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 Combining inclining block rates with other EIRs magnifies customer bill reductions or 
increases, depending on their load profiles.  As noted in Section I, inclining block rates could 
increase bills for large, poor households who feature high electricity usage but cannot improve 
their energy efficiency.  Hypothetically, such a household could be low-income (and thus unable 
to improve efficiency); occupy a large, older house; and include persons who are home during 
the daytime, necessitating peak-period HVAC usage.  If inclining block rates combine with TOU 
rates, this customer would see bill increases associated with inclining block rates magnified 
because it cannot respond to peak TOU rates. 

D. Combining critical peak pricing and demand response programs  

 Certain utilities or RTOs offer demand response programs through which utilities can 
require certain customers to curtail their load in emergency situations in exchange for rate 
discounts or direct compensation for each event.  Although some customers might participate in 
CPP programs and not conventional demand response programs because they want to maintain 
control of their consumption, the two types of programs target similar customers.  Some utilities 
or RTOs offer economic demand response programs where participants receive a credit for 
reducing load but their rates do not change during critical periods.  These programs’ critical 
events are likely to be the same as CPP events.  Participation in CPP programs is thus likely to be 
low in the presence of other demand response programs. 
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IV. Secondary Effects of Efficiency-Inducing Rates 

A. Redistributive consequences 

Rate design changes often prove contentious because they reallocate costs, with each 
customer class seeking to bear as little cost as possible.  Table 2 below describes which 
customers would likely benefit or suffer under various EIRs.  
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Table 2.  EIR Redistributive Consequences 

Rate design Customers likely to see reduced bills Customers likely to see additional bills 

Inclining block 
rates 

- Customers who consume low amounts 
of electricity, such as small households 
and customers with gas heating and hot 
water 

- Customers able to invest in energy 
efficiency (EE) measures or gas 
appliances 

- Customers who consume large amounts 
of electricity such as large families 

- Customers who are unable to reduce 
consumption or invest in EE measures or 
gas appliances (e.g., as poor customers 
using space heaters) 

Seasonal rates - Customers whose consumption is not 
concentrated in the peak season 

- Customers who can shift some of their 
consumption to the off-peak season 

- Customers able to invest in EE measures 
specific to the peak season 

- Customers whose consumption is heavily 
in the peak season (e.g., ski resorts) who 
cannot shift consumption to the off-peak 
season 

- Customers unable to invest in EE 
measures specific to the peak season (e.g., 
poor customers) 

Time-of-use 
rates 

- Customers who have low daytime loads 
(e.g., daytime workers) 

- Customers capable of shifting load from 
peak to off-peak times (e.g., 
manufacturers or mining customers) 

- Customers capable of implementing EE 
measures specific to peak hours (e.g., 
efficient air conditioners) 

- Customers with high daytime usage (e.g., 
office buildings) 

- Customers with low ability to shift load 
from peak to off-peak times (e.g., retail 
stores) or reduce peak consumption 

 

Critical peak 
pricing 

- Sophisticated customers capable of 
observing rate changes and adjusting their 
consumption 

 

Real-time 
pricing 

- Sophisticated customers able to monitor 
electricity rates and respond to changes 

- Unsophisticated customers unable to 
monitor rates and respond to changes 

- Customers with fixed electricity usage or 
high usage during peak periods 
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B. Renewable energy implications of EIRs 

 Numerous states have or are considering implementing policies to encourage distributed 
renewable energy systems.  Most distributed generation systems are solar PV, small wind, or 
anaerobic digestion generators.  They offset their owners’ electricity consumption.  Additionally, 
in most states, customers with distributed generators can sell excess electricity back to the grid 
through net metering programs.  Some states also provide tax credits, utility rebates, low-interest 
loans, and other incentives for distributed renewable energy generators.  Many states have 
created markets for tradable renewable energy credits in conjunction with renewable portfolio 
standards.  Some offer tax credits (sales, property, or income) or rebates to encourage 
development.  Policymakers should evaluate carious EIRs’ effect on the value of renewable 
energy generation to calibrate such incentives, such that they are sufficient but not excessive. 

 Most parts of the U.S. feature peak electricity consumption and wholesale electricity 
costs during summer, weekday afternoon hours.  TOU rates, seasonal rates, and real-time pricing 
(and, to a lesser extent, critical peak pricing) all add value to behind-the-meter renewable energy 
generators that produce a disproportionate amount of their electricity these hours.  Solar 
generators in particular match this load profile as shown below for a single summer day.52  
Biomass generators such as anaerobic digesters are dispatchable, such that they can provide their 
electricity when it is most valuable.   

