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1 EXECUTIVE SUMMARY 
This report summarizes the load impacts of the Dom inion Energy (the Company) AC Cycling Program 

(Residential) in Virgin ia and North Carolina for 2017. The AC Cycling Program, marketed as Smart Cooling 

Rewards, began in 2010 as a resource to help the Company reduce summer peak demand, either at its own 

discretion or when directed by PJM Interconnection. 

DNV GL conducts an evaluation of the AC Cycling Program on an annual basis. The objectives of this annual 

evaluation are to estimate average kW impacts per AC Cycling participant for each 2017 dispatch event, and 

to estimate the expected kW of peak shaving impact of the AC Cycling resource in different weather 

conditions and times of day, including summer peak conditions. 

Under the program, when AC Cycling events are called , a radiofrequency (RF) paging signal is broadcast 

throughout the Company's service area . The signal is rece ived by load curtailment switches installed on 

central air conditioners (AC) and heat pumps of participat ing res idential customers. The dispatch of the RF 

signal to the load curtailment switch reduces the duty cycle of the registered AC units up to 50% while the 

event is in progress . 

In 2017, evaluated impacts were 0.68 kW per 

participant at Dominion Energy's planned summer 

peak.l In 2017, the AC Cycling Program called the 

most events, resulting in more controlled hours 

since the beginning of the program in 2010. 

In 2017, there were 29 events for a total of 96 

controlled hours. Ex post program impacts ranged 

from an average of -0 .13 kW to 1.13 kW per event 

... the expected load impact for 
weather conditions observed 

during Dominion Energy's peak 
day conditions in 2017 was 

0.68 kW per participant 

hour across all control hours under va rying weather conditions. This yielded a modeled program impact for 

peak conditions of 0.68 kW per participant, a decrease from the modeled impact of 0.97 in 2016, but 

virtually identical to 2015 . 

There were three four-day consecutive events and three three-day consecutive events in 2017 representing 

72% of al l events . Two of the four-day consecu t ive events occurred on consecutive weeks on the hottest 

days of the season and returned some of the greatest impacts. There were also eight partial-d ispatch events 

that excluded a subset of participants in the Eastern Division. The exclusions were done to preserve events 

and hours within Surry-Skiffes Creek in case peak shaving was needed later in the summer to help with 

potential reliability issues. These potential constraints remain through 2018 and will be handled sim ilarly. 

1 Peak conditions correspond with an 83.4 temperatu re-humidity index at hour endi ng 17. This is equivalent to a temperature of 95°F and a relatively 
hu m id ity of 43%. 
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2 INTRODUCTION 
Peak load reduction estimates for pea k shaving programs are critical , bot h for Dominion Energy internal 

stakeholders and for registration with PJM when appl icable. When the AC Cycling Program was launched in 

2010, the estimated impacts were in itially based on a statistical regression model of consumption data from 

other utilities in the region. Since 2011 the modeled impact estimates have used site-level interval data, 

considering the connected load of the un it, actual weather conditions during Dominion Energy's summer 

event season, and t he adaptive 50% cycling stra tegy programmed for cu rtailment switches. In compliance 

with the order from the Virgin ia State Corporation Commission (the Commission), the evaluation 

transitioned from evaluating a random sample of AMI-enabled participants to using site-level interval data 

from every Dominion Energy Smart Cooling Rewards AMI-enabled participant. 2 In 2017 the evaluation was 

conducted on all 9,026 AMI metered participants . 

In 2016, the Company conducted a new-recruit trend study which analyzed changes in connected load and 

effi ciency of new recruits and active participants over time, and the AMI vs. non-AMI participant comparison 

study, which compared demographics and other variables that influence air-condition ing loads. The trend 

study found that, over time, AC efficiency has increased while connected load has rema ined flat. Since the 

participant pool has not changed , neither study was repeated in 2017 . 

Load reduction is driven by more than just temperature on the day of the event. Long hot periods and/ or 

stretches of consecutive event-days affect AC usage and response to events. Conversely, a single hot day in 

the midst of an otherwise cool period also produces different load reductions. Because load reduction is a 

function of both the amount of cooling demanded at the time of an event ( i .e., potential load reduction) and 

the customer response (i.e. ,does the customer turn on a room AC?), the complex relationship between load 

reduction , long-term temperature trends, and event call schedules is difficult to pred ict . 

