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EXECUTIVE SUMMARY  

Newmarket Tay Power Di stribution retained Navigant Consulting  Inc. (Navigant Consulting ) 

to estimate the effect that switching from the .ÕÛÈÙÐÖɯ$ÕÌÙÎàɯ!ÖÈÙËɀÚɯȹ.$!ȺɯRegulated Price 

Plan (RPP) tiered price structure to the time -of-use (TOU) price structure had on the 

consumption  of electricity by a group of Newmarket 3Èàɯ/ÖÞÌÙɯ#ÐÚÛÙÐÉÜÛÐÖÕɀÚɯȹ-3/Ⱥ residential 

customers and explore the opportunities presented to NTP for improving that response . 

The three princip al objectives of this study were to: 

1. Estimate the degree to which the introduction of TOU rates had encouraged residential 

consumers to shift their consumption away from the on -peak period. 

2. Estimate the degree to which the introduction of TOU rates had encouraged residential 

consumers to reduce their consumption of all electricity ɬ the conservation effect. 

3. Use survey data obtained from NTP customers whose consumption data had been used to 

achieve the first two objectives to identify opportunities for improving residential TOU 

response; shifting away from on-peak and mid-peak periods toward off -peak periods. 

Data Used 

NTP provided NCI with hourly consumption data from four groups (cycles) of residential 

customers all from within its Newmarket service area ; one control group, which was switched 

to TOU rates only after the period of analysis, and three experimental groups, all of which were 

switched from tiered RPP rates to TOU RPP rates at some time during the period of analysis. 

This data-set is the largest (in terms of accounts) and the longest (in terms of period of analysis) 

yet used in Ontario for an assessment of TOU rate impacts. In total the hourly electricity 

consumption data  from more than three thousand different customers was used in a period of 

analysis of over eight hundred days.  

Survey data was provided by a third -party market research firm, Northstar Research Partners,  

that obtained responses to a detailed telephone survey from 10% of those customers in the 

original sample.  

Method  

The demand response impact of the introduction of TOU rates and the conservation effect 

ÌÕÎÌÕËÌÙÌËɯÉàɯÚÜÊÏɯÙÈÛÌÚɯÞÌÙÌɯÌÚÛÐÔÈÛÌËɯÜÚÐÕÎɯÈÕɯÌÊÖÕÖÔÌÛÙÐÊɯÛÌÊÏÕÐØÜÌɯÒÕÖÞÕɯÈÚɯɁÍÐßÌËɯ

ÌÍÍÌÊÛÚɂȭɯ3ÏÐÚɯÛÌÊÏÕÐØÜÌɯÏÈÚɯÈÓÙÌÈËàɯÉÌÌÕɯÍÙÜÐÛÍÜÓÓàɯÌÔ×ÓÖàÌËɯÉàɯÛÞÖɯÖÛÏÌÙɯÔÈÑÖÙɯÚÛÜËÐÌÚɯÖÍɯÛÏÌɯ

impact of TOU rates in Ontario.  

Although previous Ontario TOU studie s have used two-way fixed effects Navigant Consulting  

determined that in this case ɬ principally because of possibilities afforded by a much longer 

time-wise data-set than has heretofore been available ɬ using only individual fixed effects and 

explicitly c ontrolling for time -variant drivers of electricity consumption would provide more 

accurate estimates of both the demand response impact and conservation effect of TOU prices. 

To allow for more direct comparability across studies, Navigant Consulting  has also estimated 

the demand response impact and conservation effect using two-way fixed effects. Caution 
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should be exercised in assessing these estimates as Navigant Consulting  is confident that the 

estimates generated by the individual fixed effects models pr ovide a more accurate estimate of 

the impact of TOU prices. 

Navigant Consulting  used the survey data to segment the main sample to explore to what 

degree those surveyed were representative of the larger sample (in terms of shifting and 

conservation) and to what degree the best informed customersɀ (BICs) shifting and conservation 

differed from that of the rest of those surveyed, and the sample as a whole. 

The survey data was also explored for correlations which could suggest opportunities for NTP  

and others to improve overall customer response to TOU rates.  

Conclusions  

Navigant Consulting  observed a statistically significant demand response impact from TOU 

rates. On average, Newmarket households in the sample studied which became subject to TOU 

prices reduced both on-peak and mid-peak electricity consumption and increased off -peak 

weekend consumption but not off -peak weekday consumption.  

As discussed above Navigant Consulting  used two different econometric models to estimate the 

impact of TOU rates on energy conservation ɬ individual fixed effects only and two -way fixed 

effects. In neither model  did Navigant Consulting  observe any statistically significant 

conservation impact due to the introduction of TOU rates.  

The estimated demand response impacts and conservation effect are summarised in Table 1 

below. Parameter estimates should be interpreted as the percentage impact which TOU prices 

have had on consumption in  the period in question . For example: TOU rates are estimated to 

have reduced on-peak consumption by 2.8% and increased off-peak weekend consumption by 

2.21%. 

Red cells indicate parameter estimates that are not statistically significantly different from ze ro 

when tested at a 95% confidence level. 

Table 1 - Overall Demand Response Impact and Conservation Effect  

  Parameter Estimate 

On-peak -2.80% 

Mid -peak -1.39% 

Off -peak Weekdays 0.16% 

Off -peak Weekends 2.21% 

    
Conservation effect  0.66% 

Re-estimating the fixed -effects models using only the control group and the accounts of 

customers who responded to the survey, it was observed that survey respondents had, on 

average, a greater response to TOU rates than did the rest of the sample. This suggests that the 

survey sample data is slightly contaminated by self -selection bias. 

This is not surprising . On average, holding other things equal, customers willing to spend 

twenty minutes on the telephone for a study offering them no pecun iary incentive will tend to 
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be those more positively disposed toward  the subject of the survey than most. It also follows 

that, generally, individuals that are reasonably well -disposed to TOU pricing will also be likely 

to pursue shifting or conservation a ctions with more alacrity than average.  

This self-selection bias should be borne in mind when examining the results of the survey 

presented below, and the reader should be take care when comparing these results to those of 

other studies to note what, if any, self-selection bias may also be present in those studies. 

In exploring opportunities for NTP to improve customer response to TOU rates, Navigant 

Consulting  re-estimated the fixed-effects models using only the control group and the accounts 

of customers included in the survey whom Navigant Consulting  could identify as BICs. The 

result of this analysis was unequivocal ɬ BICs response to on-peak and mid-peak TOU periods 

was more than ten percentage points greater than that of the entire sample. Navigant 

Consulting  has explored some of the other characteristics of these customers with some 

suggestive, but not (due to the small sample size) conclusive results, and has provided some 

suggestions as to how NTP can leverage these customersɀ enthusiasm to improve T OU response 

in its wider customer base. 

Overall , Navigant Consulting ɀÚɯÍÐÕËÐÕÎÚɯÔÈàɯÉÌɯÚÜÔÔÈÙÐÚÌËɯÐÕɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÔÈÕÕÌÙȯ 

 TOU rates are accomplishing what they have been designed to do. Although average 

changes in consumption during the on -peak and mid-peak periods may appear small, 

they are significant and correspond directionally to what the rate design intends.  

 What public concern there is regarding increased electricity costs under TOU rates fades 

rapidly as customers adapt to the new rate design and perceive that TOU rates have a 

neutral or slightly favourable impact on their electricity bill.  
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I NTRODUCTION  

Newmarket Tay Power Distribution retained Navigant Consulting Inc. (Navigant Consulting) to 

estimate the effecÛɯÛÏÈÛɯÚÞÐÛÊÏÐÕÎɯÍÙÖÔɯÛÏÌɯ.ÕÛÈÙÐÖɯ$ÕÌÙÎàɯ!ÖÈÙËɀÚɯȹ.$!Ⱥɯ1ÌÎÜÓÈÛÌËɯ/ÙÐÊÌɯ/ÓÈÕɯȹ1//Ⱥɯ

tiered price structure to the time -of-use (TOU) price structure had on the consumption of electricity by a 

ÎÙÖÜ×ɯ ÖÍɯ -ÌÞÔÈÙÒÌÛɯ 3Èàɯ /ÖÞÌÙɯ #ÐÚÛÙÐÉÜÛÐÖÕɀÚɯ ȹ-3/Ⱥɯ ÙÌÚÐËÌÕÛÐÈÓɯ ÊÜÚÛÖmers and explore the 

opportunities presented to NTP for improving that response.  

The three principal objectives of this study were to:  

1. Estimate the degree to which the introduction of TOU rates had encouraged residential 

consumers to shift their consumptio n away from the on -peak period. 

2. Estimate the degree to which the introduction of TOU rates had encouraged residential 

consumers to reduce their consumption of all electricity ɬ the conservation effect. 

3. Use survey data obtained from NTP customers whose consumption data had been used to 

achieve the first two objectives to identify opportunities for improving residential TOU response; 

shifting away from on -peak and mid-peak periods toward off -peak periods. 