 

 In contrast, wind turbines in most locations produce the most electricity during winter or 
shoulder months and in the morning or and at night, when electricity is least valuable under 
EIRs.  States promoting small wind development (currently a small percentage of overall wind 

                                                 
52  http://i-r-squared.blogspot.com/2007/07/california-solar-dilemma.html 
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generation) should consider the effects of seasonal, TOU, and RTP rates by examining typical 
production profiles of wind turbines and calculating their value under different rate designs. 

 At the margins, CPP programs could make dispatchable, behind-the-meter generation like 
anaerobic digestion generators more valuable by enabling customers to switch from taking 
electricity from the grid to using their own generation during CPP events.  CPP events are 
infrequent enough, and the corresponding discounts small enough, however, that CPP rates’ do 
not markedly affect project economics. 

 Inclining block rates can increase or decrease the value of distributed generation, 
depending on the customer’s electricity consumption levels and the block cutoffs.  If inclining 
block rates reduce rates at unchanged consumption levels for the customer demographics most 
likely to purchase solar PV or small wind generators, these customers will be less likely to 
purchase them.  Conversely, if these customers’ rates, absent changes in electricity consumption, 
increase under inclining block rates, distributed generation becomes more attractive.  States 
intending to promote distributed generation should examine what customer demographics 
purchases most distributed renewable energy generators and how their incentives would change 
under potential inclining block rates. 
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II. Step 2 – Select Seasons     
 

Consumer behavior varies with seasons—in most places people consume more 
electricity during midday hours in the summer months than during those same hours in 
the winter months.  The composition of peak and off-peak hours of the day depends on 
the season.  Thus, before identifying time-of-day pricing periods we need to separate 
months with similar patterns of consumption and marginal costs into distinct seasons.  
Then we can separate time-of-day periods within each season.  The alternatives to having 
different seasons are (a) to create a different TOU schedule for each month, or (b) to 
apply the same TOU schedule for the whole year, ignoring any seasonal differences.  
Comparing these alternatives, seasonal grouping offers a better balance between 
precision and convenience.  The example below illustrates how seasons are selected for a 
hypothetical Utility X.7  

 
Figure 1 shows the distribution of hourly marginal costs for each month for 

Utility X.8  The graph indicates the presence of two different patterns:  a distribution of 
costs with two peak periods (November through March) and a distribution with one peak 
period (April through October). 9  Thus, two distinct seasons can be suggested:  winter 
and summer.10   
 

The shapes of the distributions of Utility X’s marginal costs are related to 
variations in temperature and the usage level of cooling/heating appliances.  The summer 
period features one peak period (midday hours), which has the highest marginal costs.  
The midday air conditioning load leads to the dispatch of expensive peaking units, 
driving up the cost of electricity.  The winter months feature two peaks (morning hours 
and evening hours) due to high demand for heating during the morning hours (when 
people wake up) and during the evening hours (when they come home from work).  

 
 
 
 
 
                                                 
 7  The analysis uses marginal cost data.  Load data can be employed in a similar 
fashion.    
 
 8  Each data point is an average of the cost of a particular hour for each of the 30 
days of the month.  The data appear in Appendix B.  
 
 9  The winter months of November through March are represented on the graph by 
thick lines of light colors, the summer months of April through October by thin lines of 
darker colors.  
 
 10  This stylized example includes a substantial difference between the summer 
and winter months.  It is possible to have more than two seasons for other utilities.  For 
instance, some regions feature distinct fall and spring shoulder months with lower peak 
loads. 
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Figure 1.  Marginal Costs of Utility X.   
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The analyst can examine a number of statistics in order to identify which month 
belongs to which season when it is not clear from the graphical representation.  The 
analyst can calculate the coefficients of correlation and overall distances between 
distribution curves pairwise for adjacent months. 
 
 Let us say we have to decide where the month of March belongs:  to the winter 
period that includes November through February or to the summer season of April 
through October.  We can look at the coefficients of correlation11 between March and 
February (the closest month of winter) and between March and April (the closest month 
of summer).  The coefficient of correlation between March and February is 0.9912, which 
is much higher and more statistically significant than the coefficient of correlation 
between March and April (0.33 and statistically insignificant).  The coefficients indicate 
that the patterns of consumption in March and February are more similar to each other 
than the patterns of consumption in March and April.  
 

 

                                                 

 11  The coefficient of correlation measures how well a trend in one variable 
follows the same trend in another variable.  The correlation coefficient is a number 
between 0 and 1.  If there is no relationship between the two variables, the correlation 
coefficient is close to 0; the stronger the relationship, the higher the correlation 
coefficient will be.  Coefficients of correlation can be readily calculated using Microsoft 
Excel or any major statistical software package. 

