Demand Response Products
Example of application of Demand Response initiatives in participant countries

USA: State-wide Pricing Pilot Programme in California

Introduction

Demand response (DR) refers to the reduction of customer energy usage at times of peak usage in order to help address system reliability, reflect market conditions and pricing, and support infrastructure optimization or deferral.  Demand response programs may include dynamic pricing/tariffs, price-responsive demand bidding, contractually obligated and voluntary curtailment, and direct load control/cycling.

The information on Demand Response products is collected to relating impacts of DR projects to those for energy savings. For this reason the information is organised as following. We start with general information on the DR project and relations with other DR initiatives (section 1 and 2). Then we present information to be related to energy savings calculations: input data, baseline definition and key parameters considered, and savings calculations (section 3-5). Next is information on changes in the load shape and benefits in sections 6-8. We end with sources and documentation.

1. Description of the DR initiative

The State-wide Pricing Pilot Programme (SPP) carried out 2003-2004 by The California Public Utilities Commission and the California Energy Commission under about 1,450 customers and a control group of 750 (see figure 1). This programme has been implemented by Southern California Edison (SCE), San Diego Gas and Electric (SDG&E) and PacificGas and Electric (PG&E).

This program holds 3 rate forms, additional to the existing rate:

1) An experimental rate (Time of USE; TOU), applicable state wide, holding a seasonal, different rate for fixed on-peak and off-peak time periods;

2) An experimental rate (Critical Peak Fixed; CPP-F),  applicable state wide, holding a time-of-use rate with an additional ‘critical peak’ price that can be dispatched during the peak-period for up to 15 times each year, with day ahead notice;

3) An experimental rate (Critical Peak Variable; CPP-V), applicable to the target population only, holding a Critical Peak Fixed rate with a critical peak price that can be dispatched during the peak-period for 2-5 hours, with 4 hour advance notice.

All three rate treatments were examined for residential customers. The CPP-F and TOU rates were implemented among a state wide sample of customers. The CPP-V rate was implemented only in the SDG&E service territory and the Information Only treatment in the PG&E service territory. CPP-V and TOU tariffs were also tested among commercial and industrial customers with demands below 200 kW in Southern California Edison’s service territory. The sample was segmented into two size strata, customers with demands below 20 kW (referred to here as the LT20 segment) and customers with demands between 20 and 200 kW (referred to as the GT20 segment).

Figure 1: Sample size of customers in the programme
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With the CPP rate, on most weekdays, a peak-period price was in effect between noon and 6 pm. On critical peak days, a significantly higher peak-period price was in effect for up to five hours, all of which fell within the noon to 6 pm time period. While the tariff allowed the critical peak period to be any length up to 5 hours, during the experiment, the critical peak period was either 2 or 5 hours long. Prices changed over the two summers during which the treatment was tested (2004 and 2005). 
Each pilot rate was designed to be revenue-neutral. The TOU rate had an off-peak price lower than the average price for the standard rate, offsetting the price increase for on-peak periods. The underlying TOU peak price was 2 to 3 times the off-peak rate, depending on the utility. TOU peak prices were approximately 70 percent higher than the standard flat rate.
CPP-F and CPP-V prices on average across all utilities were about 10 cents/kWh in off-peak hours, 20 cents/kWh in peak periods, and 60 cents/kWh during critical peak hours. The critical-peak price for CPP customers was between 5 and 10 times the off-peak price for the CPP rates, depending on the utility. Figure 2 holds an example of these prices for residential customers.
Figure 2: Example of residential critical peak price fixed (CPP-F)
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The average standard price for LT20 customers across the two summers was roughly $0.17/kWh and the average critical peak price was almost $1.00/kWh. For GT20 customers, the standard average price was $0.16/kWh and the critical peak price was roughly $0.60/kWh. Figure 32 holds an example of these prices for commercial customers.

Figure 3: Example or commercial critical peak price variable (CPPV)
[image: image3.emf]
Under the pilot the utility could call a critical peak event for up to 15 critical days of the year. The ordinary peak period for all residential tariffs ran from 2 pm to 7 pm on weekdays. The TOU peak periods were from 2 p.m. to 7 p.m. The critical peak periods for participants on the CPP-F rate were also from 2 p.m. to 7 p.m., on critical event days. Thus, for CPP-F customers, the critical peak period during any given critical peak day was fixed at the 5 hours between 2 and 7 p.m. By contrast, the utility could define the critical peak period for the CPP-V customers between 2 hours and 5 hours, during the 2 p.m. to 7 p.m. period on critical peak event days. 