Add it ionally, a high-performing subset of the AC population in the Eastern Division was not included in a 

number of events, which means that not all households ex perienced the same set of events. This exclusion 

was a a result of potential transmission constraints in the Surry-Skiffes Creek area. Domin ion Energy's 

Market Operations group called events that excluded some Eastern Division zip code areas during certain AC 

Cycling events in the 2017 season to preserve events and hours within that area in case events were needed 

later in the summer to help with potential reliabilit y issues. These potential constraints remain through 201 8 

and will be handled similarly. The lower estimates of predicted load reduction may reflect the different 

underlying schedule of events and temperatu re trends. For the first time the event season extended into late 

September. Additionally, for the f irst time in the program 's history there were three four-day events, three 

three-day events, and eight partial events. 

The following sections include a comparison between program operations and temperatures since 2013, a 

description of the analysis steps, evaluation methodology, ex post and ex ante resul t s. 

2 Requ ired as pa rt of the Finai Order, State Corporation Commission of Virginia, Case #PUE-2015-000!:!9, April 19, 20 16. The trend analysis was also 
requested by PJM so it cou ld assess the reliabi lity of any futu re measu rement and ver ification (M&V) that used a sa mple consisting of a subset 
of AM I customers to represent all prog ram participants . 
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3 2017 AC CYCLING EVENTS 
The 2017 AC Program event schedule continued a general trend toward more events and longer events 

compared to prior years ' programs. This section describes the 2017 program in the context of the prior four 

years of the program. 

Table 3-1. 2013-2017 Comparison of Event Seasons 

2013 2014 2015 2016 

Number of days 
between first and 79 86 90 66 
last event 

Number of events 14 15 20 24 

Average length of 
2 .9 2.7 3.7 3.3 

each event in hours 

[Total controlled 
hours over the event 40 41 73 79 
season 

Number of events 
during peak hours 12 10 20 21 
17:00-18:00 

Number of partial-
0 2 0 3 

dispatch events 

Partial-dispatch 
events as a % of full- 0% 13% 0% 13% 
d ispatch events 

2017 

105 

29 

3 .3 

96 

29 

8 

28% 

3.1 Frequency 
The AC Cycl ing program called 29 

events during the summer of 2017. 

The frequency of events has 

increased on average, by 

approx imately 3.75 per year since 

2013, and has sl ightly more than 

doubled since 2013, from a total of 

14 to 29 events per year. 

Dominion Energy replaced a server 

on the paging system that sends 

control messages to the AC control 

un its . Although the pages were go ing 

out immediately after the server 

replacement and were being received 

by a test pager, they were not in the 

correct format to be decoded by the 

control units . Due to this, switches 

were not able to be controlled 

between June 26 and July 10. Therefore, the events called on July 3 and July 7 did not result in any load 

drop from the AC Cycling program. 3 

Year over year, increases in controlled hou rs have a higher degree of variability than the frequen cy of events . 

Accordingly, an average increase across years can be misleading . However, overall event hours have 

increased from 40 to 96 since 2013 . 

Du ring 2017, Dom inion Energy territory ex perienced hot weather in all four summer months, June through 

September. The first 2017 event occurred on June 12th , and the last event occurred on September 2sth. 

Figure 3- 1 shows the number of events by month since 2014 . 

The following sections describe two event types, consecutive and partial-dispatch, and provide information 

about 2017's participants. The results of the 2017 impact ana lysis are presented in Section 6.2 and 6.3, ex 

post and ex ante impacts, and include a visual representation of the sequencing and impacts of consecutive 

and partial-dispatch events . 

3 All of the resul ts in th is appendix are based on analyses conducted on 29 even ts, to inc lude .the July 3'0 and 7'" eve nts. When those two Ju ly events 
are excluded, the 20 17 eva luated im pacts are 0.70 kW per participant at Domin ion Energy's summer peak. 
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3.2 Consecutive Events 
When events occur on consecutive days in the same week they are called consecutive events. There were 

three four-day consecutive events and three three-day consecutive events in 2017 representing 72% of all 

events. Two of the three, four-day events occurred in consecutive weeks on the hottest days of the season 

and returned some of the highest impacts. Figure 3-2 shows that 2017 had the highest number of three

and four-day consecutive events. 