Econometric Analysis  

The macro effect of TOU prices on the electricity consumption of the three experimental groups 

ȹɁÊàÊÓÌÚɂȺɯÍÖÙɯÞÏÐÊÏɯNTP provided data  was estimated using an econometric estimation technique 

ÒÕÖÞÕɯÈÚɯɁÍÐßÌËɯÌÍÍÌÊÛÚɂȭɯ3ÏÐÚɯÛÌÊÏÕÐØÜÌɯÍÖÙɯÈÕÈÓàÚÐÕÎɯ×ÈÕÌÓɯȹÈÓÚÖɯÒÕÖÞÕɯÈÚɯÓÖÕÎÐÛÜËÐÕÈÓȺɯËÈÛÈɯallows 

the analyst to control for unobserved heterogeneity between different individuals and, if two fixed 

effects are used, between different time periods. This method has been used twice before in Ontario for 

estimating the effect that TOU prices have had on residential electricity consumption . For context, the 

results of both the Ontario Energy Board Smart Price Pilot and the Hydro One Networks Time-of-Use Pilot 

Project, as well as brief description of the methods and data for these studies are presented below. 

It should be noted that the results presented below must be regarded as point estimates of behaviour 

that has occurred (and is likely evolving) , and caution should be exercised in extrapolating these results 

to other jurisdictions or to the future.   Without truly dynamic prices (which change frequently 

throughout the day in response to changes in the wholesale price of electricity)  communicated to 

consumers in real time (or with a relatively short lag)  it is virtually impossible to estimate a consumer 

demand function for elect ricity.  

6ÐÛÏÖÜÛɯÈɯÊÖÕÚÜÔÌÙɯËÌÔÈÕËɯÍÜÕÊÛÐÖÕȮɯÈÕËɯÎÐÝÌÕɯÛÏÌɯÍÈÊÛɯÛÏÈÛɯÛÏÌɯ×ÙÐÊÌɯÖÍɯÈÓÓɯÛÏÌɯÈÝÈÐÓÈÉÓÌɯɁÎÖÖËÚɂɯȹÖÕ-

peak, mid-peak and off-peak consumption) change simultaneously, it is impossible to decompose to 

what degree the change in consumption of one good (e.g. on-peak electricity ) is due to the change in its 

own price and to what degree the change in consumption of that good is due to the change in price of 

its substitutes (mid -peak and off -peak electricity ).  

The up-shot of this is that it is not possible (without a consumer demand function) to estimate the 

relationship between, for example, on-peak demand and the on-peak price (the own-price elasticity of 

demand for on -peak electricity). Only the reaction of consumers (in terms of their on -peak consumption) 

to an overall change in the menu of electricity prices may be estimated.  
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In summary , the results presented below must be understood to be an assessment of the effect that 

switching from RPP to TOU prices has had on the residential consumption of electricity in various TOU 

time-periods. The results presented below should not be thought of as a forecast of the effect a change 

in the price of electricity in one TOU period will have on th e residential consumption of electricit y in 

that same period. 

Survey Analysis  

In addition to the econometric analysis of NTP customer consumption data, a third -party market 

research firm, Northstar Research Partners, was engaged to survey customers whose data had been 

used in the econometric analysis. 

Altogether  survey responses were obtained from 10% of the customers whose data was used in 

estimating the fixed -effects models, distributed evenly across the three experimental and the single 

control cycle. 

This data was used in several different ways. Firstly it enabled Navigant Consulting  to isolate the best 

informed customers (BICs) ɬ those that could perfectly identify the beginning and ending of all the on -

peak periods, winter and summer ɬ and re-estimate the fixed effect. This has enabled Navigant 

Consulting  to quantify the degree to which BICs out -perform the average in terms of consumption 

reductions during the on -peak and mid-peak periods. Data from the survey fu rther allowed Navigant 

Consulting  to attempt to identify the salient characteristics of these customers which might allow NTP 

to improve general customer response to TOU rates. 

Additionally, the survey data allowed Navigant Consulting  to explore the attitu des that NTP customers 

have about TOU rates, and, in particular, how these attitudes change over time for the better. 

Standard and TOU Rate Structure  

Under amendments to the Ontario Energy Board Act, 1998 (the Act) contained in the Electricity 

Restructurin g Act, 2004, the Ontario Energy Board was mandated to develop a Regulated Price Plan 

(RPP) for electricity prices to be charged to consumers that have been designated by regulation.  The 

first prices were implemented under the RPP effective on April 1, 2005, as set out in regulation by the 

Ontario Government.  

The principles that have guided the Ontario Energy Board  in developing the RPP were established by 

the Ontario Government.  In accordance with legislation, the prices paid for electricity by RPP 

consumers are based on forecasts of the cost of supplying them and must be set to recover those 

forecast costs. RPP prices are currently reviewed  and adjusted if necessary by the OEB every six  

months.   

During the period of analysis for this study (April 1, 20 07 to July 12, 2009), control group customers 

were exposed to five separate sets of tiered electricity prices and experimental group customers were 

exposed to three separate sets of tiered electricity prices before they switched over to TOU rates. The 

OEB reset tiered prices on November 1st, 2006, 2007, 2008 and May 1st, 2007, 2008, 2009. Figure 1 

illustrates the different RPP periods experienced by the control group and the experimental groups 

during the period of analysis.  
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Figure 1 - RPP Price Resetting Durin g the Period of Analysis  

 

 

Standard Regulated Price Plan Prices 

The conventional meter RPP has a two-tiered pricing structure, one price  for monthly consumption 

under a tier threshold and a higher price for consumption over the tier threshold.  From Novem ber 1, 

2005, the tier threshold for residential consumers has changed twice a year on a seasonal basis: to 600 

kWh per month during the summer season (May 1 to October 31) and to 1000 kWh per month during 

the winter season (November 1 to April 30).   

Subsequent to April 2006, the RPP prices were reviewed by the Board every six months and adjusted, if 

necessary.  The RPP prices in effect during this study reflect this resetting frequency and are shown in 

Table 2. 

Table 2 - Conventional RPP Prices During the Period of Analysis  

Cents per kWh  

Nov '06 - 

April '07  

May '07 - 

Oct '07 

Nov '07 - 

April '08  

May '08 - 

Oct '08 

Nov '08 - 

April '09  

May '09 - 

Nov '09 

Tier 1 5.5 5.3 5 5 5.6 5.7 

Tier 2 6.4 6.2 5.9 5.9 6.5 6.6 

 

TOU Regulated Price Plan Prices  

Consumers with eligible time -of-ÜÚÌɯ ȹÖÙɯ ɁÚÔÈÙÛɂȺɯ ÔÌÛÌÙÚɯ ÛÏÈÛɯ ÊÈÕɯmeasure and record electricity 

consumption for hourly (or shorter) intervals will pay under a time -of-use (TOU) price structure.  The 

prices under this plan are based on three time-of-use periods.  These periods are referred to as Off-Peak, 

Mid -Peak and On-Peak. The lowest (Off-Peak) price is below the tier prices, while the other two are 

above them.  The three prices are related to each other in approximately a 1:2:3 ratio. 

The RPP TOU prices are also reviewed and adjusted if necessary every six months. Table 3 below 

outlines the TOU prices in effect during the period of analysis.   

Table 3 - RPP TOU Prices During the Period of Analysis  

Cents per kWh  

Nov '06 - 

April '07  

May '07 - 

Oct '07 

Nov '07 - 

April '08  

May '08 - 

Oct '08 

Nov '08 - 

April '09  

May '09 - 

Nov '09 

On-peak 9.7 9.2 8.7 9.3 8.8 9.1 

Mid -peak 7.1 7.2 7 7.3 7.2 7.6 

Off -peak 3.4 3.2 3 2.7 4 4.2 
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The hours of these three TOU periods are set out in Table 4 below. It should be noted that on occasion 

within this report comparisons are made between the consumption during on-peak weekday hours, 

and during the same hours of the day on weekends. References to, for example, the consumption 

during the on -peak hours of the weekend should be understood by the reader to be convenient short-

hand for comparing the same hours of the day, and not that there is some part of weekend electricity 

consumption that is subject to on-peak TOU prices. 

Table 4 ɬ RPP TOU Hours in Summer and Winter  

 

Figure 2 graphically displays the summer TOU prices based on the May 2008 ɬ October 2008 price 

setting, while Figure 3 ÚÏÖÞÚɯÞÐÕÛÌÙɯ3.4ɯ×ÙÐÊÌÚɯÉÈÚÌËɯÖÕɯÛÏÌɯ!ÖÈÙËɀÚɯ×ÙÐÊÌɯÚÌÛÛÐÕÎɯÌÍÍÌÊÛÐÝÌɯ-ÖÝÌÔÉÌÙɯ

2008 through April 2009. 

 

Time 2ÜÔÔÌÙɯ/ÌÙÐÖËɯȹ,Èàɯƕɯɬɯ.ÊÛɯƗƕȺ6ÐÕÛÌÙɯ/ÌÙÐÖËɯȹ-ÖÝɯƕɯɬɯ ×ÙÐÓɯƗƔȺ

On-Peak ƕƕÈÔɯɬɯƙ×ÔɯÞÌÌÒËÈàÚ
ƛÈÔɯɬɯƕƕÈÔɯÈÕËɯƙ×ÔɯɬɯƜ×Ôɖɯ

weekdays

* Note that in the time since the end of the period of analysis the TOU periods have changed. The 

periods above, however correspond with those to which customers in the sample would have been 

subject to over the period of analysis.

