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Overview
I study tradeoffs between efficiency and equity under dynamic pricing of residential electricity. Retail real time pricing (RTP) of electricity is theoretically more economically efficient than flat rate (FR) pricing since customers will use only the quantity of electricity that they value at or above the current marginal cost of power.  This economic efficiency may come at the cost of equity: compared to the status quo of flat rate pricing, some customers will end up spending more on electricity under real time pricing, while others will spend less. I use hourly load data from 2500 Commonwealth Edison (ComEd) residential customers on a standard flat rate electricity tariff from 2007 and 2008. I calculate which customers would have been better off and which customers would have been worse under real time pricing and look at the general characteristics of these customers. I examine the cross-subsidies between residential customers.
Methods
I calculate each customer’s annual electricity bill under the standard flat rate residential tariff and the bill they would have paid had they been on the ComEd real time pricing tariff (an actual tariff currently optional for residential customers).  I examine the distribution of the difference in annual electricity bill for customers under the under RTP and FR. I use a random sample of 2500 residential Commonwealth Edison customers who paid a flat rate price.  I categorize customers by customer class (single family, multi-family, single family electric space heating, multi-family electric space heating), income level (low income or not) and average electricity usage. I compare bills for four scenarios: (1) using true bills for flat rate and RTP, assuming there is no behaviour change; (2) removing the cross subsidy that non-electric space-heating customer provide to electric space-heating customers; (3) assuming the long term contracts perfectly match spot market prices for power; and (4) assuming customers have price-elastic demand.
Results
Customers with higher average load tend to do better under RTP while smaller customers tend to do worse.  This indicates that there is a cross subsidy from larger to smaller customers under FR.  Low-income customers tend to have a low average load, and therefore do worse under RTP.  
Depending on the year, long-term contracts may be more expensive or cheaper than buying the equivalent power on the spot market.  This has a significant impact on whether RTP saves or costs money to residential customers overall.  
Price elasticity of demand has a surprisingly small impact on the total cost of RTP.  A price elasticity of demand of -0.2 impacted net costs for all residential customers by less than 2%.
Under ComEd’s actual bills (scenario 1), electric-space heating customers receive a significant subsidy (approximately 3¢/kWh) from non-electric space heating customers under the flat-rate. Therefore, non-space-heating customers do much better under real-time pricing since they do not have to provide the subsidy. Space-heating customers do worse under RTP since they do not receive the subsidy.  When this subsidy is removed from FR (scenario 2), the roles are reversed and electric space-heating customers actually do better under RTP than FR, and non-space-heating customers do worse.  This is because space-heating customers have counter-cyclical loads (their peak demand is off peak), while non-space-heating customers tend to have coincident peaks. The space-heating customer are essentially cross-subsidizing the rest of the customers under the flat rate tariff.
Conclusions
If utilities are going to implement residential real-time pricing, or another form of dynamic pricing, they must examine the cross-subsidies inherent to flat-rate pricing (counter-cyclical customers subsidize customers with high coincident peak).  Under real-time pricing these cross-subsidies disappear, which can increase the bills of some customers upwards of 50%.  This cost change will come as a shock to some customers and will have significant policy implications for the implementation of RTP.
Flat-rate pricing provides an inherent cross-subsidy from customers with higher average load to those with a smaller load.  This also results in a cross-subsidy to low-income customers (who tend to have a lower load). This means that under RTP, smaller and low-income customers will be losers relative to FR. If utilities switch to a form of dynamic pricing, they must be mindful of the effect it will have on their more vulnerable customers.
Price elasticity of demand had a very small effect on the overall costs of RTP relative to FR.  In this case, I assumed that customers were price takers.  However, if customers were price setters, it is possible that they could lower spot market and capacity prices, which could have a significant impact on overall cost.  This should be investigated further.