Figure 3-1. Number of Events by Month, 
2014-2017 
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Figure 3-2. Number of Consecutive Events, 
2014-2017 
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4 2017 AC CYCLING PARTICIPANTS 
At the request of the Commission in 2016, Dominion Energy calculated AC Cycling impacts using 100% of 

the AMI-enabled participants, rather than a random sample of AMI-enabled participants as in prior years. 

AMI meters are insta lled not to directly support the AC Cycl ing Program but rather for multiple operational 

purposes and are therefore not randomly distributed across program participants. 

Table 4- 1 shows the number of participants by division, the number of participants with AMI meters, and the 

percent of AMI participants by division relative to total AMI and total participants for accounts that 

participated in the f irst event on June 12, 2017. Although the number of program participants is lower than 

2016, the number of AMI meters has increased. This is due to the addition of AMI meters in North Carolina 

and to the relat ive proportion of new participants with AMI meters. 

Of the 8,152 AMI-enabled participants that participated in the June 12 event, 93% res ide in the Northwest 

division, and across all 27,511 participants in the Northwest, 27% have AMI meters. This is the highest 

relative percentage of AMI -enabled participants across al l divisions. The Eastern, Central, and North Carolina 

divis ions make up approx imately 67% of program part icipants, but a combined total of approxi mately 5% of 

all enabled AMI participants . 

Table 4-1. Number of Total and AMI Participants by Division for the June 12, 2017 Event 

0/o 
0/o AMI 0/o AMI 

# Participants #AMI 
Participants Participants 
to Total 

Division Participants to Total Participants AMI 
to Total 

by Division Participants by Division Participants Participants 
, by Division by Division 

by Division 

Eastern 37,449 42% 117 1% 0.31% 

Northwest 27,511 31 % 7,544 93% 27% 

Central 18,479 21% 222 3% 1% 

North 
3,519 4% 96 1% 3% 

Carolina 

Not Available 2,068 2% 173 2% 8% 

Total 89,026 100% 8,152 100% 9% 

Due to the uneven distribution of AMI meters across divisions, Dominion Energy commissioned a customer 

load modeling analysis, a new recruit trend study, and a non-AMI comparison . In turn, both were included in 

the Final Order of the State Corporation Commission on April 19, 2016. The results of these studies are 

found in Appendix R-1: Impact Evaluation of 2016 Dispatch Events .4 

4 Eva luation, Measurement, and Verification Report for Vi rginia Electric and Power Compa ny, May 1, 2017, Appendix R-1: Impact Evaluation of 20 16 
Dispatch Events, Appendices A th orugh C 
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5 AC CYCLING IMPACT ANALYSIS 
This section describes the multiple sources of data used in the analysis, provides summary information 

about the program participants, and the methodology employed in the analysis. 

5.1 Analysis Data 
Four sources of data are used in the impact analysis: 

• Half hourly AMI consumption data spanning June 1, 2017 to September 30, 2017 

• Control account history logs with a complete record of participating accounts on an event-by-event basis 

• Business intelligence (BI) program tracking data, the record of active participants, their connected loads 

and address 

• Hourly temperature and humidity data5 

5.2 Methodology 
The following steps are used to calculate the kW impact estimates on the full census of AMI participants: 

1. The half-hourly interval AMI consumption data for each participant is delivered to DNV GL on a monthly 

basis, and subjected to quality control (QC) tests upon delivery. 

2. The AMI accounts are assigned weights based on the state, connected load, and division to ensure that 

the impact analysis is representative of all program participants. The assigned weights are included in 

Appendix A, Extrapolating the AMI-enabled Account Impacts to the Program Population . 

3. The AMI data is merged with the control history logs, the record of customers who participated in each 

event (Section 5.3.2). 

4. Using the AMI data, the control history logs and weather stations assigned to each account, participant

level regressions are estimated to account for opt-outs, weather conditions (in the form of THI), and 

time. 