Off-Peak

Mid-Peak
ƕƕÈÔɯɬɯƙ×ÔɯÈÕËɯƜ×ÔɯɬɯƕƔ×Ôɖɯ

weekdays

ƕƔ×ÔɯɬɯƛÈÔɖɯÞÌÌÒËÈàÚɯÈÕËɯÈÓÓɯËÈàɯ

on weekends and holidays

ƕƔ×ÔɯɬɯƛÈÔɖɯÞÌÌÒËÈàÚɯÈÕËɯÈÓÓɯ

day on weekends and holidays

ƛÈÔɯɬɯƕƕÈÔɯÈÕËɯƙ×ÔɯɬɯƕƔ×Ôɖɯ

weekdays
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Figure 2 - Summer RPP TOU Prices, May 2008 - October 2008 

 

Figure 3 - Winter RPP TOU Prices,  November 2008 - April 2009  
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D ATA USED ɬ ECONOMETRIC A NALYSIS  

NTP provided Navigant Consulting  with hourly consumption data from four groups (cycles) of 

residential customers; one control group, which has not yet been switched to TOU rates, and three 

experimental groups all of which were switched from tiered RPP rates to TOU RPP rates at some time 

during the period of analysis.  

It was necessary to drop some individuals from  within each group due to a number of factors that 

rendered them unsuitable for the analysis. For example: individual accounts were dropped  when the 

time series for that account began less than six months before that account was switched over to TOU 

rates. 

After all unsuitable accounts were dropped the data which remained, and from which the r esults 

presented in this report, are summarized in Table 5 below. 

Table 5 - Household Account Data Used in Analysis  

  Cycle 26  Cycle 27 Cycle 28 Cycle 29 

Number of Accounts  883 690 840 762 

Date of switch to TOU  

Never - 

Control 

Group  

1-Dec-07 1-Apr -08 1-May-08 

Date of earliest data point  5-Apr -07 4-Apr -07 1-Apr -07 1-Apr -07 

Date of latest data point  12-Jul-09 12-Jul-09 12-Jul-09 12-Jul-09 

Period of analysis: 833 days 

Data For Shifting Analysis  

$ÈÊÏɯÈÊÊÖÜÕÛɀÚɯÏÖÜÙÓàɯÛÐÔÌɯÚÌÙÐÌÚɯÞÈÚɯÛÏÌÕɯÈÎÎÙÌÎÈÛÌËɯÐÕÛÖɯÛÏÙÌÌɯ×ÈÙÈÓÓÌÓɯËÈÐÓàɯÛÐÔÌɯÚÌÙÐÌÚȯɯËÈÐÓàɯ

consumption during the on-peak, off-peak and mid-peak hours for every day of the week, including 

weekends and holidays, when only the off -peak rate applies. This aggregation took into account the 

effect of daylight savings time and the manner in which the TOU periods shift from winter to summer.  

Greater detail of how this data was used for the estimation may be found in Appendix A ɬ Model 

Details. 

Data For Conservation Effect Analysis  

For studying the conservation effect, the hourly data was, for each account, aggregated even further to 

provide a weekly series of consumption quantities for each account.  

Data From Previous TOU Studies  

For additional context the data used in both the OEBSPP and the Hydro One pilot are presented in 

Table 6 below. It should be noted that both studies had fewer participants (all of whom were self -

selected) who were observed over a shorter period of time. It should also be noted that neither of these 

studies had access to consumption data for the experimental group(s) from any period preceding the 

introduction of TOU pricing.  
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Table 6 - Data Used in Similar Studies  

 
OEBSPP Hydro One  

 
Experimental  Control  TOU only  TOU with RTM  Control  

Number of Accounts  124 125 177 153 75 

Date of earliest data point  1-Aug -06 1-May-07 

Date of latest data point  28-Feb-07 1-Oct-07 

Period of analysis (days)  211 153 
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M ETHOD AND M ODELS USED FOR ECONOMETRIC ESTIMATION  

The demand response impact and conservation effect analysis were both estimated using an 

ÌÊÖÕÖÔÌÛÙÐÊɯ×ÈÕÌÓɯËÈÛÈɯÛÌÊÏÕÐØÜÌɯÒÕÖÞÕɯÈÚɯɁÍÐßÌËɯÌÍÍÌÊÛÚɂȭɯThe use of fixed effects allows the analyst to 

control for the individual characteris tics of each household that are constant through time (e.g. square 

footage, type of furnace, etc.) without explicitly modeling the relationship between these characteristics 

and the variable of interest (electricity consumption). In essence, each individual household is assigned 

its own dummy variable.  

It is also possible to use a second fixed effect ɬ for the day of the sample ɬ to control for the individual 

characteristics of each day that remain constant across individuals. As with individual level fixed  

effects, this is equivalent to assigning a dummy variable to each day of the sample. This is the technique 

employed by the two previous studies of the effect of TOU pricing in Ontario cited earlier.  

In this case, however, it was felt that using only one-way (individual) fixed effects would allow for a 

more accurate estimate of the true effect of TOU prices. One of the disadvantages of including a fixed 

effect is that such an estimator is not consistent in the probability limit. Put another way, when using 

day-of-sample fixed effects our estimate of the time-dependent impacts on the dependent variable do 

not incrementally improve  as observations accrue over time.  

If we accept the assumption that the two principal drivers of daily electricity demand are the  weather 

and whether or not a day is a holiday or weekend, and we further accept the assumption that, on 

average, residential consumers tend to adjust their consumption in a relatively consistent way to these 

drivers, then using individual fixed effects an d explicitly controlling for both of these drivers by 

including them as independent variables will provide a more accurate estimate of their effect on 

consumption. This, in turn, will mean we will obtain a more accurate estimate of the effect of TOU 

prices on consumption. Using  only  an individual fixed effect and explicitly controlling for time -variant 

factors allows us to take advantage of the great length of the time series and the attendant accumulation 

of information in the data in a way that simply ass igning a dummy variable to each individual time 

period does not. 

To allow for consistency and comparability across studies, however, NCI has, in addition to a series of 

one-way fixed effects models, also used the data to estimate two-way fixed effects models of both the 

demand response impact and the conservation effect. The details of all the models used are presented in 

the attached Appendix . 

For easy reference and to aid the reader in keeping track of the various models Table 7 and Table 8 

below summarize the purpose of each model in the overall analysis. 
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Table 7 - Model Key - Individual Fixed Effects  

Individual Fixed Effects  

Model  Purpose 

A1 
Estimate the demand response effect of TOU prices on consumption during 

weekday on-peak, mid-peak and off-peak hours for each experimental 

group.  

A2 Estimate the demand response effect of TOU prices on consumption during 

weekend off -peak hours for each experimental group. 

A3 
Estimate the demand response effect of TOU prices on consumption during 

weekday on-peak, mid-peak and off-peak hours for the aggregated sample 

of all three experimental groups.  

A4 
Estimate the demand response effect of TOU prices on consumption during 

weekend off -peak hours for the aggregated sample of all three experimental 

groups. 

B1 Estimate the conservation effect of TOU prices for each experimental group. 

B2 Estimate the conservation effect of TOU prices for the aggregated sample of 

all three experimental groups.  

 

Table 8 - Model Key - Two -way Fixed Effects  

Two -way Fixed Effects  

Model  Purpose 

C1 
Estimate the demand response effect of TOU prices on consumption during 

weekday on-peak, mid-peak and off-peak hours for each experimental 

group.  

C2 Estimate the demand response effect of TOU prices on consumption during 

weekend off -peak hours for each experimental group.  

C3 
Estimate the demand response effect of TOU prices on consumption during 

weekday on-peak, mid-peak and off-peak hours for the aggregated sample 

of all three experimental groups.  

C4 
Estimate the demand response effect of TOU prices on consumption during 

weekend off -peak hours for the aggregated sample of all three experimental 

groups. 

D1 Estimate the conservation effect of TOU prices for each experimental group. 

D2 Estimate the conservation effect of TOU prices for the aggregated sample of 

all three experimental groups.  
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ECONOMETRIC A NALYSIS  

Overall Demand Response Impact and Conservation Effect ɬ Individual Fixed Effects  

The overall effect of TOU prices on all Newmarket households that became subject to such prices 

during the period of analysis appears to be that, on average, customers have reduced on-peak (-2.8%) 

and mid -peak (-1.39%) consumption and somewhat increased consumption on  weekends and holidays 

(+2.21%). The estimate of the conservation effect of TOU prices on all Newmarket households that 

became subject to such prices during the period of analysis was found to not be statistically significantly 

different from  zero. We cannot, at any conventional level of confidence, be sure that TOU rates affected 

overall electricity consumption in any way. Parameter estimates and standard errors are presented in 

Table 9 below.  

Red cells indicate parameter estimates that are not statistically significantly different from zero when 

tested at a 95% confidence level. 

All other parameter estimates for this model were statistically significant.  It is worth noting that that the 

parameter estimates for the effect of holidays and weekends were quite large, relative to TOU effects. It 

appears that, on average, households consume 11.93% more electricity during the on -peak hours of 

weekends and holidays than they do on weekdays, and 8.56% more electricity during the mid -peak 

hours. 

Table 9 - Overall Demand Response Impact and Conservation Effect  - Individual Fixed Effects  

  

Parameter 

Estimate Standard Error  

On-peak -2.80% 0.0046959 

Mid -peak -1.39% 0.0043356 

Off -peak 

Weekdays 
0.16% 0.0041979 

Off -peak 

Weekends 
2.21% 0.0038561 

      Conservation 

effect  
0.66% 0.0043197 

 

Group Specific Demand Response Impact and Conservation Effect ɬ Individual Fixed 

Effects 

Of the three experimental groups examined, households in Cycle 27 (on TOU rates from Dec. 1, 2007) 

proved to have the most consistent response to the introduction of TOU rates, reducing, on average, 

both on-peak (-4.31%) and mid -peak consumption (-5.42%) and increasing off -peak weekend 

consumption  (+3.74%) . The fact that the estimate of the conservation effect for this cycle is not 

statistically significantly di fferent from zero suggests that TOU rates in this case provoked only shifting , 

rather than conservation, behaviour.  All parameter estimates and standard errors are presented in Table 

10 below. 
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The results for Cycle 28 (on TOU rates from April 1, 2009) initially appear counter -intuitive; the 

introduction of TOU rates appears to have had the effect of, on average increasing off-peak weekend 

consumption (+1.88%) without any corresponding decrease in the consumption of either on-peak or 

mid -peak electricity. This Cycle also has the only statistically significant estimate for the conservation 

effect ɬ an overall increase in consumption of nearly 2%. What is likely occurring is simply that, on 

average, households within this cycle have not responded to TOU prices at all, and the positive 

estimates for the two parameters discussed are simply capturing some average exogenous growth in 

consumption that occurred within this Cycle over the course of the period of analysis.  