 12  The coefficients can be obtained with the help of any statistical package or MS 
Office Excel.  
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We can also calculate the sums of the squared distances between corresponding 
points of the distributions (the points that represent marginal costs at the same hour of the 
day in different months).13  This statistic is 278.38 for February and March, and 6,110.97 
for March and April.  The smaller distance between February distribution and March 
distribution indicates that February is closer to March than April is.  Thus, we place 
March in the winter season.   
 
 

                                                 

 13  The statistic shows how close the distributions are to each other.  The statistic 
is calculated as the square of the sum of the differences in the values of marginal costs in 
the same hours of the day in two different months.  The statistic can be calculated using 
Microsoft Excel or any major statistical software package. 
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costs; and such that between each group, there is a difference in these costs.  The output 
from the three-variable cluster analysis for Utility X is represented by the dendrogram17 
in Figure 2.   
 
Figure 2.  Cluster Analysis Output     
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The dendrogram indicates the possibility of two reasonable grouping solutions.18 
One solution assumes two clusters; the other, four.19  The two-cluster solution consists of  

                                                 

 17  A dendrogram graphically presents how observations are grouped together at 
various levels of dissimilarity.  At the very bottom of the dendrogram, each observation 
constitutes its own cluster.  The observations continue to unite until, at the top of the 
dendrogram, all observations are grouped together.  The height of the vertical lines 
indicates the strength of the clustering:  The longer the vertical lines, the more distinct 
the separation between the groups.  The Y axis measures the degree of dissimilarity.  
The X axis lists hours that are included in different clusters.  A dendrogram can be 
obtained after performing a cluster analysis in STATA or another statistical package. 

 18  Cluster-analysis stopping rules can help to determine the optimal number of 
clusters when it is difficult to do this based on graphical results alone.  A stopping-rule 
value is computed for each cluster solution (e.g., at each level of the cluster tree).  
Larger values (or smaller, depending on the rule) signal more distinct clustering.  These 
values help to decide when to stop clustering.  In general, clustering should be stopped 
when the clusters are not very different from each other. 

 19  Other groupings of hours are also possible, with more precise grouping of 
hours found closer to the bottom of the dendrogram.  It is not feasible, however, to offer 
customers a pricing schedule that asks them to pay a different rate every hour or every 
couple of hours.  
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lower-cost hours (1, 2, 3, 4, 12, 13, 14, 15, 23, 24) and higher-cost hours (5, 6, 7, 8, 9, 10, 
11, 16, 17, 18, 19, 20, 21, 22).  The four-cluster solution allows us to price electricity at a 
more precise level; thus, the following discussion focuses on this solution.      

 
The four-cluster solution suggested by the analysis consists of the following 

groups: off-peak hours (23,  24,  1,  2,  3,  4),  peak hours (morning: 5,  6,  7,  8,  9,  10,    
and evening: 16,  17,  18,  19,  20,  21),  shoulder hours (hours 12,  13,  14,  15), and two 
sporadic hours that are not adjacent to each other and do not belong to the other 
categories (11 and 22).        

 
             A careful look at the composition of hours in each category reveals an important 
issue in designing TOU pricing schedule:  the tradeoff between precision of grouping 
and adjacency of hours.  The grouping suggested above separates two nonadjacent 
hours, 11 and 22, from the other four clusters.  Pricing these two hours separately would 
create an inconvenience (and higher complexity) for customers.  Instead of blindly 
following the results of a technical analysis, the analyst should apply her subjective 
opinion—and her common sense—to place these hours in other categories.  In our case, 
hours 11 and 22 can be added to the peak hours, because, according to Figure 2, at the 
higher level of aggregation these hours are clustered with the peak hours.      

 
As a result of the preceding discussion, we can suggest the following TOU 

schedule for Utility X.        
 

Table 1.  TOU Pricing Schedule      
 

Period Off-Peak Shoulder  Peak 

Hours  11 p.m. - 4 a.m. 12 p.m. - 3 p.m. Morning: 5 a.m. - 
11a.m. 
Evening: 4 p.m. - 10 
p.m.  

- Range of marginal 
costs (¢/kWh)20 
 
- Average (¢/kWh) 

10.1 - 14.2 
 
 
10.8 

20.2 - 33.4 
 
 
21.0  

39.5 - 45.7 
 
 
42.4 

 
One question that arises from the examination of the above schedule is whether 

there should be a distinct shoulder period.  Again, the more periods we have, the less 
convenient and more complicated the TOU rates become for a customer to follow.  At the 
same time, if consumers do not see enough difference in the prices they pay in different 
periods, they are not going to shift their consumption between periods.  To address this 
question, one could examine the ratio of marginal costs in different periods.  This ratio is 
useful because it reveals the distance between rates in different periods.  In case of Utility 
X, this ratio is approximately 1:2:4 (off-peak: shoulder: peak). 