The utilities notified CPP-F customers the day ahead of a critical peak event. They could notify CPP-V no later than the day of the critical peak event. The utility also signalled the PCTs of those customers with such devices at the beginning of the critical peak period. The utility could call up to 15 critical-peak events during the year (12 during the summer, and 3 during the winter).80 Between July 1, 2003 and September 30, 2004, program managers called 27 critical peak periods.
2. Related DR initiatives

Since this programme, the number of US States and utilities with dynamic pricing programs continue to grow. By the end of 2009 sixteen States and more then twenty utilities offered programs including critical peak pricing (CPP), real time pricing (RTP), and peak time rebate (PTR)/critical peak rebate (CPR) rate structures. Appendix 1 holds the overview, published by the Edison Foundation.
3. Input data

In the pricing pilot, the consumption data from customers is gathered through a software solution. With this software, the utility receives real-time energy consumption data. All customers targeted received a free advance digital electric meter designed to facilitate energy information and management. Website portals were established for enrolled customers through their utility websites to check their usage online, using a password-protected login.

Residential and commercial customers were given a free Honeywell programmable thermostat. Adjustments to thermostats were encouraged by providing tips on pre-cooling and presettings.

The impacts of the programs were analysed using two demand equations in a CES demand system. The demand models estimate the demand response impacts for each SPP tariff, as opposed to alternative methods, in part because they allow for estimation of the impact of prices other than those used in the pilot. In order to estimate the models four types of data were needed:

• Customer-specific load data
The primary load data for each customer consisted of 96 values for each day representing integrated demand at 15-minute intervals. For model estimation, the interval data were aggregated by rate period.

• Weather
Hourly temperature data were used to calculate cooling and heating degree hours by time period.

• Customer characteristics

• Electricity prices
4. Baseline definition and key parameters considered

Based on customer-provided survey information and hourly meter data, customers receive a monthly bill "Scorecard" with a personalized examination of the costs of air conditioning, lighting and other appliances during critical peak periods, and what can be saved by managing how those appliances are used. The current consumption can be considered as the baseline energy use.
5. Savings calculation

No overall reduction in energy consumption occurred on an annual basis within the CPP-F trial group.
6. Load shape impact

The load shape impact was estimated by the aggregation of all participant customers, but some difference could be observed between segments. 

Figure 4: Residential Critical Peak Impacts in 2003
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The average peak load reductions ranged from 12% to 40% of baseline peak usage for different customer types. Figure 4 illustrates the rage by rate treatment. The degree of reduction depended on the tariff rate, weather, customer appliance holdings, and availability and use of demand response controls:

· Average Residential peak period impacts held constant during multiple day peak pricing events usually associated with heat storms

· Small commercial customers (<20kW) reduced peak period demand on CPP days between 6% to 9%

· Medium commercial customers (>20kW but < 200kW) reduce peak period  demand on CPP days between 8% to 10%

· Observed peak load impacts persist across multiple consecutive CPP days and across two years of the experiment

Figure 5 shows the residential CPP response in 2003, using some of the consumers’ characteristics. Especially the high energy users and pool owners show over 15% peak reductions.
Figure 5: Residential peak reduction, 2003
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Figure 6 presents how the load impact is extrapolated to the global energy load shape for two different residential groups.
Figure 6: Residential response and the load curve
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7. Benefits to participants

Sending dynamic prices to residential customers led to average peak savings of 14% and bill savings of $60 per year. But about ¼ of the residential and commercial customers had a bill increase (see figure 7). The commercial customers, having a higher energy use than residential customers, on average had higher bill savings, up to over $ 2,000 per year (see figure 8)
George and Faruqui concluded follows. The numerous surveys and other studies that have been done in conjunction with the SPP, and especially the ongoing real world data concerning customer decisions to stay or leave the rates, provide a strong body of evidence that customers like time-varying rates once they experience them.
· “If asked ahead of time if they would choose a time varying rate, most customers say no;”

· “If placed on such a rate and asked to leave, most customers say no.”
Figure 7: Bill impacts, 2004
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Figure 8: Bill impact commercial participants in $
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8. Other benefits

The Pricing Impact Simulation Model (PRISM) Suite developed by the Edison Foundation http://www.edisonfoundation.net/iee/ourwork/Pages/databases.aspx
This database can be use to quantifying the benefits of dynamic pricing in the mass market. Its extends models are based on the 2003-2005 California State wide Pricing Pilot to estimate the change in consumption per customer resulting from dynamic pricing programs. The PRISM Suite allows the user to input a dynamic rate structure, load shapes, weather data, and CAC saturations, then estimates customer bill savings and as well as utility benefits such as capacity cost savings, energy cost savings, and transmission and distribution cost savings. The PRISM Suite is a powerful tool for evaluating the benefits of dynamic pricing programs to both the customer and the utility.
 