In the case of Cycle 29, although we can be reasonably confident that  on average households reduced 

on-peak consumption (-3.42%) in response to TOU rates, we cannot confidently state which period this 

consumption has, on average, been shifted to or whether, on average it has been conserved. A plausible  

explanation, given the fact that none of the other parameters estimated for this Cycle are significant is 

simply that although households, on average , reduced their on-peak consumption, they redistributed it 

either inconsistently (within house holds) or idiosyncratically (across households), or both. An example 

of inconsistent redistribution might be a family which is careful not to use major household appliances 

during the on -peak period, but during all other periods uses them whenever it is mo st convenient ɬ 

quasi-randomly. An  example of idiosyncratic redistribution might be two households which both 

reduce on-peak demand but, perhaps because of differing schedules, redistribute it to different 

periods1. Likely some combination of both effects is at work.  

As above, all parameters other than those highlighted in red  in Table 10 below are statistically 

significantly different from zero at all conventional con fidence levels. 

Table 10 - Group Specific Demand Response Impact and Conservation Effect ɬ Individual Fixed 

Effects 

  Cycle 27 Cycle 28 Cycle 29 

  
Parameter 

Estimate 

Standard 

Error 

Parameter 

Estimate 

Standard 

Error 

Parameter 

Estimate 

Standard 

Error 

On-peak -4.31% 0.007306 -0.97% 0.007766 -3.42% 0.007555 

Mid -peak -5.42% 0.006716 0.16% 0.007075 0.90% 0.006612 

Off -peak 

Weekdays 
-0.82% 0.005916 1.03% 0.006445 0.13% 0.006095 

Off -peak 

Weekends 
3.74% 0.005383 1.88% 0.006185 0.82% 0.005908 

              Conservation effect  -0.99% 0.007808 1.97% 0.007664 0.54% 0.007256 

 

                                                      

1 Note that while the individual level fixed effect will capture the effect of a constant, unchanging household schedule, it wi ll 

not be able to capture the effect of that schedule changing, due to an addition to the family, for instance.  
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Overall and Group Specific Demand Response Impact and Conservation Effect ɬ Two -ways 

Fixed Effects 

To be consistent with the previous two assessments of TOU impacts estimated using fixed effects, and 

to allow a greater degree of comparability between studies, the results of the estimation of the 

conservation and demand response using two-way fixed effects are presented in Table 12 and Table 11 

below. 

The reader is cautioned not to assume that these results are a more accurate determination of the effect 

of TOU prices on demand response and conservation simply because there is a higher proportion of 

statistically significant results.  

If we accept the assumption that the two principal drivers of  daily  electricity demand are the weather 

and whether or not a day is a holiday or weekend, and we further accept the assumption that, on 

average, residential consumers tend to adjust their consumption in a relatively consistent way to these 

drivers, then using individual fixed effects and explicitly controlling for both of these drivers by 

including them as variables will provide a more accurate estimate. Doing so allows us to take 

advantage of the great length of the time series and the attendant accumulation of information in the 

data in a way that simply assigning a dummy variable to each individual time period does not.  
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Table 11 - Overall Demand Response Impact and Conservation Effect   -  Two -way Fixed Effect s 

  

Parameter 

Estimate Standard Error  

On-peak -2.53% 0.0012856 

Mid -peak -1.87% 0.0010404 

Off -peak 

Weekdays 
0.34% 0.0009344 

Off -peak 

Weekends 
2% 0.0012745 

      

Conservation 

effect  
-0.23% 0.0020407 

Table 12 - Group Specific Demand Response Impact and Conservation Effect - Two -way Fixed 

Effects 

  Cycle 27 Cycle 28 Cycle 29 

  
Parameter 

Estimate 

Standard 

Error 

Parameter 

Estimate 

Standard 

Error 

Parameter 

Estimate 

Standard 

Error 

On-peak -5.57% 0.001585 -0.28% 0.001601 -1.28% 0.002002 

Mid -peak -4.50% 0.001428 0.16% 0.001866 -0.89% 0.001714 

Off -peak 

Weekdays 
-1.37% 0.001109 2.01% 0.001435 0.55% 0.001639 

Off -peak 

Weekends 
2.73% 0.001317 1.81% 0.001405 0.60% 0.001922 

              

Conservation effect  -2.39% 0.002779 1.43% 0.002521 -0.15% 0.002179 

To allow the reader to compare these results with those of the OEBSPP and the Hydro One TOU Pilot, 

the results from both of these studies are reproduced in Table 13, below. Neither study reports the 

demand response impact of TOU prices only for any TOU period other than the on -peak. The on-peak 

response was estimated for three different groups in the OEBSPP, only one of which was statistically 

significant and, counter -intuitively indicated that on -peak consumption had risen. The non-statistically 

significant results are not reported below.  
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Table 13 - Demand Response Impact and C onservation Effect Reported by Other Studies  

 
OEBSPP Hydro One TOU Pilot  

On-peak 10.80% -3.70% 

   Conservation Effect  -6.00% -3.30% 

Additional Exploratory Analysis  

As an exploratory analysis, Navigant Consulting  attempted to determine if the reduction in on -peak 

and mid -peak consumption estimated to be a result of TOU rates varied to any degree by season. To 

accomplish this, all of the one-way fixed effects models were re-estimated including two new 

independent v ariables. These new variables are what are sometimes referred to in econometric jargon as 

slope dummies or interaction terms.  These new variables are the product of the TOU dummy and the 

number of cooling degree hours and the product of the TOU dummy and the number of heating degree 

hours.  

As the name suggests, estimates of the parameters attached to these variables are estimates of the 

degree to which the dummy variable and the other independent variable of interest interact. This 

interaction proved to s how an interesting result.  Given the average number of cooling and heating 

degree hours in the winter and summer, the estimates obtained imply that during the summer there is 

almost no reduction in consumption during the mid -peak hours but considerable reduction during the 

on-peak hours and that in the winter there is almost no reduction in consumption during the on -peak 

hours but considerable reduction during the mid -peak hours. 

The reader may observe in Figure 4 below2 that under the current TOU rates, winter on -peak hours 

coincide exactly with summer mid -peak hours and that the summer on-peak hours coincide exactly 

with the winter mid -peak hours.  The TOU schedule over the analysis period was slightly different as 

shown in Figure 4 on page 15, but the following discussion is based on the current TOU periods for 

simplicity and ease of understanding.   

                                                      

2 From the OEB web-site, http://www.oeb.gov.on.ca/OEB/Consumers/Electricity/Electricity+Prices  

http://www.oeb.gov.on.ca/OEB/Consumers/Electricity/Electricity+Prices
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Figure 4 ɬ Current OEB TOU periods  

 

By re-formatting the figure above so that it is linear and super -imposing the estimated reduction in 

winter and summer on-peak and mid-peak period consumption  given the average number of heating 

or cooling degree hours per period the implications of these fi ndings are clear; the majority of the 

reduction in consumption is occurring, in all seasons, in the hours between 11am and 5pm, regardless 

of whether on-peak or mid -peak rates apply..  

Figure 5 ɬ Seasonal Reductions in Consumption  

 

 

Comparability with Results of 2007 NTP TOU Pilot  

The results of this study generally accord with those found previously in the evaluation of NTPɀÚɯ3.4ɯ

pilot; a modest decrease in the consumption of on-peak electricity and an increase in the consumption 

of off -peak electricity. The evaluation of the pilot program found a 1.7% drop in the total consumption 

during the on -peak period and a 1.1% drop in total consumption during the mid -peak period across all 

groups. The pilot evaluation also noted a slight in crease in total off-peak consumption, although unlike 

the current study found that it was mostly concentrated during the weekday off -peak periods rather 

than the weekend. The pilot evaluation also noted a 1.1% increase in the average total energy 

consumpti on for all groups. This number was not tested for its statistical significance, but given the 

small sample size available for the pilot evaluation and the proximity of the estimate to zero, it is likely 

that this number is, as with the conservation effect (or lack thereof) noted above, statistically no 

different than zero.  This study has shown results that are broadly consistent with the findings of the 

0.0% - 2.6% 0.0%
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pilot evaluation but considerably more robust due to much greater sample size and quality of data 

available. 
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SURVEY A NALYSIS  

Concurrent with the econometric analysis undertaken above, NCI sub -contracted a market-research 

firm to conduct a telephone survey of the NTP customers whose consumption data were used to 

estimate the effect of TOU prices. 

The survey was conducted by Northstar Research Partners between November 17th and December 4th, 

2009. In total, surveys were completed by 10% of the customers in the original sample ɬ detail by cycle 

is presented in Table 14 below. This response rate is exceptional.  In past work of this kind Navigant 

Consulting  has found many call -backs are necessary to achieve a response rates of even 5% among 

residential customers in a random survey. 