 
   

                                                 
 20  The data can be found in Appendix B. 
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The equal variance method identifies breakpoints that make variances of costs in 
different periods the same to ensure that costs are equally homogeneous in each 
period.     

 
The minimax method helps to determine breakpoints that make the difference 
between the highest and lowest costs in each TOU period as small as possible.      
 
All of these techniques are supposed to provide guidance in designing time-of-use 

rates.  At the end of the day, however, many decisions about rate design are left to the 
analyst’s discretion.  Blind application of the results of a technical analysis could lead to 
ineffective pricing schedules.  Examples of ineffectiveness would include TOU schedules 
that fail to provide incentives to consumers (i.e., schedules that set rates at a very similar 
level for different periods) and schedules with an unreasonably large number of periods. 
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IV. Step 4 – Set Rates 
 

Having determined the appropriate number and timing of the periods, the next 
step is to decide the rates for each period.  Rates can be based on average marginal costs 
(i.e., the average of the hourly marginal costs within the period) or average weighted (by 
load) marginal costs in each period.  There is a problem, however, with basing the rate on 
marginal cost:  The utility will not recover its revenue requirements.  Marginal cost price 
recovers only marginal cost—the cost of running the utility for that hour, mostly energy 
and some other variable costs.  The utility incurs other costs, which it normally recovers 
through customer charges and demand charges, (i.e., charges that do not vary with hourly 
usage).  There are also costs associated with the introduction of TOU pricing, such as the 
installment and maintenance of advanced meters and customer education.  The difference 
can be covered by either scaling up23 rates based on marginal costs or through fixed 
charges (as with traditional rates).  In choosing the method of recovering these other 
costs, the analyst should take care not to disturb or blur the incentives provided to 
customers by dynamic pricing, (i.e., the incentive to shift load to the lower-cost periods).  
These incentives can be preserved by keeping the ratio between different periods’ rates 
close to the ratio between marginal costs in these periods.   

 
The purpose of TOU pricing is to induce changes in consumers’ behavior.  The 

TOU introduction will affect a utility’s loads and revenues.  Thus, it is important to 
conduct forecasts before making a decision about the launching of a new pricing scheme.  
The next section discusses how to estimate the effects of TOU introduction on utility’s 
loads and revenues.   

 
 

                                                 
 23  “Scaling up” means proportionally increasing rates in all the periods while 
keeping the same ratio between the periods. 
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V. Step 5 – Estimate the Effects of TOU Introduction     
 

Having developed the TOU schedule and rates, the next step is to estimate the 
effects of a TOU schedule’s introduction on a utility’s loads and revenues.  This step will 
compare TOU rates to traditional rates to reveal whether expected revenues from TOU 
pricing meet revenue requirements.  This information will also allow the comparison of 
TOU pricing to alternative dynamic rates, such as seasonal pricing, critical peak pricing, 
real-time pricing, and inclining block rates.   

 
This task requires estimates of customers’ price elasticity of electricity demand. 

The price elasticity of demand is a measure of the sensitivity of the quantity demanded to 
changes in price.  While numerous studies have examined the elasticity of demand for 
electricity, the results of these studies are inconclusive, with wide variations in results.  
An accurate estimation of the TOU effects requires information on two types of 
elasticity:  “own-price” elasticity24 and “cross-price” elasticity.25  In addition, customer  
classes likely differ in their response to a rate change.  For example, commercial 
customers who operate businesses during the day might be less willing to reduce the 
timing or amount of electricity consumption than residential customers.  Thus, estimates 
of demand elasticities for different groups of customers are required.  A summary of 
elasticities based on a review of the existing studies is provided in Appendix C.     

 
The example below illustrates how to apply elasticities to calculate the effect of 

TOU on the loads and revenues of Utility X’s residential customers.  Calculations for 
other types of customers can be carried out in a similar fashion using corresponding 
elasticity estimates.     

 

                                                 
 24  Own-price elasticity of demand is a percentage change in quantity demanded in 
response to a percentage change in price of the same good or service.  For example, a 
morning own-price elasticity of -0.25 indicates that if the price of electricity in this period 
goes up by 1%, the demand in this period decreases by 0.25%.  A review of existing 
studies reveals that most estimates of elasticities are found in the range of -0.12 to -0.35.  
EPRI White Paper (2008) provides a review of the most recent studies of customer 
response to dynamic rates programs.  
 
