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Dynamically Administered Critical Peak Pricing for Enhancing Price-responsive Loads using Consumer Portal
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Abstract-- In the last year’s conference, we described the functional requirements of and the R&D effort for consumer portals in Korea. Consumer portal is a core enabler for providing value-added services to end-use customers through two-way communication between consumers and suppliers. As a continuation to that work, this paper reports the recent progress made in the research and shows how to implement highly desirable innovative pricing for electricity using the consumer portals.
I.   Introduction
C
urrent electric power industry reforms have created risks and opportunities of unparalleled dimensions, and the introduction of competition has certainly resulted in significant progress in incorporating the best engineering and financial principles and practices by utilities as they become more aware of their increased risks and opportunities. On the opportunity side, the utilities could do much more than under traditional industry structure by exploiting the newly created markets for energy, reserve capacity, voltage support, frequency regulation and various other services, where prevailing time-varying (or real-time) prices reflect the value of electricity more accurately than traditional cost-based rates. On the risk side, they could no longer simply pass on the costs associated with uncertainty of their equipment, fuel, and capital to their customers.

Seen by the regulator, however, the above mentioned opportunities and risks are quite worrisome. Combined with peculiar characteristics of electricity as a tradable commodity, i.e. lack of practical means of storage and continual balancing requirement between generation and consumption in near real-time, they can mean, in short term highly volatile market prices commonly rising to unprecedented levels before the reforms, and in long term possibly underinvestment in generation and transmission facilities. This worry is probably why many electricity markets around the world remain under vigilant market surveillance by the regulator, rather than being self-reliant, and are equipped with such safety nets as price caps, installed capacity payments, vesting contracts, and/or, in an extreme case, Cost-Based Pool(CBP) market mechanisms.

Many researchers agree that price-responsive loads are essential for effectively dealing with price volatility and potential underinvestment problems, and are thus the cornerstone to implementing self-reliant (and well-functioning) electricity markets. Nevertheless, since the electricity consumption is mainly inelastic in nature, especially for small customers who do not plan ahead for using electricity, a careful design consideration is needed for crafting price-responsive loads.  This paper shows one approach to building the price-responsive loads by introducing incentivized entities who use consumer portals as simple demand controllers and dynamically administer critical peak pricing (CPP) to serve end-use customers.  

While the problem of price-responsive loads needs to be examined from regulatory, economic and technical aspects, much of the paper focuses on the mathematical formulation corresponding to the economic incentives and the practical measure to deal with it. 
II.   Background: Dynamically-Administered Critical Peak Pricing
To enhance price-responsive loads, we need to explore the ways to induce elasticity in the small users’ loads such as residential customers. Since small users’ loads are less responsive to the real-time market prices or the direct control by system operator, a good tariff system to reduce or shift loads becomes more essential.

  Uniform pricing is the simplest tariff system, having only one rate regardless of the time segments[1]. The users of this tariff do not have incentives to shift or reduce their loads when the market prices are high because the rate remains constant. Therefore, while simple it is not appropriate for inducing price-responsive loads. 
Time-Of-Use(TOU) is a little more advanced than uniform pricing in the sense of price-responsiveness. It has usually two different rates according to the time segments: peak and off-peak times[1]. Peak time is set as the time when the system load or/and the market price is rather high during the day(e.g. 11 a.m. to 4 p.m.), and off-peak time as the rest of the day. The rate on peak time is higher, and that on off-peak lower. Therefore, TOU encourages the users to shift their loads on peak time to off-peak time. However, it may not be very successful on the occasions of market price spikes when the loads are mostly needed to be reduced. 
Real-Time-Pricing(RTP) has the rates that correspond best to the market prices. The rates change in real-time in accordance with the market price[1]. Therefore, the RTP users are very likely to reduce loads when the real-time market price is very high. It can encourage the loads to be very responsive to the market prices. For small users like residential customers, however, it may not be very practical to follow the market prices and reduce or shift the loads in real-time when the rates are very high. 

