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Abstract 
This study evaluates the impact of interventions aimed at reducing residential electricity consumption during peak load days. The main intervention will increase the price of consuming electricity in the afternoon and early evening on 10 selected days in the period November 2019-April 2020. These days will be announced by text messages. The text messages will further ask participants to reduce consumption to try to reduce electricity consumption if possible. The group assigned to this intervention will be compared to an intervention group assigned to receiving similar information that a peak load day is upcoming, but that will face no price changes, and a control group. Starting from peak load day 4, a subset of customers in the two intervention groups will also receive information about their consumption relative to their neighbors on peak load days. 


Introduction

The Research and societal context of the project. 

To reach the Paris agreement on climate policy, our energy-consumption needs a rapid change away from fossil fuel. Two ways to achieve this are: (1) use less energy, and (2) switch to renewables sources. Available alternative sources of energy are mainly wind and solar. The challenge with the intermittent nature of these sources is to store electricity to balance the load[footnoteRef:4] adequately. Storing electricity is very expensive, delaying further growth in renewables. A promising way to circumvent the need for such storing devices is to balance the grid at the consumer level (Berkeley, 2002) (Pollitt, Shaorshadze, Pollitt, & Shaorshadze, 2013). (Hledik, 2014);(Faria & Vale, 2011)(Bartusch, Wallin, Odlare, Vassileva, & Wester, 2011), (Nolan, Schultz, Cialdini, Goldstein, & Griskevicius, 2008); (Janda & Moezzi, 2013) (Mohsenian-Rad, Wong, Jatskevich, Schober, & Leon-Garcia, 2010) (Adika & Wang, 2014).  [4:  Load balancing refers to the use of various techniques to store excess electrical power during low demand periods for release as demand rises.] 


Shifting the load at the consumer level

The most efficient way to move the load at the consumer level in Norway is to change the timing of when consumers charge their electric vehicles, use their water heaters and use their electrical heating. Shifting load away from the peak is thus a multidimensional challenge, however, putting the right economic incentives in places can enable consumers to achieve the desired outcome on their own. 

Reducing peak consumption can reduce welfare, e.g. through a lower indoor temperature, or the hassle of adjusting when to charge an electric car. Most drives are quite short and do not require a full battery, however, range anxiety is also a cost, limiting the utility of this option. Keeping track of how much driving range one needs at different times is also time-consuming. 


Experimental design 

Institutional setting

Residential electricity consumers in Norway must be customers both of the utility managing the electric grid in their residential area, to whom they pay a “grid rental charge,” and of a company supplying the actual electricity. The grid rental charge usually consists of two main components: A fixed yearly fee and an “energy charge” that depends on how much electricity is consumed, typically a fixed charge per kilowatt-hour.[footnoteRef:5] The energy charge is somewhat higher in the winter (November-April), but does not otherwise vary with time.  [5:  There are also some, smaller government taxes levied as part of the rental grid charge. ] 


The grid utility is required to be able to deliver electricity at all times, thus the total capacity of the grid is determined by the peak times of the year. These peak times typically occur in the afternoon on the coldest days of the winter. As none of the components of the grid rental charge varies by day or hour, it does not give customers an incentive to consume less at peak times. 

One way of providing such an incentive would be to let the energy charge vary by time such that the market clears, i.e. such that demand adjusts to the fixed, total supply. However, this is ruled out as too unpredictable for consumers by the regulatory agency. Solutions based on charging customers by their maximum consumption at an individual level are ruled out for the same reason. Charging a higher price per kWh consumed at (predicted) peak load times represents a simple and predictable alternative. 

First random assignment: Price, information and control groups

Residential electricity customers are randomly assigned to one of three groups. We will call these the price, information or control group, respectively. 

The price group
Prior to the start of the experiment, the price group will get an e-mail explaining that reducing peak load is desirable in order to reduce the investments needed to enlarge the grid. The e-mail will also say that the alternative is a higher rental grid charge to finance the investments. Then, the e-mail will provide the details about the pricing scheme the customer will face the coming winter and that they will be notified by text messages the day prior to each peak load event. Customers will have the opportunity to withdraw from participating (opt-out) if they contact the utility after receiving the e-mail.  

The main intervention will increase the price of consuming electricity in the afternoon and early evening on 10 selected days in the period November 2019-April 2020. These days, which are predicted to be high load days, will be announced the day before by text messages. The text messages will state that the energy charge will increase to 7.5 NOK/kWh the next day in the time period 16-22 and that consumers can save money by reducing consumption. 

The day after the peak load day, the customer will get a text message informing about how much the customer actually used and what the grid rental charge amounted to. 

The information group
The information group will also get an e-mail prior to the experiment. This e-mail will only include the information for why reducing the peak load is desirable and that peak load days will be announced by text messages the coming winter. 

The day before a peak load day, the information group will get a text message informing that a peak load day is upcoming. The text message will suggest reducing consumption in the time period 16-22 if possible. The information group will also get a text message the day after, informing about how much the customer actually used.

Figure X. Text messages to the price and information groups before and after a peak load day. 