5. Baseline and actual load are aggregated to a program total using weights to extrapolate the AMI 

population to the program population. 

6 . An event day adjustment is applied to the event day load shape, to align the regression baseline with 

load at an interval just prior to the event and three hours after the event. 

7. Load reduction is calculated from the aggregate baselines and load. 

8. Ex ante load is derived from a regress ion of estimated load reductions for each event on THI and event 

hour. Ex ante load reduction is program performance extrapolated to a particular hou r and THI level . 

5.3 Data Quality Tests 
Once the event participants have been identified in the event logs, the subset of AMI-enabled participants 

are linked to their corresponding AMI consumption data. The AMI data and the control history account logs 

undergo QC tests to ensure that the AMI data is complete, and that only active participants are included in 

the ana lysis. The following conditions must be met for an account to be included in the impact analysis: 

5 National Ocean ic and Atmospheric Association (NOAA), National Centers for Envi ronmental Information, Loca l Climatological Data. 
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• The consumption data must be substantially free of m issing, zero, or negative intervals. 

• An account must be associated with an active participant. 

• An account in the control history log must be associated with corresponding consumption data. 

Section 5.3 .1 summarizes QC results for the AMI data. Section 5.3.2 provides information about the control 

history logs. The QC tests rely partially on a cross reference between the AMI consumption data, the control 

logs, and the BI data. 

5.3.1 AMI Data 
Ha lf-hourly AMI consumption data for all act ive AC Cycl ing partic ipants as of April 2017 was delivered 

monthly to DNV GL from April t hroug h October 2017. Table 5-1 shows the four stages of quality tests and 

results for the 2017 AMI data. Of the 9,848 AMI accounts delivered, 822 (8%) were removed from the 

ana lysis . 

Table S-1. Quality Test Results for the AMI Data 

Number of 
Remaining 

Quality Test Accounts 
Removed Population 

Remove dupl icate accounts 7 9,841 

Remove inactive participants 129 9,712 

Remove accounts not identified in BI 
671 9,041 

data 

Remove accounts with a significant 
number of m issing or negative 15 9,026 

interva ls 

5.3.2 Control History Account Log 
A control history account log is created for each event. The contro l logs list all dispatched accounts and the 

length of the events. Program partic ipants who were not dispatched in selected events are not included in 

the event log or the analysis for that event. An account may be absent for the account logs because the 

customer opted out of an event or because they were not dispatched during a partial-dispatch event. 

Account information for 3% of accounts listed in the control logs could not be located in the BI data . These 

accounts were not included in the impact analysis . 

5.4 Special Circumstances 

5.4.1 Partial-dispatch Events 
In 2017, a fully -dispatched event included approx imate ly 84,000 participants, varying slightly per event. 

During a partial-dispatch event, a subset of participants is deliberately omitted from the dispatch . Between 

July 27th and August 18th there were eight partial-dispatch events that excluded part of the Eastern Division 

for a tota l of 24 controlled hours . Approxi mately 13,000 participants (35% of Eastern, and 14% of all 

participants) were not signaled . As a resu lt of potential transmission constraints in the Surry-Skiffes Creek 

area, Dominion Energy's Market Operations group called events that excluded those zip code areas during 

DNV GL - Energy - www .dnvg l. com/energy May 1, 20 18 Page 9 



., • (. ,, • • • * • w : • ~ 

.··. . ' . 

certain AC Cycling events in the 2017 season. This was done in order to save events and hours within that 

area in case needed later in the summer to help with potential reliability issues. These potential constraints 

remain through 2018 and will be handled similarly. The eight partial-dispatch events constituted 25% of all 

controlled hours in 2017. It was the highest number of partial-dispatch events since 2013. The next highest 

number occurred in 2016, with three partial-dispatch events over eight controlled hours. 

5.4.2 Partial-dispatch Hours 
In another scenario, events are dispatched for a fraction of an hour, but impacts are calculated at "hour 

ending. " This occurred on September 21. On this day the event was dispatched at 15:45, and the impact 

was calculated at hour ending 16. Because the equipment was cycled for only 15 minutes (15:45-16:00), 

the impact for hour ending 16 is low. Further, the event ended at 18:30 with impacts measured at hour 

ending 19. By this time, air conditioners had been returning to full load for 30 minutes. Impacts were also 

low for hour ending 19. 