 25  Cross-price elasticity of demand is a percentage change in the demand for 
good A that occurs in response to a percentage change in the price of good B.  Let us 
view electricity in the morning as a good that is distinct from electricity in midday.  The 
question is whether the customer would substitute one for another, just as a traveler might 
substitute a train ride for an airplane ride.  If the cross-price elasticity between morning 
and midday is -0.10, then if the price of electricity in the midday period goes up by 1% 
the demand in the morning hours decreases by 0.10%.  This customer does not view 
morning consumption as a substitute for midday consumption; rather, she views these 
two goods as complements and consumes them together.  Thus, if the price during one 
period increases, the customer will reduce consumption during both periods. 
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Faruqui and George (2002) provide the following matrix of own- and cross-price 
elasticities that the analyst can employ in order to estimate the response of residential 
customers.     

 
Table 3.  Elasticity Matrix for Residential Customers     
 

               2nd good 
1st good  

Morning   Midday  Evening Night  

Morning   -0.25 -0. 10 -0.05 0.15 

Midday  -0.10 -0.25 -0.05 0.05 

Evening  -0.10 -0.05 -0.20 0.05 

Night   0.15  0.05   0.15 -0.15 

Source:  Faruqui and George (2002), p. 55.  In order to find out how demand for electricity in the  morning 
period (1st good) is going to respond to changes in the price of  electricity in the evening period (2nd good)   
we first locate the 1st good (morning period) in the horizontal cells, and then find a corresponding 2nd good 
(evening period) in the vertical cells.  Following this procedure gives us the value of -0.05.   
 

Own-price elasticities can be found in the shaded cells on the diagonal; cross-
price elasticities in the off-diagonal cells.  In some periods, the values of cross-price 
elasticities are negative; in other periods, positive.  A negative sign indicates that two 
goods (in our case, consumption of electricity) are complements; a positive sign means 
that two goods are substitutes.   
 

According to the matrix, electricity demand in the morning, midday, and evening 
periods are complements for each other and substitutes for the night period.  For instance, 
the cross-price elasticity between morning and night of 0.15 shows that when the price of 
electricity in the night period goes up by 1%, people start substituting night-period 
electricity for morning-period electricity by 0.15% (for example, by changing the times at 
which they do laundry or cook).    

 
Next, the analysis applies elasticity estimates to Utility X’s residential loads and 

marginal costs to estimate the effect on the utility’s loads and revenues.  The following 
example illustrates the calculation process.      
 
Table 4.  Estimation of TOU Effects on Utility X’s Loads and Revenues 
 

TOU 
period 

Load 
(mWh) 

Marg 
cost 
(c/kWh) 

Trad 
rate 
(c/kWh) 

% 
change 

Trad 
revenue ($) 

Effect 
on 
load 
(night) 
% 

Effect on 
load 
(morning) 
% 

Effect on 
load 
(evening) 
% 

Effect on 
load 
(shoulder) 
% 

TOU 
load 
(mWh) 

TOU 
revenue ($) 

Night 
(off-peak) 32,384 10.8 35.0 -69.1 11,334,400 10.4 -10.4 -3.5 -3.5 37,149 4,012,100 

Morning 
(peak) 144,716 42.4 35.0 21.1 50,650,600 3.2 -5.3 -2.1 -2.1 126,316 53,558,151 

Evening 
(peak) 151,959 42.4 35.0 21.1 53,185,650 3.2 -1.1 -4.2 -1.1 140,106 59,405,028 

Midday 
(shoulder) 41,903 21.0 35.0 -40.0 14,666,050 -2.0 4.0 2.0 10.0 43,316 9,096,303 

Total 370,962    129,836,700 14.7 -12.7 -7.8 3.4 346,887 126,071,582 



49 
 

 
In this example, the traditional flat rate charged by Utility X is 35 cents/kWh.     

New TOU rates are set at the average marginal costs (from Table 1).  The values of 
elasticities from Table 3 are applied.      

 
The following explains how to estimate the effect of the TOU pricing on the load 

in the shoulder period.   
 

 First, we calculate the conservation effect.  The price in the shoulder period 
decreases from 35 cents to 21 cents, or by 40%.  This percentage change is then 
multiplied by the shoulder own-price elasticity of -0.25, which gives an increase 
in the shoulder load of about 10%.   

 
 In addition, we have to take into account another effect—the effect of load 

 shifting between periods of the day. 
 

- The night price decreases from 35 cents to 10.8 cents, about 69%.  Night and 
midday shoulder periods are substitutes with a cross elasticity of 0.05; thus the 
shoulder load decreases by 3.5% in response to the decrease in the night price.      
 