The control group
The control group does not receive any information or price changes. 


Second random assignment: Social comparison nudge

Starting from peak load day 4, the text messages to 1/3 of the price and information groups announcing that the next day will be a peak load day will include information about the customer’s electricity consumption relative to their neighbors on the previous peak load day. The text message the day after will provide this information for the peak load day the day before. We call this information the social comparison nudge. 

1/3 of the customers in the price and information groups will receive the social nudge. Starting from peak load day 7, a further 1/3 of these groups will be included. Thus, in events 7-10, 2/3 of the price and information groups will receive the social nudge. 


Figure X. Text messages to the price and information groups with social nudge before and after a peak load day. 

Data and variables

The sample

We will study residential electricity customers of Ringerikskraft Nett, a grid utility with around 22 000 customers in the municipalities Ringerike and Hole in the Southeast of Norway. Of all their registered electricity meters, we have kept meters satisfying all of the following criteria: 
· Total electricity consumption in 2018 above 2 000 kWh and below 50 000 kWh. 
· Mobile phone number available. 
· Meters with only one customer registered. 
· Customers with only one meter. 

This has resulted in a sample of 11 712 meters. 

Main dependent variable

Log of hourly electricity consumption in and outside of the treatment window (16-22). 



Main independent variables

Treatment variables: We will define the treatment variables as indicator variables taking the value 1 for individuals exposed to the respective treatments. 

Control variables

Electricity consumption prior to the intervention and the temperature in the area will be used as control variables. 

Other variables

Electric car. We have combined the electricity consumption with data on ownership of electric cars made available from the Norwegian Public Roads Administration (Vegdirektoratet). Per mid-September 2019, 1 200 inhabitants in the municipalities Ringerike and Hole were registered as owner of at least one electric car. 611 of these were merged by name to the electricity consumption records. To include cases where the car and the meter are registered on different people in the household, a further 103 were merged by surname and address. Finally, 107 (unique) matches were made using address only. 


Empirical analysis and hypotheses 

The main hypothesis is that the treatment will decrease electricity consumption. An important question we aim to answer is how treatment leads to reduction in electricity consumption during peak hours, and elicit whether this decrease is a net reduction or represents load shifting to non-peak load hours. The two treatments (i.e., price and information) will be investigated separately and compared to the control group. 

Eit denotes household i’s log of total electricity use in kW in each time period t. Each day is divided into two time periods: 00-16h and 22-24h (NonPeakd), and 16-22h (Peakd). Treati indicates price, information or control group. EventDay is a dummy variable that takes the value 1 on days when treatment occurs and 0 otherwise. PostEventDay indicates the two days following the treatment days. 

Equation (1)
Eit = 	   β1Treati  x Peakd x EventDayd + 1Treati x NonPeakd x EventDayd 
+ β2Treati  x Peakd x PostEventDayd + 2Treati  x NonPeakd x PostEventDayd
+ Xit + δf(temperature)t + εit.

In the main specification, Xit will capture household fixed effects, peak hours fixed effects and day fixed effects. Date fixed effects will control for demand shocks that affect our sample. In a robustness test, Xit will allow for household fixed effects and day of the week fixed effects. 

Temperature is hourly temperature in the region Hønefoss and is the same for all households. We will provide estimates with and without modeling the influence of temperature. The model with temperature will include temperature in a polynomial of degree three and linear measures of the average temperature the preceding 24, 48 and 72 hours.

To examine more precisely whether households shift electricity use to pre and post-intervention hours, we will include shoulder hours, ref. Equation (2). The shoulder hours in each day will be defined as 14-16h and 22-24h, while the non-peak hours are now defined as 00-14h. This specification will also include shoulder hours fixed effects. 

Equation (2)
Eit = β1Treati  x Peakd x EventDayd + 1Treati  x NonPeakd x EventDayd 
[bookmark: _GoBack]+ β2Treati  x Peakd x PostEventDayd + 2Treati  x NonPeakd x PostEventDayd
+ 1Treati x ShoulderHoursd x PostEventDayd + 2Treati x ShoulderHoursd x PostEventDayd 
+ Xit + δf(temperature)t + εit.

In secondary analyses, we will investigate the effect on the pre and post shoulder hours separately, as well as potential shifts in electricity use in the days and hours pre and post intervention. 

We will also estimate an hourly model of electricity use where we use hour indicators instead of a peak hour dummy. 

In addition, for the two main models above (Equation 1 and 2), we will allow for treatment heterogeneity for electric car owners. This will be implemented by interacting all the terms in equations (1) and (2) except Xit and δf(temperature)h with a dummy variable indicating whether the household owns an electric car or not.  

When estimating the effect for one event day, the data window will start two days after the previous treatment and run to two days after the treatment. When we put the whole period together, we will interact the treatment dummies with a vector containing indicators for each event day.  

Decision rules for dropping observations: 
· Zero electricity consumption in three consecutive weeks. 


Power calculation

From simulations based on data from the winter of 2018, we estimate that we will have a minimum detectable effect size of -0.017% at the 5% significance level with 80% power. This is only taking into account one treatment. 
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