5.4.3 Opt-outs 
The 2016 AC cycling season had an unusually high opt-out rate of 0.36%. 2017's rate returned to a more 

typical level of 0 .03% . In 2016, it was speculated that a compressed timeframe between the first and last 

event likely increased " event fatigue," resulting in high opt-out rates. In 2017, events spanned from mid

June through late September; eight of 29 events were not called in portions of the Eastern Division and two 

events only lasted two hours. As an illustration of the low rates, during the partial-dispatch events between 

July 27th and August 18th , an average of nine participants (0.01 %) opted out of each event. During full

dispatch events an average of 28 participants (0.03%) opted out. 
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6 RESULTS 
The ex post analysis estimates the average kW reduction in demand achieved by day and hour for the 29 

events dispatched in 2017 (Section 6.2). The ex ante analysis (Section 6.3) is the forecast of kW impacts 

from the AC Cycling Program for different hours, temperatures, and humidity conditions. The ex post 

impacts form the inputs to the ex ante analysis. 

The presentation of results begins with three event-day plots illustrating average, high, and no impacts 

(Figure 6-1-Figure 6-3). Detailed data for each event is then presented in a timeline (Figure 6-4), and by 

day and hour (Table 6-1). The ex ante impacts are presented in Table 6-2. 

6.1 Event-day plots 
In Figure 6-1 through Figure 6-3, results are presented for events with average, high, and no impacts. 

Results are illustrated in time-series representations of: 

• Event-day load profile for the AC Cycling Program participant population (solid purple line). 

This series has a generally consistent load shape, with a low point near the interval ending at 17:00 and 

a peak near 19:00, if not considering the load reduction during the event. There is generally a post

event load spike (snapback or rebound) following each event before load resumes to normal levels. 

• Baseline during the event (solid red line). The solid red line plots the baseline for the event-day 

load curve during the intervals impacted by the AC Cycling event. The baseline modeled from the non

event days is adjusted to match the event-day load curve at the time of dispatch and at three hours 

after load restoration . This line plots the modeled baseline during the event. Baseline estimates for 

every AMI customer, which use a regression model based on non-event day load, temperature, and 

humidity, are generated for the ex post analysis . The customer-level hourly event-day AMI consumption 

is then aggregated using the weights shown in Table 6-3 to produce program-level baseline estimates 

for all participants. 

• Pre- and post-event true-ups. True-ups align the aggregated baseline load shape before and after the 

event. True-ups accounts for differences between the event-day load and the baseline load that are 

close to, but not exactly equal to, the AMI participants' load profile . The pre-event true-up point is 

chosen as the last interval reading unaffected by the curtailment event, and the post-event alignment 

point occurs three hours after the event. This takes into account the assumption that snapback (or 

rebound) at the household level will diminish within three hours of the end of the event. For example, an 

event dispatched between 16:00 and 17:00 is trued-up at the 16:00 and 20:00 intervals. 

• Reference load outside the event (dashed red line). This line plots the baseline load profile before 

and after the event. 

• Event-day temperature (green line). Hourly temperatures are extracted from the National Oceanic 

and Atmospheric Association (NOAA) National Centers for Environmental Information, and mapped to 

the addresses of AMI-enabled participants. The average temperatures are plotted to give context for the 

load curves and event impacts. 

The impact estimate in kW is the difference between the adjusted baseline (solid red line) and the actual 

load curve (purple line) during an event interval . The event intervals represent the end of each event hour 

(hour ending) . The start time of the 2017 events ranges from 14:00-19:00, depending on the event. 
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6.1.1 Load Profile with Average Impacts 
Figure 6-1 illustrates the event called on July 11, 2017 that yielded an average impact. The maximum 

temperature on July 11 was 95°F and t he estimated kW impact was 0.58 kW. The estimated impact is the 

difference between the load profile (purple solid line) of all cycled participants, and the baseline (red solid 

line) of all cycled participants. The period of load reduction for July 11, 2017 is clearly vis ible at hours 

ending 16, 17 and 18 (between 15:00 and 18:00). 