Table 14 - Survey Completions  

 

Note that while for the duration of the period of analysis Cycle 26 customers were not billed on TOU 

rates by the time the survey was conducted, these customers had been moved over to TOU rates but 

had not yet received their first bill. As such they provide an almost ideal testing ground for how 

attitudes to TOU rates change over time. 

The analysis of the data acquired from the survey is divided into two sub -sections. The first, directly 

below, explores the degree to which BICs ɬ customers with perfect knowledge  of the beginning and 

ending of  all of  the on-peak periods3 ɬ exceed the average response to TOU rates and identifies some of 

the other surveyed traits of this group. Thi s is followed by a brief discussion of the possibilities such a 

group offers to NTP and indeed any party interested in encouraging a positive customer response to 

TOU rates. 

The second sub-section presents more general findings of the survey  and potential implications for 

NTPɀÚɯÌÍÍÖÙÛÚɯÛÖɯÐÔ×ÙÖÝÌɯ3.4ɯÙÌÚ×ÖÕÚÌɯÈÔÖÕÎɯÐÛÚɯÊÜÚÛÖÔÌÙɯÉÈÚÌȭ 

BICs and TOU response 

To test customer knowledge of TOU rates, all survey respondents were asked to identify the various 

times at which ɬ in both summer and winter ɬ the TOU rate changes. In analysing the survey data, each 

ÊÖÙÙÌÊÛɯÙÌÚ×ÖÕÚÌɯÞÈÚɯÎÐÝÌÕɯÈɯɁÔÈÙÒɂɯÖÍɯÖÕÌȭɯ ××ÓÐÌËɯÛÖɯÛÏÌɯÙÌÚ×ÖÕËÌÕÛÚɀ ability to identify the 

                                                      

3 Two periods in winter, one in summer.  

Cycle
Number of 

Respondents

Number of accounts in 

Billing Analysis

Response 

Rate
Date on TOU

26 99 883 11% September 1, 2009

27 75 690 11% December 1, 2007

28 71 840 8% April 1, 2008

29 65 762 9% May 1, 2008

TOTAL 310 3175 10% N/A
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beginning and ending of each TOU period this means that each respondent will get a total score of 

between zero and six. A score of zero means that that respondent could not correctly identify the 

beginning or end of any on -peak TOU period, summer, winter, morning or afternoon.  

When plotted as a frequency diagram (Figure 6, below) this shows a striking result; up to a score of six 

(the best possible result) the results are what one would expect ɬ that is that the number of people in 

each bin appears to be a declining function of ÛÏÈÛɯÉÐÕɀÚɯÚÊÖÙÌȭɯ6ÏÈÛɯÚÛÈÕËÚɯÖÜÛȮɯÏÖÞÌÝÌÙȮɯÐÚɯÛÏÌɯÍÈÊÛɯÛÏÈÛɯ

the number of respondents in the highest scoring bin ɬ those who could identify the beginning and 

ending of all on -peak periods ɬ is not only higher than that of next bin down, but also than that  of the 

bin below that.  

Figure 6 - Ability to Identify On -Peak Period (6 = Perfect Score) 

 

While this could simply be a statistical anomaly resulting from the sample of respon dents surveyed, it 

does suggest that there is a group of consumers who  are particularly  well -informed regarding the TOU 

periods. That is, it suggests that there is a group amongst those surveyed that pays particular attention 

to when the on-peak period begins and ends. To attempt to quantify the degree to which these better-

informed respondents were better able to respond to TOU rates, the estimation of the one-way fixed 

effects models was repeated for a number of different sub-sets of the entire sample. These sub-sets are 

described and shown in relation to one another in Figure 7 below. 
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Figure 7 - Sub-Sets of Whole Sample  

 

BIC TOU Response 

The econometric analysis outlined in the sections above was repeated for each of the subsets defined in 

Figure 7, above using only one-way fixed effects. The dummy pa rameter estimates for the change in on-

peak, mid-peak, off-peak weekday and off-peak weekend, as well as for the conservation effect are 

shown below in  Table 15. As previously, cells that are shaded in red indicate estimates that are not 

significant at the 95% confidence level. 

Table 15 ɬ Parameter Estimates Using Survey-Filtered Sub -Sets 

 

Note that the sample size cited for each sub-set in the table above does not include the 883 accounts of 

the control group, thus even Sub-Set I (a), the BIC group, is actually made up of 900 accounts, a very 

robust sample size for this estimation. 

Two things are clear from this exercise: 

Whole Sample*
(n = 2,292)

Sub-Set I (b): Cannot
identify all on-peak 

periods
(n = 194)

Sub-Set I (a), BICs: Can 
identify all on-peak 

periods
(n = 17**)

Sub-Set II: Non-
Respondents
(n = 2,081)

Sub-Set I: Survey 
Respondents

(n = 211)
*Sample size listed in each 
case does not include 
control group of 883 
accounts.

**Note that although 24 customers surveyed 
achieved a perfect score in identifying on-peak 
periods, seven of these were from Cycle 26 ςthe 
control group ςand so were already included as 
part of the 883 accounts in the control.

Sub-Sample 

Name

Sub-Sample 

Description*
Sample Size** On-peak Mid-peak

Off-peak 

(Weekdays)

Off-peak 

(Weekends)

Conservation 

Effect

Whole Sample Whole Sample 2292 -2.80% -1.39% 0.16% 2.21% 0.66%

Sub-Set I
All Sample Customers 

Surveyed
211 -5.19% -3.80% 1.97% 5.27% 1.55%

Sub-Set II
All Sample Customers 

Not Surveyed
2081 -2.55% -1.17% 0.05% 2.01% 0.71%

Sub-Set I (a)
Best Informed 

Customers (BICs)
17 -15.60% -13.68% 0.98% 8.13% -5.16%

Sub-Set I (b)
All Non-BIC 

Customers Surveyed
194 -4.25% -2.95% 2.07% 5.09% 2.17%

*All sub-sets include the control group ** Not including control group of 883 accounts
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1. The NTP customers that agreed to answer the telephone survey have a better response to 

TOU rates than the average. This could be pure chance, or it could indicate that those better 

disposed to TOU rates (and thus more likely to have a positive behavioural response to the 

rate change) are more ready to discuss such rates on the telephone with a stranger for twenty 

minutes than customers that are indifferent. This self -selection bias should be borne in mind 

when considering all other survey responses cited in this study  and when comparing these 

results across other study surveys relying on self-selected recruitment. 

2. BICs appear on average to have a considerably stronger response to TOU rates than the rest 

of the customer population.  

It is clear then that there is a strong correlatiÖÕɯÉÌÛÞÌÌÕɯÈɯÊÜÚÛÖÔÌÙɀÚɯÒÕÖÞÓÌËÎÌɯÖÍɯÞÏÌÕɯÛÏÌɯ×ÌÈÒɯ

periods are and his or her ability to shift demand away from them. It is unclear, however in which 

direction the causation flows ɬ is it that better informed customers are better at shifting, or is it that  

customers more interested in shifting are better informed? Likely it is some combination of both ɬ 

knowledge of the TOU periods is clearly a pre -condition to efficient shifting, and a desire to shift or 

conserve energy is likely a sufficient ɬ though not necessary ɬ condition for the acquisition of 

knowledge of the TOU periods.  

Other BIC Household Characteristics  

Having identified that a sub -set of customers exist that tend to have an above average response to TOU 

rates, Navigant Consulting  explored what , if any, other characteristics covered by the survey are 

common to this group. Caution must be exercised, however, in applying any of the following results to 

other jurisdictions or programs . 

Surprisingly, none of the BICs in the sample have either electric space or water heating, although given 

the very high natural gas fuel share in NTPɀÚɯÛÌÙÙÐÛÖÙàɯÛÏÐÚɯÚÏÖÜÓËɯÕÖÛɯÉÌɯÛÖÖɯÚÜÙ×ÙÐÚÐÕÎȮɯÐÛɯËÖÌÚɯÐÕËÐÊÈÛÌɯ

that natural gas space heating does not preclude significant demand shifting. 

Equally surprisingly, BICs appear to be about as likely to have participated in some kind of energy 

conservation program as the rest of the population, and they tend to be only a little  more likely to have 

programmable thermostats than the rest of the population (see Figure 8, below). 
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Figure 8 - Incidence of Programmable Thermostat Ownership  

 

Likewise, although BICs appear to have a higher incidence of central air-conditio ner ownership than 

the rest of the sample, the difference may simply be due to random sample variation (see Figure 9, 

below). 

Figure 9 - Incidence of CAC Ownership  

 

The survey also reveals that BIC households are more likely to have one or more residents that spend at 

least three days during the work week (i.e. during the on -peak or mid -peak hours) at home (see Figure 

10, below).  
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Figure 10 - Incidence of Workweek Occupancy  

 

Although no data regarding the ages of respondents was collected, the ages of those occupants who 

spent at least three days of the workweek at home during workdays was. This distribution is presented 

in below. From this it may be inferred that the age of BIC respondents was relatively representative of 

the age distribution with the surveyed sample as a  whole , although there does appear to a slight skew 

among BIC respondents towards older workweek occupants . 