9. Sources and documentation
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Edison Foundation, Summary of IOU-Administered Residential Customer Dynamic Pricing Pilots & Programs by State, December 2009
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Edison Foundation, The Pricing Impact Simulation Model (PRISM) Suite Foundation http://www.edisonfoundation.net/iee/ourwork/Pages/databases.aspx
Faruqui, Ahmad and Sergici, Sanem, Household response to dynamic pricing of electricity. A survey of the experimental evidence, January 2009

http://www.science.smith.edu/~jcardell/Readings/uGrid/House%20DemandResp%20Experience.pdf
Brockway, Nancy, Presentation Can residential customers’ response to dynamic pricing? Kansa corporation commission workshop on energy efficiency, March 25, 2008 http://www.kcc.state.ks.us/energy_efficiency/brockway.ppt#1
Stephen S. George and Ahmad Faruqui, California’s State wide Pricing Pilot

Overview of Key Findings, MADRI Advanced Metering Infrastructure Workshop

May 4, 2005 http://sites.energetics.com/MADRI/pdfs/california_050405.pdf
Appendix: Summary of IOU-Administered Residential Customer Dynamic Pricing Pilots & Programs by State December 2009
	State 


	Utility Program 
	Details

	Alabama
	Alabama Power Co.*
	APCO instituted CPP as part of their SmartPOWER pilot in the Birmingham area for approximately 300 customers. They receive off-peak (3 cents), intermediate (6.2 cents), on-peak (13 cents), and critical peak (30.5 cents) rates during the summer period (June- September), and lower off-peak and intermediate rates the rest of the year. Off-peak rates apply on weekends and holidays

	California
	San Diego Gas &

Electric
	SDG&E currently offers a PTR rate that credits $0.75/kWh during critical peak periods for customers without enabling technologies and $1.25/kWh for those customers with enabling technologies. This rate is available for all residential and small business customers in their service area.

	
	Southern California

Edison


	As of September 2009, TOU and CPP rates are available to residential customers whether or not they have a “SmartConnect” meter. SCE also plans to offer a PTR rate to those customers that have a SmartConnect meter installed starting in 2010.

	
	Pacific Gas & Electric
	PG&E is currently operating a “SmartRate” program, which includes a CPP program (60 cents for peak times on “SmartDays,” applicable only May-October). The program is open to customers with installed smart meters and offers bill protection through a participant’s first summer.

A recent CPUC decision requires PG&E to make dynamic rates available to all customers. As an initial step, PG&E is required to offer optional TOU and CPP rates in 2010 and optional RTP rates in 2011 to its small and medium customers including residential customers.

	
	Statewide Pilot
	The state’s three IOUs conducted a state wide pricing pilot (SPP) with the cooperation of the CPUC and the California Energy Commission from July 2003 to December 2004. The three IOUs tested several dynamic rate options among 2,500 customers.

	Connecticut
	Connecticut Power &

Light
	CP&L recently completed a pilot under their “Plan-it Wise” program that included CPP and PTR rates for 1,500 customers. The results have been promising: residential customers under the CPP rate structure reduced their peak-time energy use by 23% when using controlling technology and 17% under the PTR rate structure when using the technology.

	District of Columbia
	Pepco
	Pepco was recently awarded $44M in SGIG funds to expand their smart meter pilot in Washington, DC, including dynamic pricing (details pending). Under the ongoing PowerCentsDC pilot which runs through Feb. 2010, 1,400 smart meters have been installed. Participants may choose between CPP or CPR rate options. 

	Florida
	Gulf Power
	Gulf Power has had a CPP program (Residential Service Variable Pricing) in effect since 2000, consisting of four pricing periods dependant on the time of day and the season (Low - 9 cents, Medium - 10.2 cents, High - 14.8 cents, and Critical - 35.7 cents). The critical periods are called one day prior for winter periods and by noon of the same day in summer. Critical periods may not exceed one percent of the total annual hours. There are approximately 9,000 customers enrolled in the program.

	
	Tampa Electric
	Tampa Electric’s Energy Planner is a CPP program that offers four pricing rates for electricity (Low - 8.9 cents, Medium - 9.5 cents, High - 17.8 cents and Critical - 51.9 cents). The Critical rate can become active at any time and cannot exceed 1.5 percent of the total hours in a year. The program pilot began with 250 customers and is being extended throughout the utility’s service territory. Participants are offered a programmable communicating thermostat (PCT) with the ability to control up to eight appliances. 

	Idaho
	Idaho Power
	“Energy Watch” is a CPP pilot program for customers in the Emmett Valley area. Critical days may be called between June 15 and August 15. Participants pay an off-peak rate of 6.3 cents/kWh and a critical peak rate of 20 cents/kWh.

	Illinois
	Commonwealth Edison
	Commonwealth Edison’s recently approved AMI Assessment & Customer Applications Plan will include several rates and enabling technologies for residential customers including: a CPP rate (1,600 customers), a PTR rate (1,400 customers), a day-ahead RTP rate, an increasing block rate (IBR), and a TOU rate. 

