak rate (applied during peak hours), mid-peak rate (during mid-peak hours) and off-peak rate (during off-peak hours).

Two performance metrics are used to compare the two pricing schemes, namely (i) load factor which is defined as the ratio of average demand over maximum demand, and (ii) the energy bill. A better pricing scheme is one which yields a high load factor and lower energy bill. A high load factor means that the resulting energy usage profile after scheduling is relatively smooth. A reduced energy bill means savings for consumers. 

To demonstrate the effectiveness of our optimal load scheduling problem and our new pricing scheme, we use real energy usage dataset which is released by UMASS researchers [1],[2] as well as from a Lehigh University residential building. The load profile model we used consists of a superposition of a base load profile and a schedulable load profile. The base load profile is made of non-deferrable power requests while the schedulable load profile is composed of shiftable power requests. Such schedulable loads may be caused by the turning on of some household appliances such as washers and dryers. We feed the same load profile to two MILPs: one for the TOU scheme, and one for the Minimax scheme. Each MILP solves the optimal scheduling problem which yields the minimum energy bill based on a particular pricing scheme. It behaves like an optimal load scheduler which tries to find an optimal way of dispatching the schedulable loads on top of a fixed base load profile so as to produce the minimum daily energy bill for a consumer given a specific pricing scheme. In our optimal load scheduler formulation, we take into considerations the schedulable load duration, continuity of service etc. Such characeteristics are added as appropriate constraints to our optimization problem. For example, the decision to whether schedule a particular appliance in time t or not has to be non-ambiguous, hence a binary scheduling matrix. Each schedulable load can only be scheduled all at once, it cannot be split up and scheduled at two different time slots. Our formulation obtains a provable optimal solution without resorting to brute-force scheduling.  
We compare the two performance metrics obtained using both the Minimax and TOU pricing schemes. Our preliminary results are based on real energy usage data from 100 homes [1] [2]. The demand profile considered here has an average of 285.55 kW, a standard deviation of 16.53 and a load factor of 85.89%. We added  one hundred deferrable power requests  ranging from 1 to 5 kW each to this base load profile. The schedulable loads correspond to energy usages such as washer, dryer, dishwasher etc. 

Results

Our preliminary results show that using the Minimax scheme, the load factor improves from 0.85 to 0.95 while it decreases to 0.48 when the TOU scheme is used using a certain set of parameters. Furthermore, the maximum energy usage using the Minimax scheme is only about 51% of that incurred using the TOU scheme. From a Load Serving Entity (LSE)’s standpoint, an increased load factor and reduced peak demand are equivalent, in the long run, to less commitment in the capacity market. In addition, the energy bill using the Minimax  scheme is 7% lower than that using the TOU scheme. 
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Fig 1: Base Load and Schedulable Load Profile Used in Study              Fig 2: Optimal Scheduled Load for the Two Schemes
Conclusions

Our proposed Minimax pricing scheme has much potential for electricity peak demand management. In addition to improving the load factor and  reducing the peak demand, it lowers the consumers daily bill, providing enough incentive for  consumers to adopt it. Contrary to the Time-of-use pricing scheme which shifts schedulable loads to off-peak hours and creates other peak hours, the Minimax scheme encourages an even distribution of loads. We will continue to explore the sensitivity of our chosen parameters using other datasets. .
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