Critical Peak Pricing(CPP) can be solution the problems with respect to TOU and RTP. On one hand, TOU is easier to implement while it is not very effective on price spike occasion, on the other hand, RTP could induce more price-responsiveness while it is less practical. CPP has basically the same rates as TOU. The difference is that the rates on peak and off-peak times are lower than TOU, and there are ‘critical peak times’ where the rate is much higher than that on peak time[1]. Critical peak times are applied for a very short period of time(e.g. 5 minutes) in spurts, and usually coincide with the times where the market prices are very high. There is a constraint on how many critical peak times can be called to CPP users within a certain period: usually 1 month. Another constraint applied is the minimum interval(e.g. 24 hours) between two different critical peak times, which means the next critical peak must wait for this minimum required time after a critical peak time. CPP users are given a right to choose whether to use electricity during this critical peak time and pay this high rate, or to shut off electricity for this short period of critical peak time. A special device called consumer portal can manage this option. The default is set to shut off electricity: if a CPP user wants electricity not to be cut during a certain period of time, they can input the time on consumer portal. Consumer portal has a memory to keep the time when the user does not want electricity turned off if a critical peak is called. When the critical peak is called and the signal reaches this consumer portal[2],[3], it will see if the time is set not to shut electricity of the customer off. If it is, then the device will ignore the critical peak signal and let electricity in. If it is not to block the critical peak signal, it will block the electricity only during the critical peak time.

The CPP’s practiced today are usually “statically administered” in the sense that the operator has to notify a critical peak event ahead of time. CPP users will be notified by a certain time the business day before the operator determines a critical peak event is to be called[4],[5]. Therefore, the operators have to decide in advance to call a critical peak event. In emergency situations which the operators have not expected, a critical peak event cannot be called and the operators must take all the risk of paying high market price. This would not induce the loads to be reduced or shifted at unexpected high price spikes.

Dynamically-administered critical peak pricing proposed[1] utilizes the consumer portal to make critical peak events happen in real-time at emergency situations. The operator does not have to notify the users in advance to call the events. When an operator calls a critical peak event in real-time, consumer portal receives the signal and shuts down electricity of the users right away, which will make the loads much more responsive to the real-time market prices from the whole system’s perspective.

To successfully implement this dynamically-administered critical peak pricing, consumer portal with a whole operating system needs to be designed properly. The details for this work will be shown in Chapter 4.

III.   Economic Perspective: Formulation 
There are three perspectives to consider when a critical peak pricing(CPP) program is to be planned: regulatory, economic, and technical perspectives. We will assume that dynamically-administered critical peak pricing is examined from the regulatory perspective. From the economic perspective, we will explore what the incentive of the CPP practitioner is, and how it is formulated mathematically. From the technical perspective, we need to work on how to maximize the incentive through the use of software and hardware[6]. In this paper, we focus on the concept of the hardware device: consumer portal and the related system in order to practice dynamically-administered critical peak pricing.

The designers and providers of CPP, energy service provider(ESP)s are defined as the companies that market electricity and related services, or an energy entity that provides service to a retail or end-use customer . Basically, they buy electricity from the markets or by contracts with companies related, and sell it to end-use customers expecting profit. They can either make bilateral contracts with GenCo(generation company)’s and TransCo(transmission company)’s, or make bids in a day-ahead or real-time market to buy the demand they need. To have the purchased electricity reach the end-use customers, ESP’s pay network charge to DisCo(distribution company)’s. The overall structure of this procedure from the perspective of an ESP is illustrated in Fig. 1.
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Fig. 1. Overview of the market structure on ESP’s perspective

The purpose of an ESP’s business is to make the maximum profit. The ESP will try to make profit also through critical peak pricing. Therefore, the incentive of critical peak pricing practitioner is the ESP’s profit through critical peak pricing.

 From the economic perspective, we establish an equation to estimate how profitable critical peak pricing will be to an ESP. Assuming that the billing period is one month(30 days), the total profit by CPP customers can be formulated as follows. The meanings of the variables defined and notations are shown in Table I.  
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TABLE I

Variables and Notations Used in the Profit Equation

	
[image: image4.wmf]k


	time on day-ahead market (unit: 1 hour)
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	time on real-time market (unit: 5 minutes)
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	index for a critical peak pricing customer (demand)
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	quantity an ESP bought from a market
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	quantity of electricity demand by customer 
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	revenue from customer 
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	1  if a critical peak signal called by ESP at time 
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0  otherwise
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	number of critical peak pricing customers
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	electricity price of day-ahead market
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	electricity price of real-time market 
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	price of critical peak pricing for critical peak times
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	price of critical peak pricing for non-critical-peak times
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	maximum number of critical peaks allowed
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	minimum interval allowed between two consecutive critical peaks (refraction period)


The following are the assumptions made for the profit equation.