Figure 11 ɬ Age Distribution of Workday Occupants  

 

BICs do not appear to differ very much in the degree of educational att ainment by household either, 

although they appear to tend to have fewer occupants for whom high school is the highest degree of 

educational attainment (see Figure 12). 
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Figure 12 - Level of Educational Attainment  

 

The BIC Opportunity  

The econometric analysis of the sub-sets presented above appears to indicate the possibility of two 

opportunities for NTP to increase TOU response amongst its customer base: 

1. Make more of the customer base like the survey sample.  

Since the survey sample has been shown to be composed of customers who, on average, exceeded the 

reduction in consumption of the majority of the sample, bringing the rest of the customer population up 

to this level could significantly reduce on -peak and mid-peak consumption. The problem however is 

that the characteristics (other than consumption profiles) of the rest of the sample are, by definition 

unknown making this opportunity impossib le to pursue. 

2. Make more of the customer base like the BIC respondents.  

BICs have been identified as customers with a perfect knowledge of when on-peak periods begin and 

end and have been shown to have reduced their consumption on-peak and mid-peak considerably 

more than the average. Unfortunately, given the small sample size, these are the only two 

characteristics of these customers of which we can be reasonably certain. Nonetheless, what is known 

about these customers suggest that they represent a significant opportunity for NTP and policy -makers 

interested in increasing customer response to TOU rates. Clearly, the aggregate customer response to 

TOU rates can be improved by increasing the ratio of BICs to the rest of the population. Two 

approaches suggest themselves.  

The motivation for BICs ÔÜÚÛɯÉÌɯÌÐÛÏÌÙɯ×ÌÊÜÕÐÈÙàɯÖÙɯɁÎÙÌÌÕɂ. It is generally recognized that consumers 

ÞÐÓÓɯÉÌɯÔÖÙÌɯÞÐÓÓÐÕÎɯÛÖɯÈËÖ×ÛɯɁÎÙÌÌÕɂɯÉÌÏÈÝÐÖÜÙÚɯwhen those behaviours, or the results thereof, may be 

observed by their peers. Although the cost differential between paying 5 cents for a single disposable 

grocery bag or two dollars for a canvas one are (over time, at least) negligible, the canvas bags advertise 

ÛÏÌɯÊÈÙÙÐÌÙɀÚɯÌÕÝÐÙÖÕÔÌÕÛÈÓɯÝÐÙÛÜÌȭɯ 
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 ÓÛÏÖÜÎÏɯ3.4ɯÙÌÚ×ÖÕÚÌɯÔÈàɯÉÌɯÎÌÕÌÙÈÓÓàɯÙÌÎÈÙËÌËɯÈÚɯÈɯɁÎÙÌÌÕɂɯÉÌÏÈÝÐÖÜÙɯÛÏÌÙÌɯÐÚɯÕÖÛɯÊÜÙÙÌÕÛÓàɯÈÕàɯ

way for customers tÖɯÈËÝÌÙÛÐÚÌɯÛÏÌɯÍÈÊÛɯÛÏÈÛɯÛÏÌàɯÈÙÌɯÈÕàɯɁÎÙÌÌÕÌÙɂɯȹÐȭÌȭɯÚÏÐÍÛɯÖÙɯÊÖÕÚÌÙÝÌɯÔÖÙÌȺɯÛÏÈÕɯ

their neighbours. A well -thought out publicity campaign to publicly recognize cooperative BICs, 

perhaps in conjunction with some on -ÎÖÐÕÎɯÊÖÔ×ÌÛÐÛÐÖÕɯÍÖÙɯɁÔÖÚÛɯÙÌËÜÊÌËɯÖÕ-peak consumption of the 

ÔÖÕÛÏɂɯÊÖÜÓËɯÛÈÒÌɯÈËÝÈÕÛÈÎÌɯÖÍɯÛÏÌÚÌɯÚÖÊÐÈÓɯ×ÙÌÚÚÜÙÌÚȭɯ 

The second opportunity is in some ways less direct. These BICs represent potentially valuable allies to 

NTP in encouraging the wider customer base to adopt BIC strategies and behaviours. Studies of 

ÊÖÕÚÜÔÌÙɯÊÏÖÐÊÌɯÛÌÕËɯÛÖɯÈÎÙÌÌɯÛÏÈÛɯÐÛɯÐÚɯÛÏÌɯÖ×ÐÕÐÖÕÚɯÖÍɯÈɯÊÖÕÚÜÔÌÙɀÚɯ×ÌÌÙÚɯÙÈÛÏÌÙɯÛÏÈÕɯÈËÝÌÙÛÐÚÐÕÎɯÖÙɯ

even third -×ÈÙÛàɯÙÌÝÐÌÞɯÛÏÈÛɯÔÖÚÛɯÐÕÍÓÜÌÕÊÌɯÈɯÊÖÕÚÜÔÌÙɀÚɯÊÏÖÐÊÌɯÖÍɯÈɯ×ÙÖËÜÊÛɯÖÙɯÚÌÙÝÐÊÌȭɯ(ÍɯBICs can be 

publicly acknowledged as dis cussed above, there is an opportunity for NTP to co-opt these BICs as 

Ɂ3.4ɯ ÔÉÈÚÚÈËÖÙÚɂɯÛÖɯÌÕÊÖÜÙÈÎÌɯÎÙÌÈÛÌÙɯ3.4ɯÙÌsponse amongst their peer group, ideally selecting 

one or more from each of the most significant demographic groups in the Newmarket service area. 

Although it is regrettable that the small sample size and the limits on the scope of this study preclude 

any very robust exploration of the possibilities and characteristics of this BIC demographic, there 

appears to be sufficient evidence to warrant greater investigation of this potential in future research.  

Other Survey Findings  

The BICs identified above are remarkable in that they could identify both the beginning and ending 

times of all on-peak periods (summer and winter), however these BICs make up only 8% of the 

customers who responded to the survey. Fortunately, it appears that despite the general inability of 

survey respondents to correctly identify the time -span of all on-peak periods, the beginning or ending 

of each on-peak period could be id entified correctly by between 20% and 40% of respondents. 

6ÏÐÓÌɯÛÏÌÙÌɯÐÚɯÊÓÌÈÙÓàɯÞÖÙÒɯÛÖɯÉÌɯËÖÕÌɯÛÖɯÐÔ×ÙÖÝÌɯÐÕËÐÝÐËÜÈÓÚɀɯÙÌÊÈÓÓɯÖÍɯÛÏÌɯÖÕ-peak periods, customers 

as a whole appear to have a reasonable level of recall of when on-peak periods begin and end.  Table 16, 

below shows the percent of survey respondents who correctly identified each beginning or ending time 

of the on-peak period as well as the percent of survey respondents that identified an incorrect 

beginning or ending time that was within one hour or within two hours of the correct time.  
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Table 16 - Survey Respondent Recall of On -Peak Periods 

 

If it is understood that the sine qua non of demand shifting and TOU response is knowing when the 

TOU periods ɬ in particular the on -peak period ɬ occur, Table 16 allows to estimate an upper bound for 

the percent of customers that are knowingly  responding to TOU rates. On average, 36% of survey 

respondents could come within two hours of identifying the beginning or end time of the summer on-

peak period and 51% could come within two hours of identifying the beginning or ending of either the 

morni ng or afternoon winter on-peak periods. 

It is interesting to note that the period which survey respondents consistently had the greatest difficulty 

identifying was the start of the summer on -peak period. For all other periods, incorrect answers were 

relati vely evenly distributed throughout the day, however for the start of the summer on -peak period, 

14% of respondents said that it occurred at 7am rather than 11am. No other incorrect answer for any of 

the other on-peak periods occurred with similar consisten cy. 

It is unclear why customers so frequently identified 7am as the start of the on -peak period in the 

summer, although two possibilities suggest themselves. First, it could be the result of previous 

provincial and utility efforts at TOU awareness which sp lit the day into only two periods, on -peak and 

off. The second, more likely, possibility is that respondents were confusing winter on-peak times with 

summer (recall that the morning winter on -peak period begins at 7am).  

Encouragingly, however, nearly half  of the survey respondents could identify how many TOU periods 

there are during the winter  months, and more than half of survey respondents could identify how 

many TOU periods there are during the summer months (see Figure 13, below). 

Correct
Within 1 

hour

Within 2 

hours 

More than 

2 hours 

off/didn't 

know

Start of On-Peak 19% 27% 32% 68%

End of On-Peak 26% 33% 41% 59%

Start of AM On-Peak 40% 57% 64% 36%

End of AM On-Peak 31% 43% 46% 54%

Start of PM On-Peak 34% 50% 55% 45%

End of PM On-Peak 21% 33% 42% 58%

Average 28% 40% 46% 54%

Summer Average 22% 30% 36% 64%

Winter Average 31% 46% 51% 49%

Summer

Winter

% are cumulative
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Figure 13 - Survey Respondents Ability to Identify Number of TOU Periods  

 

Survey respondents were asked a number of questions regarding the materials provided to them by 

NTP to help them identify and respond to the TOU periods. In particular respondents were asked both 

what materials they recalled receiving and, of the materials they recalled receiving, which was most 

useful to them in understanding TOU rates.  

Cross-tabulating the responses of those surveyed who correctly identified the beginning or ending of 

the on-peak period in either summer or winter with the information tha t respondents had identified as 

being most helpful in understanding TOU rates shows unequivocally that the better -informed 

customers found the decal provided by NTP to be the most useful piece of information. As may be 

observed below, on average 63% of those who correctly identified the beginning or ending of the on -

peak periods in summer or winter most preferred the decal.  

