	Price Elasticity of Demand for Electricity


Introduction

Given the large rate increases expected from Bonneville, and the resulting retail rate increase required by utilities in the region, the issue of consumer response to rates has become a growing issue to WPAG members.  This paper provides information on that customer response or “elasticity” associated with retail rate increases.

Theoretical Basis for Price Elasticity

Price provides a strong motivation to consumers.  Rates that a customer pays for electricity are a factor in determining consumption of that commodity.  While rate-making objectives remain the same, rate design options continue to evolve.  Some rate design options induce customers to shift or to conserve electricity, while others promote increased consumption.  Future volatility of the price of electricity warrants consideration of the effects of changes in electricity prices on demand.  This rate at which customers respond to price changes is the price elasticity.

The price elasticity of demand is the percentage change in the demand for the product (in this case electricity) caused by a 1 percent change in its price.  If the price elasticity were equal to –1, a 1 percent increase in price would decrease demand by 1 percent.  If the price elasticity were between 0 and –1, a 1 percent increase in price would cause less than 1 percent decrease in demand.  In this case, demand is inelastic.  Demand is elastic if the price elasticity is greater than –1.  In this case a 1 percent increase in price will decrease demand by more than 1 percent.

Price elasticities of demand vary substantially in the short-run versus the long-run.  Short-run elasticities account for immediate changes in customer’s behavior.  For example, using air-conditioners less often or being more careful about leaving lights on is a short term response.  Long-run elasticities reflect changes to underlying habits or to the stock of electric devices.  For example, purchasing a natural gas powered clothes dryer to replace an electric one is a long term response.  Because of this relationship between elasticity and a customer’s ability to substitute other goods, long-run elasticities are generally greater in absolute value than short-run elasticities.  In the long–run, customers have a greater incentive to invest in substitute goods (such as other fuels or low-energy devices) that may not be available in the short-run.

Similarly, the price elasticity of demand may not be constant for varying magnitudes of change in price.  Small changes in price will likely cause only minor adjustments to customer behavior, similar to short-run elasticity changes described above.  Large changes in price will merit changes to underlying habits and stocks of electric devices, similar to long-term elasticities previously described.  Thus, estimates of price elasticity depend on both the timeframe and the magnitude of the change in price.  General price elasticities (such as those given below) are an average.  These averages may then be used to estimate elasticities under different conditions.

Historic Estimates of Price Elasticities

For years researchers in the energy sector have attempted to estimate the price elasticity of demand for electricity.  As methods of estimation have improved and data have become available, the confidence with which these estimates are given has increased.  Further, the recent volatility of electricity prices has allowed researchers to gain insight into elasticity of demand in response to fairly substantial changes in price.  As technology changes, the price elasticity of demand may also change.  Fortunately, the estimates of this elasticity over time form a generally accepted range that are expected to continue into the future.  For example, estimates of the short-run price elasticities of demand by class fall within ranges as shown below in Table 1.

	Table 1
Estimates of Short-Run Price Elasticity of Demand by Class

	Year
Developed
	Residential
	Commercial
	Industrial
	Total
System

	1970
	-0.135
	-0.176
	-0.306
	-0.16

	1975
	-0.357
	-0.347
	-0.417
	-0.42

	1980
	-0.251
	-0.361
	-0.523
	-0.30

	1985
	-0.352
	-0.422
	-0.598
	-0.39

	1990
	-0.414
	-0.414
	-0.56
	-0.43

	Range
	-0.13 to –0.45
	-0.17 to –0.42
	-0.30 to –0.59
	-0.16 to –0.43


Current Estimates

Changes in technology, the stock of appliance and demographics may cause some recent elasticities to differ from the historical estimates and differ between utilities or regions.  Additionally, estimates may differ by method and by data used.  Again, these various estimates can be taken together as a range within which the true elasticity will fall.  

Current price elasticity for the Northwest was calculated by utility based on data from 1995 through present.  The data used for estimation was taken from several sources as listed below.

Customer data—monthly rates and consumption of energy were provided by individual utilities participating in the study for 1995 through present.  Consumer Price Indices for Portland and Seattle, provided by the Municipal Research and Services Center, were used to adjust rates for inflation.  Table 2 provides the rate changes by utility.  

	Table 2
Rate Changes

	Utility
	Rate Change

	Clark Public Utilities
	
December 1999 and January 2001

	Grays Harbor PUD
	
January 2001

	Mason County PUD No. 1
	
August 1999 and May 2001

	Mason County PUD No. 3
	
August 1999 and May 2001

	Snohomish County PUD
	
April 1999 and January 2001


Weather data—monthly values for mean temperature, heating-degree days, and cooling-degree days by weather station (city) were provided by the National Oceanic and Atmospheric Administration.  Data taken from the largest city within each county were assumed to be representative of that county as a whole.

Income data—per-capita personal income data by county were provided by the Bureau of Economic Analysis.  Annual figures were linearly detrended into monthly values.

Employment data—monthly unemployment rates by county were provided by the Washington State Employment Security Department, Labor Market and Economic Analysis Branch.

Other data—monthly dummy variables (December omitted) and an annual time trend variable were also created and incorporated into the models.  

The estimates of the price elasticity of demand given below in Table 3 are the recent estimates for WPAG members and averages for other Pacific Northwest utilities taken from a variety of sources.  Average elasticity in both the short-run and the long-run are given as well as a general “range” capturing differences in modeling and data of various estimates.  In Table 3,  “short-run” generally refers to changes less than one year in duration, whereas “long-run” refers to changes greater than ten years in duration.  

	Table 3
Current Estimated Price Elasticities of Demand for Electricity by Class

	Class
	Short-Run
	Long-Run

	Residential
	
	

	
Clark Public Utilities
	–0.30 to –0.38
	N/A

	
Grays Harbor PUD
	–0.29 to –0.35
	N/A

	
Mason County PUD No. 1
	–0.31 to –0.33
	N/A

	
Mason County PUD No. 3
	–0.23 to –0.26
	N/A

	
Snohomish County PUD
	–0.21 to –0.24
	N/A

	
PNW Average
	-0.32
	-1.07

	
Range
	–0.20 to –0.44
	–0.35 to –2.23

	Commercial
	
	

	
Clark Public Utilities
	-0.33
	N/A

	
Mason County PUD No. 1
	–0.17 to –0.38
	N/A

	
Mason County PUD No. 3
	–0.27 to –0.38
	N/A

	
Snohomish County PUD
	–0.15 to –0.17
	N/A

	
PNW Average
	-0.24
	-0.76

	
Range
	–0.12 to –0.38
	–0.29 to –1.65

	Industrial
	
	

	
PNW Average
	-0.54
	–1.25

	
Range
	–0.39 to –0.69
	–0.76 to –2.87

	System
	
	

	
PNW Average
	–0.29
	–1.03

	
Range
	–0.16 to –0.42
	–0.75 to –1.39


Conclusions

Though the response of consumers to rate increases will be inelastic in the short-run, the reduction in demand caused by these rate increases certainly warrants consideration.  Long-term rate increases will cause a significant reduction in demand for electricity in all three classes.  Additionally, rate changes lasting from one to ten years will cause a significant reduction in demand, since the customer response in this intermediate period is given by a combination of the short-run and long-run elasticities.  The response of customers will also depend on their perception for the time-frame of the rate increases.  If consumers believe rates will go up in the future, their response will be more elastic than the above estimates suggest.  Given the large changes in retail rates associated with BPA’s pending wholesale change, the inclusion of a price elasticity response is critical to developing new rates adequate to cover fixed costs.
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