- The evening price increases by 21.1%, and the evening and shoulder are 
complements with a cross elasticity of -0.05; thus the effect on shoulder load is a 
decrease of 1.1%.      
 
- The morning price decreases by 21.1%, and the shoulder and morning are 
complements with a cross elasticity of 0.10; thus the shoulder load decreases by 
2.1%.  

 
 Overall, when we sum the results of both effects, the shoulder usage increases by 

 about 3.4% due to the changes in prices of all four time periods and the 
 complementarity/substitutability pattern between periods.26  This 3.4% is then 
 multiplied by the shoulder load under the traditional rate structure to obtain the 
 load under TOU.        
 

The identical process is applied to the other three periods of the day.  Overall, the 
results from the table show that TOU introduction is associated with a decrease in load by 
about 6.5% (from 371,000 mWh under the traditional rate structure to 347,000 mWh 
under TOU).  Revenues in response to TOU introduction decrease from $130 million to 
$126 million, or by about 3%.  In Step 7 we discuss how to cover the gap in revenues 
under a TOU regime and under a traditional rate regime.  

 

                                                 
26  Alternatively, the calculation can be presented in the following way: 
% ∆ shoulder usage = Conservation Effect + Shifting Effect = (% ∆ price shoulder period 
* own-elasticity in shoulder period ) + (% ∆ price night period * cross-elasticity of 
shoulder and night + ∆ price evening period * cross-elasticity of shoulder and evening +  
∆ price morning period * cross-elasticity of shoulder and morning). 
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In this paper we estimate only the effect that TOU rates have on consumer 
demand, and utility’s loads and revenues.  However, the introduction of dynamic rates 
has other effects as well.  For example, the Pricing Impact Simulation Model (PRISM) 
Suite developed by the Brattle Group not only simulates customer response to dynamic 
pricing, but also estimates customers and utilities’ benefits.  The models help to assess 
the following benefits:  capacity cost savings, energy cost savings (lower energy 
generation costs and avoided wholesale power purchases), transmission cost savings, and 
distribution cost savings.  
 

The PRISM models are based on the data from 2003-2005 California Statewide 
Pricing Pilot.  However, the models can help to evaluate the effects of dynamic rates 
programs of utilities in other parts of the country as well.  The models allow adjusting for 
different climates, load shapes, and socio-demographic conditions. 27  

 
 

                                                 
27  For more details see Faruqui, A, and Wood, L. (2008). 



51 
 

VI. Step 6 – Conduct Sensitivity Analysis     
 
The review of existing elasticity studies reveals that it is virtually impossible to 

pinpoint demand elasticity.  Since the results of our calculations depend on the 
assumptions about demand elasticity, it is important to perform a sensitivity analysis.  
Sensitivity analysis is a procedure that determines how sensitive the analysis’s outcomes 
are to changes in assumptions.  If a small change in assumptions results in relatively large 
changes in the outcomes, the outcomes are said to be sensitive to that assumption. 

 
The literature allows us to identify the range of reasonable elasticity estimates:  

from -0.12 to -0.35.28  Higher values of elasticity reflect a larger customer response.  An 
application of the lower and upper bounds of the range provides us with the range of 
loads and revenues we can expect from the introduction of TOU pricing.   

 
The elasticity matrix from Table 3 is adjusted for the lower and upper ends of 

elasticity estimates.  The values of elasticities in Table 5 represent a lower end of the 
elasticity range, thus reflecting a smaller consumer response.  The higher values of 
elasticities in Table 6 reflect the upper end of the elasticity range and a larger customer 
response.  
 
Table 5.  Elasticity Matrix for Sensitivity Analysis (lower bound - 0.12).     
 

          2nd good 
1st good 

Morning Midday Evening  Economy 

Morning  -0.12 -0.048 -0.024 0.072 

Midday -0.048 -0.12 -0.024 0.024 

Evening -0.048 -0.024 -0.096 0.024 

Night 0.072 0.024   0.072 -0.072 

 
Table 6.  Elasticity Matrix for Sensitivity Analysis (upper bound - 0.35).     
 

          2nd good 
1st good  

Morning Midday Evening  Economy 

Morning  -0.35 -0.14 -0.07 0.21 

Midday -0.14 -0.35 -0.07 0.07 

Evening -0.14 -0.07 -0.28 0.07 

Economy (off 
peak) 

 0.21  0.07   0.21 -0.21 

 
Next, we perform the procedure described in Step 5, applying different values of 

elasticities from the above tables.  Table 7 presents the results of the sensitivity analysis 
that reflect changes in loads and revenues under new assumptions.      