1. The billing period is 1 month, or 30 days.

2. Every variable is defined within one period.

3. The real-time market is run by 5 minutes, and the day-ahead market by 1 hour.

4. The prices on non-critical peak times are paid by an hour, and the price on critical peak times by 5 minutes.

The objective is to maximize, or optimize the profit, which is expressed in (1). Critical peak pricing has constraints on the number of critical peak calls by ESP and the interval between two consecutive critical peaks. These make constraints of the optimization problem. Therefore, the problem can be formulated as follows:
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 are the values that are defined in or can be obtained from a contract between an ESP and customers. 
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 are prices that an ESP pays for electricity that she buys from a day-ahead and real-time market respectively.  
IV.   Consumer Portal
Supposing that ESP’s CPP signal of the optimal condition had been calculated and then has been transmitted to a customer, the customer receiving the CPP signal will exercise his rights as to reject or accept. When the signal is rejected he will pay the high critical peak rate according to the contract. Otherwise, the customer’s loads will be interrupted.       

First, to control each customer’s load by reflecting ESP’s CPP signal, each customer’s usage information of electric power has to be sent to ESP in appropriate interval and the ESP’s signal shall be delivered to the customers under the contract. Second, the contractor shall have a capability receiving the CPP signal and comparing and analyzing his own quantity consumed against the CPP condition, furthermore, when corresponding to the contract’s condition, he has to be able to control the loads according to the decision of choice whether accepting the signal or not.           

We suppose that the ESP’s CPP signal had already transmitted to customers under contract. Now Smart meter and load control program will be introduced, which are able to control loads according to decision for CPP signal compared to the amount used.    

For this the main functional characteristics which should be equipped into Smart Meter are:

1) metering the amount of electric power usage 

2) accumulating the electric power usage pattern

3) setting the circumstances of the required conditions (electric power usage value etc.)

4) controlling (Interruption and restoration) the target loads

5) communicating the metering data and the setting values with ESP’s server

To realize the functions above Test bed was constructed as in Fig. 2. and the specifications with functional explanation are detailed as follows:
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Fig. 2.  Test bed configuration for Demand Control
Switching Mode Power Supply(SMPS) which supplies main power to the Meter gets the source power from the input of 220 ~480 Vac and convert it to the output (to the main board of the meter) of 12 Vdc and 5 Vdc. MCB is Miniature Circuit Breaker. 
Main board which performs the main function of the meter, consists of five major parts of sensing, measuring, metering, storing and terminal unit. Sensing unit gets the required analog signals of current and voltage through current transformer and voltage transformer. Measuring unit converts the analog signals to the digital signals and gets instantaneous values and RMS(Root Means Square) values of voltage, current and frequency. Metering unit has two main parts: RAM and MCU(Main Control Unit) which play important roles in data access and calculation. Storing unit is dealing with load profile data and sending them to the other system (or ESP) according to the specified requirements.  Terminal unit has power source terminals connecting voltage and current source and control output terminals transmitting load control signals. 

Modem consists of a communication board with the media of RS232 in this time. RS485, optic and wireless communication media (RF or Zigbee) also can be applicable. 

Control center is for simulating some roles of ESP and also for the user interface module of smart meter in near future. On the control program of control center, the present states of communication between the meter and control center is monitored and the communication circumstances can be established. For demand control a specified usage value during demand period and an accumulative consumed value can be set so that the loads can be controlled with these target values instead of CPP signal at this moment. CPP signal activating algorithm will be added into this program in the very next stage of this work.

Fig. 3. Shows the prototype of Smart Meter whose main function is to measure current and voltage, meter electric power usage, store data calculated and generated, and to display and interrupt customers’ loads. Communication media between control center and smart meter is RS232(Fig. 4.). And the demand control program is loaded on control center so that the parameters setting for load control of smart meter is made on the program. The meter reading values also can be read on that by updating in 1 sec interval. Another feature of the program is a display of the load consumption pattern(Fig. 5.). 

[image: image32.png]



Fig. 3. The prototype of Smart Meter
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Fig. 4. Communication testing of the prototype
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Fig. 5. Demand control program
V.   Conclusion
This paper discusses economic perspective on dynamically-administered critical peak pricing(CPP) to enhance price-responsive loads. From the economic perspective, the incentive of a critical peak pricing will be the profit of an energy service provider(ESP). To implement the idea of dynamically-administered CPP, we showed the work in progress on a hardware called consumer portal and regarding load control system.  
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