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Objective

We assess the feasibility of using residential air conditioner loads for syn-

that

chronized reserves in the PJIM market from a regulatory and economic per-
spective. The major regulatory barrier for such a program is a requirement

participating demand resources provide load measurements every

minute to verify resource availability and bid compliance. Placing SCADA
systems on all residential participants is prohibitively expensive, so we de-
vise a way to estimate total response using data from only a sample of cus-
tomers.

Background:

Synchronized Reserves: To mitigate the risk of a contingency, synchronized
reserve capacity is procured for potential dispatch. Synchronized reserves
must reach their reserve capacity within ten minutes of being called. When
a contingency occurs, synchronized reserves are dispatched and remain ac-
tive until slower reserve generation comes online. Dispatch of synchronized
reserve generation in the PJM grid occurred 35 times in 2010 and 37 times
in 2011. Most events last less than 15 minutes. PIM procures between 1300
and 1900 MW of synchronized reserves each hour.

Demand Response: We focus on the direct load control (DLC) of air condi-
tioners. In DLC, appliances are turned off and on remotely, allowing the util-
ity to reduce electricity load. Demand response is widely used to reduce

high

demand peak.

Demand Response as Synchronized Reserves: When a contingency occurs,
reliability is maintained with either reserve generation or load reduction.
Using DR for synchronized reserves provides faster response times, more

relia
sync
sync

ole response and potentially lower costs. In May 2006 PJM opened its
nronized reserve market to demand side resources. In 2009 the PIM

nronized reserve market had 81 active registered commercial and in-

dustrial DR participants with a combine 410 MW of certified resource.

In order to comply with PJM rules, data acquisition and metering at one
minute intervals is required for every load participating as a resource in syn-
chronized reserves. This rule makes residential loads uneconomical for use
as synchronized reserves. Hence the need for a sampling approach.

Data

Our dataset consists of 536 loggers that measured air conditioner compres-
sor power in three-minute intervals over a three month period. These air
conditioners were used in 491 difference residences in the services areas of
Potomac Electric Power Company (PEPCO), Delmarva Power and Light (DPL)
and Atlantic City Electric (ACE).

Table 1: The number of customers by utility and cycling level.

Utility Cycling level Customers in sample
Pepco 50% 92
Pepco 75% 60
Pepco 100% 53
DPL 50% 107
DPL 75% 57
DPL 100% 46
ACE 50% 76
Total 491

All customers participated in a DR program in which their air condition-
ers were cycled during a load reduction event. Table 1 shows the num-
ber of customers in the dataset by utility and cycling level.
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Figure 1: Three-minute measurements of a single air conditioner load.

Analysis

At the three-minute time scale, air conditioner load switches between
zero and a maximum value. Figure 1 shows three-minute load measure-
ments for one customer over a 24 hour period.

Hourly Data for Customer 1
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Figure 2: Time series data of hourly load.
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We aggregated the data to get hourly air conditioner loads for each cus-
tomer in the sample and constructed a model to estimate these values
based on ambient temperature. Our model assumes that residents will use
the air conditioner when the temperature is greater than a critical value,
and load will reach a maximum when the temperature is very high. Values
for max load and critical temperatures differ for all residences in the sam-
ple. Figures 2 and 3 show data from a sample customer.
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Figure 3: Air conditioner load versus ambient temperature for one customer.

Next Steps

Once we are confident with individual model fits we intend to aggregate es-
timated loads from the model to produce an estimate of the total air-
conditioner load. A major challenge in obtaining accurate aggregate load
estimates is unobservable events that alter residential behavior. Examples
include vacations when residents turn off their air conditioner for an ex-
pended period of time or a change in use patterns due to financial reasons.
This is evident in Figure 3 where many high temperature readings had no
air conditioner load.

We also plan to construct a model for air conditioner loads at the three-
minute time scale. This will require a different model structure since the
load will alternate between one of two states. Our focus is to determine the
accuracy of aggregating individual load models to forecast total air condi-
tioner load and predict load reduction in the event of a spinning reserves
event.
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