 
 
                                                 
 28  The values of demand elasticity for customers of actual utilities are expected to 
lie in this range.   
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Table 7.  Results of Sensitivity Analysis     
 

 Elasticities 
from Table 3 

Lower-Bound 
Elasticities 
from Table 4   

Upper-Bound 
Elasticities 
from Table 5 

 
Change in revenue:  
 

 
-6.5% 
 

 
-3% 
 

 
-9% 

 
Change in load:  
 

 
-3%  

 
 2% 
 

 
-7% 

 
The sensitivity analysis indicates that assumptions about the values of elasticities 

do not critically affect results.  As we can see, even under upper-bound elasticities that 
assume large response from customers, changes in both revenues and loads due to the 
introduction of TOU pricing regime do not exceed 10%.  Under lower-end estimates, 
revenues decrease by 3% and loads increase by 2%; under upper-end values, revenues 
drop by 9% and loads decrease by 7%.  This is not a surprise, given that demand for 
electricity is not very elastic (consumers do not change their behavior much in response 
to changes in prices), as indicated by the small values of demand elasticity.  If consumers 
do not adjust their patterns of consumption significantly, we cannot expect dramatic 
changes in sales. 

 
In this report we apply the values of elasticities for the short run.  Most of the 

TOU experiments and programs were in place for only a short period of time; thus there 
is not much evidence regarding the long-term effects of TOU schedules.  Two studies 
that examined the long-run effects of the Duke Power TOU program, which was in place 
for eight years, came to opposing conclusions regarding residential and non-residential 
customers.  Taylor and Schwarz (1990) studied the long-run response of residential 
customers.  The study concludes that “customer response increases over time in a manner 
that enhances the ability of TOU rates to reduce system peak.”29  Tishler (1989) comes to 
the opposite conclusion for non-residential customers: “Almost all the firm’s adjustments 
take place at the time that the time-of-use pricing is introduced, and only very few 
additional adjustments take place in the long run.”30   

 
 Neither of the studies provides estimates of own and cross elasticities applicable 
for our analysis.  King and Chatterjee (2003) provide a range of long-run estimates for 
residential customers from 34 non-TOU studies conducted before 1984.  The values vary 
from -0.6 at the lower end of the range to -1.2 at the upper end.  These values can be 
applied if the regulator is interested in estimating the long-run effects of a TOU program.  
However, these elasticity values merit careful consideration.  First of all, they come from 
non-TOU studies, and non-TOU studies in general show higher elasticities than TOU 
studies.  Second, the estimates come from studies conducted before 1984; more recent 
studies indicate lower elasticities, either due to changes in consumers’ behavior over time 
or due to improved estimation techniques.   
 

                                                 
 29  Taylor & Schwarz (1990), p. 431. 
 30  Tishler (1989), p. 69. 
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VII. Step 7 – Finalize TOU Pricing  
 
 Equipped with the information from Steps 5 and 6, policymakers can make a 
decision about the feasibility of, and possible benefits from, TOU introduction.  The 
decision should take into account (a) whether TOU pricing will induce enough response 
from customers to meet the utility’s goal of peak-load reduction, and (b) how large the 
gap will be between TOU revenues and the utility’s revenue requirements.  If the 
decision is to proceed with TOU implementation, then the policymakers can use 
information from the previous two steps to adjust TOU rates upwards to cover the 
utility’s costs and meet revenue requirements.  Rates should increase to compensate for 
potential under-recovery of fixed costs (and thus earnings) due to changed consumption.  
Where consumption changes reduce costs as much as revenues, no adjustment is needed. 

 
As suggested in Step 4, the adjustment can be done by either proportionally 

increasing rates based on marginal costs or adding fixed charges.  Rates should only be 
increased to reach the revenue requirement.  Reductions in consumption could reduce the 
revenue requirement by lessening fuel or maintenance costs.  If a 10% reduction in 
consumption would cause a 10% decrease in costs (fuel and maintenance), such an 
upward adjustment is not necessary.   

 
In our example, the costs did not fall as a result of reduced consumption.  The 

marginal-cost-based rates for Utility X from Table 1 are 10.8 cents for off-peak hours, 
21.0 cents for shoulder hours, and 42.4 cents for peak hours.  In order to minimize the 
gap between revenues under traditional flat rates and TOU rates, rates in all TOU periods 
can be multiplied, for example by 1.0505 times.  This method covers the gap while 
keeping the ratio intact (it is still about 1:2:4).31   

 
 

                                                 
 31  The difference is now $142.00 instead of -$376,512.00.  
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VIII. Conclusions 
 
This supplemental piece provides step-by-step guidance for the designing of TOU 

pricing.  A simplified example of a hypothetical Utility X helps to illustrate the main 
steps of the process.      
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Appendix A 
 