In 2007, ComEd transitioned the Community Energy Cooperative (CEC) pilot (2003-06) into a territory-wide RTP program. Participants are notified via phone or email one day prior to days when rates are expected to exceed 14 cents/kWh. Customers can track prices and find other information on www.thewattspot.com.

	
	Ameren
	Ameren has set a goal of enrolling 20,000 customers in their Power Smart Pricing program throughout their three Illinois service territories by 2010 and the rates are open to all residential Ameren customers. Approximately 6,000 have signed up, to date. Prices are listed on Ameren’s web site, on www.powersmartpricing.org, or available through a toll-free number. Peak rates can range from 12 cents/kWh to 30 cents/kWh depending on the season.

	Kentucky
	Louisville Gas &

Electric
	LG&E initiated a dynamic pricing pilot in 2007 in parallel with their smart meter deployment. The Responsive Pricing program includes CPP and TOU rates and 150 LG&E customers had signed up to the program as of September 2009. There are four tiers of rates: low, medium, high and critical, with the critical rates ranging between $.29-$.31/kWh in 2008.

	Maryland
	Baltimore Gas &

Electric
	BGE was awarded SGIG funds to deploy 1.1 million smart meters and a residential “Smart Meter Pricing” program that will include a peak time rebate (PTR) for residential customers. In 2008-2009, BGE conducted a dynamic rate pilot with 1,000 residential customers over two consecutive summers that included dynamic peak pricing (i.e., a CPP rate) and two different peak time rebates. The Maryland PSC is holding hearings in November. If approved, all residential customers with a smart meter may participate in the PTR rate. 

	Michigan
	Detroit Edison Co
	DTE plans to deploy dynamic pricing pilots in the summer of 2010 as a complement to their AMI rollout. Approval is pending; the utility was recently awarded SGIG funding for their SmartCurrents program, which includes a proposal to deploy dynamic pricing to 5,000 customers.

	Mississippi
	Mississippi Power

Company
	Mississippi Power plans to initiate a CPP pilot for 100 customers that will receive a two-way, programmable thermostat which will inform them of critical-peak events. The exact rate structure has not yet been released

	New Jersey
	Public Service

Electric & Gas
	PSEG piloted “myPower Sense” and “myPower Connection,” two TOU/CPP pilot programs in 2006-07, to 379 participants and 319 participants, respectively, to examine customer response to price signals and technology. Customers in the “myPower Connection” program received a programmable communicating thermostat to automate their response to price signals.

	Oregon
	Portland General

Electric
	PGE has been approved for a CPP pilot from November 2010 to October 2012 which allows for ten critical peak days in each six month season. PGE is making this rate structure available to all customers with a smart meter and will notify participants on the day prior to each event. Rates vary from 5.6 cents (off-peak) to 7.1 cents (on-peak) and 33.5 cents for critical peak periods. Off-peak rates apply on Sundays and holidays.

	Oklahoma
	Oklahoma Gas &

Electric
	OG&E will include variable peak pricing (VPP - a variant of CPP) for 42,000 participants in its “SmartPower” pilot in Norman, OK. This optional rate plan has four rate tiers: Low (4.5 cents), Standard (11.1 cents), High (23 cents) and Critical (46 cents - events are announced the day prior). The rate includes a “best bill” provision under which the customer will be credited any amount charged through the VPP that exceeds what the customer would have paid under the traditional rate after one year.

	Pennsylvania
	Allegheny Power
	Allegheny Power’s recently approved energy efficiency and conservation plan includes TOU and CPP rate structures for residential customers beginning in 2011. Certain customers will receive a programmable, communicating thermostat capable of receiving price signals from the utility. The customer can reduce energy use voluntarily or choose an automated setting where the thermostat reduces the energy use of the HVAC system.

	Wisconsin
	Wisconsin Electric

Power Company
	Wisconsin Electric Power has both CPP and PTR pilots for residential customers. Both pilots will be run through May 2012. The CPP program is available to residential customers that have a meter with automated reading capability and the critical peak rate is 88 cents per kWh (applicable only from 2-6 PM on weekdays). Customers on the PTR pilot will receive a rebate for shifting load of 47 cents per kWh during peak events. Participants in both pilots will receive notifications of peak events the day prior.

	
	Wisconsin Public

Service Corp.
	WPSC’s “Response Rewards” program is a CPP program that offers three pricing levels: an on-peak rate of 19.5 cents/kWh, an off-peak rate of 7.1 cents/kWh, and a critical-peak rate that varies. Critical-peak times are limited to a maximum of 150 hours per year. Customers are notified of critical peak hours at least 30 minutes prior.


Source: http://www.edisonfoundation.net/IEE/Pages/IEEHome.aspx
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