Figure 14 - Information  Most Helpful in Understanding TOU Rates Provided to Respondents  

 

The result above suggests that the TOU decal is likely the most successful communication tool used by 

NTP in terms of informing customers about the times of TOU periods. It is striking therefore that nearly 

half of the respondents could not remember receiving it (see Figure 15, below). 

Summer

Successfully Identify Number of TOU Periods

Cannot Identify Number of TOU Periods

Winter

Successfully Identify Number of TOU Periods

Cannot Identify Number of TOU Periods

Sticker/Decal 

Showing TOU 

Periods

FAQ Brochure

All Other 

Communications/

Don't Know

% below indicate the distribution of answers within the sub-group that 

correctly identified start/end time of the on-peak period shown at left

Start of On-Peak 68% 22% 10%

End of On-Peak 56% 31% 13%

Start of AM On-Peak 54% 36% 11%

End of AM On-Peak 66% 26% 8%

Start of PM On-Peak 65% 26% 9%

End of PM On-Peak 69% 22% 8%

Average 63% 27% 10%

Summer

Winter
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Figure 15 - Communication Tools That Respondents Recall Receiving  

 

This lack of recall of receiving the decal within the general sample, the indication that the better -

informed customers most prefer this communication tool and the observation above that there appears 

to be considerable confusion amongst the respondents between the beginning of on -peak in summer 

and winter all suggest that providing customers with a new decal at the beginning of each season 

(winter and summer) could improve overall customer knowledge of on -peak periods. While such 

improved knowledge would n ot guarantee an overall improved customer response to TOU rates, it is 

necessary prerequisite to improved customer response. 

Survey respondents were also asked to provide input on how they felt about TOU rates in general. 

Respondents were asked whether they agreed that TOU rates are an appropriate way to incent 

customers to shift demand or conserve energy and whether they felt that they were paying more, less or 

the same as they had been before the implementation of TOU rates. In this case, dividing the responses 

into two groups allows for an exploration of how such attitudes change over time. Cycle 26, used as the 

control group in the econometric analysis, only became subject to TOU rates on September 1st, whereas 

the respondents from the other three cycles would have become subject to TOU rates much earlier ɬ 

May of 2008 at the very latest. 

It seems likely then, given the manner in which the responses of Cycle 26 respondents differed from 

those of respondents from all other cycles, that over time, as customers become more accustomed to 

TOU rates, they also come to agree with the statement that TOU prices are an appropriate way to 

encourage customers to shift their demand and conserve energy (see below).  
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Figure 16 ɬ Survey Response to Appropriateness of TOU Rates to Encourage Shifting and 

Conservation  

 

Likewise, survey responses from Cycle 26 indicate that very few (less than 10%) believed that they were 

paying less for their electricity than they had previous to the implementation o f TOU rates, and over 

ƖƔǔɯÞÌÙÌÕɀÛɯÚÜÙÌȮɯÞÏÌÙÌÈÚɯÍÖÙɯÛÏÌɯÖÛÏÌÙɯÊàÊÓÌÚɯÞÐÛÏɯÔÖÙÌɯÌß×ÌÙÐÌÕÊÌȮɯÛÏÌɯÚÐÛÜÈÛÐÖÕɯÞÈÚɯthe reverse with 

approximately a third of respondents indicating that they believe that they are paying less than before 

and fewer than 10% who didÕɀÛɯÒÕÖÞɯȹÚÌÌɯÉÌÓÖÞȺȭ 

Figure 17 ɬ Respondent Belief Regarding Change in Electricity Bill Since Becoming Subject to TOU 

Rates 

 

While these results are encouraging from the perspective of evolving public acceptance of TOU rates 

there are indications that TOU rates are regarded with some cynicism by the public. Over a third of 
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respondents indicated (see below) that they believed that TOU rates were, at least in part, being 

implemented as a way to increase the revenues of local distribution companies (LDCs). It is impossible 

to know how virulent such cynicism is and ÏÖÞɯÔÜÊÏɯÐÛɯÔÐÎÏÛɯÈÍÍÌÊÛɯÈɯÊÜÚÛÖÔÌÙɀÚɯÞÐÓÓÐÕÎÕÌÚÚɯÛÖɯÚÏÐÍÛɯ

demand or conserve energy ɬ but the fact that a clear majority understand that TOU rates are a tool to 

encourage conservation and shifting 4 would seem to indicate that it is an idle rather than an active 

cynicism. Given the monopolistic position of LDCs, it is likely analogous to cynicism popularly felt 

regarding gasoline prices. While not an immediate concern for NTP, correcting this public 

misunderstanding of the purpose of TOU rates will likely pay long -term dividends in terms of public 

participation in TOU response and acceptance of TOU rates. 

Figure 18 ɬ 1ÌÚ×ÖÕËÌÕÛÚɀɯ.×ÐÕÐÖÕÚɯ1ÌÎÈÙËÐÕÎɯÛÏÌ Purpose of TOU Rates 

 

Other Quantitative Survey Analysis Attempted.  

In designing the survey for this study, Navigant Consulting included a battery of questions to isolate 

household changes occurring in the period of analysis which would have a significan t impact on 

household consumption. These included questions regarding the number of members of the house 

(whether any had joined or left in the period of observation), fuel switching (from electric to natural gas 

for space and water heating and vice versa) as well as questions regarding major changes in 

ÙÌÚ×ÖÕËÌÕÛÚɀɯËÈÐÓàɯÙÖÜÛÐÕÌÚɯɬ for example, had anyone retired or changed working shift.  

It  was hoped that the answers to these questions would allow Navigant Consulting  to control for 

exogenous changes in consumption on an individual level  and thus estimate the TOU effect on 

individual time series of consumption data, net of household consumption changes unrelated to TOU 

pricing. It was hoped that if the TOU effect could reliably be estimated on an individual  level, this 

(cross-sectional) series of parameter estimates of the TOU effect could then be used as the dependent 

variable, regressed on a variety of household characteristics. That is, it was hoped that a more 

                                                      

4 Note that these opinions are not mutually exclusive. Some respondents believe both that TOU rates are designed to 

encourage conservation and shifting and are meant to increase LDC revenues. 
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quantitative approach to identifying the cha racteristics of customers with a strong TOU response could 

be used. For example, it was thought that it might be possible to test the relationship between those 

customers who favoured the decal and their change in consumption.  

Unfortunately even after cont rolling for the exogenous changes in consumption discussed above, there 

remained too much random variation within the data to produce credible or statistically significant 

results. It was concluded the approach above, a two-step regression, would only yiel d strong results if 

data were available on daily participant behaviours ɬ that is if respondents were to keep daily diaries 

which could be translated into useable regressors. 

Although no very robust results were obtained from this analysis , it was felt tha t it would be valuable 

to discuss what had been attempted in case future researchers wish to explore this method of analysis.  



 

 

The Ef fec t s  Of  T ime -Of -Use Ra tes On Resident ia l  E lec t r i c i t y  Consumpt ion   31 

CONCLUSIONS  

The three principal objectives of this study were to:  

1. Estimate the degree to which the introduction of TOU rates had encouraged residential consumers 

to shift their consumption away from the on -peak period. 

2. Estimate the degree to which the introduction of TOU rates had encouraged residential consumers 

to reduce their consumption of all electricity ɬ the conservation effect. 

3. Use survey data obtained from NTP customers whose consumption data had been used to achieve 

the first two objectives to identify opportunities for improving residential TOU response; shifting 

away from on -peak and mid-peak periods toward off -peak periods. 

Objective 1: Demand Shifting  

The overall impact that TOU prices have had on three groups of NTP customers are modest, but 

significant; households appear to have, overall, shifted their consumption away from the on -peak and 

mid -peak periods to off-peak weekends. Just as significant, it appears that they are not, overall, shifting 

their consumption to ward off -peak weekdays as a result of TOU prices. 

Objective 2: Conservation Effect  

Navigant Consulting detected no statistically significant conservation impact as a result of the 

introduction of TOU rates . This result is not surprising. The entire purpose of TOU rates is to encourage 

consumers to shift demand rather than reduce their overall consumption. Conservation comes about as 

a result of households acquiring more efficient electricity -consuming devices, acquiring other measures 

which reduce their need for those devices or from pure behavioural change. The incremental financial 

impact of TOU over tiered rates alone is too small to (for most energy efficiency measures) make the 

first two options any more attractive than they would otherwise have been in  terms of payback. 

Experience has shown that for behavioural changes to have a significant impact on energy conservation 

(or, indeed, any other activity) they require a considerable amount of time to acquire societal inertia. It 

is possible that as TOU rates become more common-place (i.e. affect a considerable proportion of the 

population) behavioural changes as a result of TOU rates could lead to a net conservation effect, but, for 

the Newmarket sample over the study period at least, this is not yet the case. 

Objective 3: Opportunities to Improve TOU Response and Customer Attitudes to TOU  

The principal quantitative result of the survey analysis was to confirm that the impact of TOU rates on 

the consumption patterns of BICs is significantly stronger than on the population in general. Although, 

due to the small sample size of the BICs, it is difficult to conclusively identify any characteristics that 

define this group other than their exceptional response to TOU rates, it is clear that the existence of this 

group offers significant opportunities for NTP to improve overall customer response to TOU rates.  