Data Request 
 

 
Please provide: 
 

1)   The average 24-hour load profile for each month in the last five calendar years for 
each type of the utility’s customers  

 
2) The average 24-hour marginal electricity costs in the last five calendar years 

based on: 
 
 - the heat rates/fuel costs of the last units dispatched if a utility produces  
  electricity itself; or  
 
 -  the cost of electricity purchased under bilateral contracts32 

 
3)   Currently effective rate schedules 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
 32  This is a data request for utilities that operate in states without organized 
markets.  For utilities that operate in organized markets, the data on marginal costs are 
locational marginal prices (LMP) that can be obtained from the appropriate RTO’s 
website.  If the data are not readily available from the website, the data request should be 
sent to the RTO.  
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Appendix B 
 

Data for Utility X 
 

Hour Marg cost 
on average 
day (c/kWh) 

Marg cost on 
min peak day 
(c/kWh) 

Marg cost on 
max peak day 
(c/kWh) 

Average 
load 
(mWh) 

1 10.12 9.2092 11.638 5,060 
2 10.12 9.614 11.9416 5,060 
3 10.12 9.5128 11.8404 5,060 
4 10.12 9.8164 11.9416 5,060 
5 39.468 36.31056 44.99352 19,734 
6 40.48 37.6464 45.7424 20,240 
7 45.54 45.0846 52.371 22,770 
8 45.54 43.7184 51.0048 22,770 
9 40.48 39.6704 47.3616 20,240 

10 45.54 42.8076 54.1926 22,770 
11 32.384 31.41248 35.94624 16,192 
12 22.876 21.27468 26.53616 11,438 
13 20.45 19.8365 23.722 10,225 
14 20.24 18.4184 23.6808 10,120 
15 20.24 19.4304 23.276 10,120 
16 45.54 44.6292 51.9156 22,770 
17 45.54 45.0846 51.4602 22,770 
18 45.54 41.4414 53.7372 22,770 
19 45.54 43.263 52.8264 22,770 
20 45.702 43.87392 52.10028 22,851 
21 42.656 39.24352 47.77472 21,328 
22 33.396 31.05828 39.07332 16,698 
23 14.168 13.17624 16.15152 7,084 
24 10.12 9.3104 11.638 5,060 

 
 

Period Off-Peak Shoulder  Peak 

Hours  11 pm - 4 am 12 pm - 3 pm morning: 5 am - 11am 
evening: 4 pm - 10 pm 
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          Appendix C  
 

Summary of the Review of Elasticity Studies 
 
 
Elasticities of Residential Customers 
 

There are a number of studies of the demand elasticities of residential customers. 
Estimates found in these studies vary widely, from -0.076 to -2.01 for the short run and 
from -0.07 to -2.5 for the long run.  The findings of most studies are located in the range 
of -0.12 to -0.35.  
 

Studies of time-of-use programs and experiments show that own-price elasticity in  
peak periods is usually higher than elasticity in off-peak periods.  Voluntary TOU 
programs and experiments show a higher response than mandatory programs.  
 

In the long run, customers can change their appliance stock or install insulation; 
thus elasticities are expected to be higher than in the short run.  Estimates for the long 
run, however, are less reliable, since most of the TOU projects were short-lived.  
 
 
Elasticities of Non-residential Customers  
 

There is much less information about elasticities for non-residential customers than 
for residential customers.  

 
There is some evidence (from real-time pricing studies) that larger customers, 

especially in manufacturing, tend to be more price responsive, perhaps due to the fact that 
some of them own on-site generators.  Hopper et al. (2006) examined the response of 
businesses in different sectors to the introduction of day-ahead pricing program and 
found that “the manufacturing sector exhibited the highest elasticity, of 0.16….The other 
sectors—commercial/retail, health care, and public works—are considerably less 
responsive, with average elasticities of 0.06, 0.04 and 0.02, respectively.”33  The results 
of the Braithwait and O’Sheasy (2002) study on real-time pricing indicated that “the most 
responsive customer segment was a group of very large industrial customers.  This group 
exhibited a price elasticity of –0.18 to –0.28 across the range of reported prices 
($0.15/kWh to $1.00/kWh), which was double the elasticity of any other group.  The least 
responsive customer segments, consisting of smaller C&I customers that neither had 
onsite generation nor had previously participated in the utility’s curtailable rate, exhibited 
price elasticities of - 0.06 or lower at all price levels.”34  
 

The EPRI White Paper (2008) provides a review of the most recent studies of 
residential and non-residential customers’ response to dynamic rates programs. 
 

                                                 
 33  Hopper et al. (2006), p. 10.  
 34  U.S. Department of Energy (2006), p. 88. 
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