!àɯÈÊÛÐÝÌÓàɯÌÕÎÈÎÐÕÎɯÞÐÛÏɯ!("ÚɯÈÕËɯ×ÌÙÏÈ×ÚɯÖÍÍÌÙÐÕÎɯÛÏÌÔɯ×ÜÉÓÐÊɯÙÌÊÖÎÕÐÛÐÖÕɯÈÚɯɁÎÙÌÌÕɂɯÊÐÛÐáÌÕÚɯ-3/ɯ

could conceivably increase the willingness of the rest of its customer base to engage in TOU response as 

×ÖÚÐÛÐÝÌɯɁÎÙÌÌÕɂɯÈÊÛÐÖÕȭ 
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Additionally, it is clear that customers will, other things equal, reduce consumption more on -peak and 

mid -peak when they are aware of when those periods are and that the best tool currently employed to 

communicate this information is also in many ways the simplest ɬ the decal or sticker indicating the 

TOU periods. Given the confusion between the beginning of the on-peak period in winter and summer 

that was observed, and the fact that overall only half of the respondents could remember receiving the 

decal, it would be advisable for NTP to provide its customers with a new decal on a seasonal basis. 

Finally, a strong correlation was observed between the length of time customers were subject to TOU 

rates and the degree to which they felt positive about them. Far fewer customers who had recently 

become subject to TOU rates felt that they were paying less under the TOU regime than customers that 

had been subject to them for more than a year. More customers who had been subject to TOU rates for 

longer felt that they are an appropriate way to encourage consumer energy conservation and demand 

shifting.  
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A PPENDIX A  ɬ M ODEL D ETAILS  

Demand Response Impact ɬ Individual fixed effects  

All individual fixed effects models were estimated using STATA 10, and tested using a robust 

ɁÚÈÕËÞÐÊÏɂɯÌÚÛÐÔÈÛÖÙɯÛÖɯÖÉÛÈÐÕɯÚÛÈÕËÈÙËɯÌÙÙÖÙÚȭ 

Model A1: 

To estimate the demand response impact of TOU prices in all non-holiday weekday TOU periods, the 

following model was estimated : 

 

Where: 

 is the natural logarithm of consumption for customer i during the on -peak/mid -

peak/off -peak hours of day t5. 

 is the individual household level fixed effect.  

 is the error for household i, in day of sample t 

,  and  are the percentage change in weekday consumption  during on -peak/mid -

peak/off -peak hours due to TOU rates for the three experimental groups 

 is the number of cooling degree hours during the on -peak/mid -peak/off -peak period 

of day t 

 is the number of heating degree hours durin g the on-peak/mid -peak/off -peak period 

of day t 

 is a dummy equal to one if day t is a public holiday or a weekend and zero 

otherwise 

 is the percentage change in consumption during on-peak/mid -peak/off -peak hours due 

to an additio nal cooling degree hour in the weekday on -peak/mid -peak/off -peak period 

 is the percentage change in consumption during on-peak/mid -peak/off -peak hours due 

to an additional heating degree hour in the weekday on -peak/mid -peak/off -peak period  

 is the percentage change in consumption during on-peak/mid -peak/off -peak hours due 

to a day being a holiday or weekend 

,  and  are all dummy variables. These dummies all calculated in 

the following manner (example for  only):  

 

Where: 

                                                      

5 Note that this includes weekends. Although all hours during t ÏÌɯÞÌÌÒÌÕËɯÖÙɯÏÖÓÐËÈàɯÈÙÌɯÊÖÕÚÐËÌÙÌËɯɁÖÍÍ-×ÌÈÒɂɯÍÖÙɯÉÐÓÓÐÕÎɯ

purposes, for estimation of this model all hours during weekends and holidays were also divided into the three periods.  
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 is a dummy equal to one if household i is in Cycle 27 and zero otherwise 

 is a dummy equal to one if by day t that experimental group or cycle has 

been switched from tiered to TOU rates and zero otherwise 

 is a dummy equal to one if day t is a non-holiday weekday.  

Model A2: 

To estimate the demand response impact of TOU prices on weekend and holiday off-peak 

consumption, the following model was  estimated: 

 

Where: 

 is the natural logarithm of total consumption for customer i on day t. 

 is the individual household  level fixed effect. 

 is the error for household i, in day of sample t 

,  and  are the percentage change in weekend and holiday consumption  due to TOU 

rates for the three experimental groups 

 is the total number of cooling degree hours on day t 

 is the total number of heating degree hours on day t 

 is a dummy equal to one if day t is a public holiday or a weekend and zero 

otherwise 

 is the percentage change in daily consumption due to an additional cooling degree hour.  

 is the percentage change in daily consumption due to an additional heating degree hour.  

 is the percentage change in daily consumption due to a day being a holiday or weekend 

,  and  are all dummy variables. These dummies all calculated in 

the following manner (example for  only):  

 

Where: 

 is a dummy equal to one if household i is in Cycle 27 and zero otherwise 

 is a dummy equal to one if by day t that experimental group or cycle has 

been switched from tiered to TOU rates and zero otherwise 

 is a dummy equal to one if day t is a holiday or  weekend. 

Model A3 

In addition to estimating the impact of TOU rates on the three experimental groups individually, NCI 

estimated the weekday demand response impact of TOU rates on the aggregate sample of customers 

affected. To estimate the overall demand response impact of TOU rates on all the weekday on-

peak/mid -peak/off -peak consumption of all customers, the following model was estimated:  
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Where: 

 is the percentage change in weekday consumption  during on -peak/mid -peak/off -peak 

hours due to TOU rates for all three experimental groups  

 is a dummy variable calculated in the following manner:  

 

Where: 

 is a dummy equal to one if by day t household i has switched from tiered 

to TOU rates and zero otherwise. 

 is a dummy equal to one if day t is a non-holiday weekday.  

All of the rest of the variables for model A3 are defined the same way as they are for model 

A1. 

Model A4 

This model follows the same exercise as model A3; it is used to estimate the weekend demand response 

impact of TOU rates on the aggregate sample of customers affected. The following model was 

estimated: 

 

Where: 

 is the percentage change in weekend and holiday consumption  due to TOU rates 

 is a dummy variable calculated in the following manner:  

 

Where: 

 is a dummy equal to one if by day t household i has switched from tiered 

to TOU rates and zero otherwise. 

 is a dummy equal to one if day t is holiday or weekend and zero 

otherwise 

All of the rest of the variables for model A4 are defined the same way as they are for model 

A2. 

Conservation Effect ɬ Individual fixed effects  

Model B1 

 To estimate the conservation effect of TOU prices, the following model was estimated: 

 

Where:  

 is the natural logarithm of total consumption for customer i during week t 
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 is the individual household level fix ed effect. 

 is the error for household i, in week of sample t 

,  and  are the percentage change in weekly consumption  due to TOU rates for the 

three experimental groups 

 is the number of cooling degree hours in week t 

 is the number of heating degree hours in week t 

 is the number of non-weekend holidays that occur in week t 

 is the percentage change in total weekly consumption due to an additional weekly 

cooling degree hour  

 is the percentage change in total weekly consumption due to an additional weekly 

heating degree hour 

 is the percentage change in weekly consumption due to an additional holiday occurring 

during the week  

,  and  are all dummy variables. These dummies all calculated in 

the following manner (example for  only):  

 

Where:  

 is a dummy equal to one if household i is in Cycle 27 and zero otherwise 

 is a dummy equal to one if by week t that experimental group or cycle has 

been switched from tiered to TOU rates and zero otherwise 

Model B2 

As with the demand response impact, in addition to estimating the magnitude of the conservation effect 

on each individual experimental group, NCI estimated the magnitude of the conservation effect for the 

aggregate sample of all those on TOU rates. The following model was estimated: 

 

Where: 

 is the percentage change in weekly consumption  due to TOU rates 

 is a dummy equal to one if by week t household i has been switched from tiered 

to TOU rates and zero otherwise 

All the rest of the variables for model B2 are defined in the same way as for model B1. 

 

Demand Response Impact ɬ Two -way fixed effects  

Although NCI is confident that the individual fixed effects used to estimate models A1 ɬ 4 and B1 and 

B2 provide a more accurate estimate of the true impact of TOU prices on demand response and energy 
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conservation by explicitly controlling for the time -variant drivers - particularly holidays and weekends 

ɬ of electricity demand, NCI has, to allow a greater degree of direct comparison between studies also 

estimated demand response and conservation impacts using two-way fixed effects. The models used 

are presented below. 

All two -way fixed effects models were estimated using the a2reg  STATA module 6 and standard 

errors were computed by bootstrapping.   

Model C1 

To estimate the demand response impact of TOU prices in all non-holiday weekday TOU periods using 

two -way fixed effects, the following model was estimated:  

 

Where: 

 is the natural logari thm of consumption for customer i during the on -peak/mid -

peak/off -peak hours of day t. 

 is the individual household level fixed effect.  

 is the day of sample level fixed effect 

 is the error for household i, in day of sample t 

,  and  are the percentage change in weekday consumption  during on -peak/mid -

peak/off -peak hours due to TOU rates for the three experimental groups 

,  and  are all dummy variables. These dummies all calculated in 

the follow ing manner (example for  only):  

 

Where: 

 is a dummy equal to one if household i is in Cycle 27 and zero otherwise 

 is a dummy equal to one if by day t that experimental group or cycle has 

been switched from tiered to TOU rates and zero otherwise 

 is a dummy equal to one if day t is a non-holiday weekday.  

Model C2 

To estimate the demand response impact of TOU prices on weekend and holiday off -peak consumption 

using two -way fixed effects, the following model was estimated:  

 

Where: 

 is the natural logarithm of total consumption for customer i on day t. 

                                                      

6 Ouazad, Amine, (2008),  A2REG: Stata module to estimate models with two fixed effects, Statistical Software Components, Boston 

College Department of Economics 