July 11 was the first of four consecutive events (July 11-July 14), and yielded the highest impact of the 

three four-day consecutive events. The fourth event-day (July 14) shown on the next page in Figure 6-2 is 

an example of an event with relatively high impacts. 

Figure 6-1. Load Profile for an Event-Day with Average Impacts (July 11, 2017). 
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6.1.2 Load Profile with High Impacts 
Figure 6-2 shows the relatively high impact achieved on July 14, 2017. It was the last day of four 

consecutive events days (July 11-July 14). Together, the four consecutive events yielded the highest 

average impact over all three four-day consecutive events. The temperature reached its daily high of 97°F 

at 13:00 and the load reduction during the event is clearly visible at hours ending 15, 16, 17, and 18 

(between 14:00 and 18:00). The estimated average peak shaved during this event was 0.96 kW per 

participant. The maximum impact per participant for a single interval also occurred on this day (1.13 kW) at 

hour ending 18. 

Figure 6-2. Load Profile for an Event with High Impacts (July 14, 2017) 

Participant Average kW and Temperature with Baseline Estimates 
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6 .1. 3 Load Profile with No Impact 
Figure 6-3 shows an event with no impact that occurred on July 7, 2017. Dominion Energy replaced a server 

on the paging system that sends control messages to the AC control un its. Although the pages were going 

out immediately after the server replacement, and were being received by a test pager, they were not in the 

correct format to be decoded by the control units . July 7, 2017 is one of two events (the other occurring on 

July 3rd) that the page signal was not decoded by the control units .6 

The temperature reached its daily high of 93°F just before 15:00. The estimated average peak shaved 

during the July 7, 2017 event shown below was -0.06 kW per participant, a slight increase in load. 

Figure 6-3. Load Profile for an Event Day with No Impacts (July 7, 2017). 

Participant Average kW and Temperature with Baseline Estimates 
kW Degrees F 
s •_-_-_--P_a_ro-. c-ip_a_n-tk-VV--------------------------------------------------------------------~" 1 20 

· - - Baseline kVV outside Event r 
-- Baseline kVV during Event .rf 

......... Average Outdoor Temperature f 

r 100 

5 6 7 

/ 
/ 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Hour Ending 

6 Al l of the results in this append ix are based on analyses conducted on 29 events, to incl ude the July 3'• and 7'h events. When t hose two July events 
are excluded, the 2017 eva luated impacts are 0 . 70 kW per participant at Dominion Energy's summer peak. 
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6.2 Ex post Impacts 
Figure 6-4 is a t imeline of the 2017 season and depicts each event as it relates to t ime, temperature, and 

impact (load reduction) . It includes annotations noting t he three instances of four-day consecutive events, 

and the beg inning and end of the eight partial-dispatch event s. 

Average ex post impacts by day and hour are presented in Tab le 6-1. Also shown is the maximum daily 

temperature, opt-out percent, whether there was a full or partial-dispatch, and a day number indicating an 

event order in consecutive events . 

The maximum impact per participant for a single interval in 2017 was 1.13 kW occurring at hour ending 18 

on July 14. It was the fourth consecutive event-day and the maximum temperature reached 97° F. The event 

plot for July 14 is shown above in Figure 6-2. 

The 2017 average maximum daily temperature for event-days was 91 °F (down 1 °F from 2016). The 

maximum temperature for a single event-day in 2017 was 98°F. Five event-days in 2017 exceeded 95°F, 

whereas only one event-day in 2016 exceeded 95°F. 
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6.3 Ex ante Impacts 
The second objective of this analysis is to calculate ex ante impact estimates for the program year. The ex 

ante analysis models each hour to obtain the impacts for a range of temperature humid ity index (THI) 

values . This is achieved by fitting linear regression models to predict impacts using weather data specific to 

each event hour. Simi lar to the 2016 model , the 2017 ex ante model is based solely on 2017 ex post 

impacts. 

The ex ante analysis models impacts for a range of THI values for each event interval. A regression model 

was fit for the ex post impacts for each of the event hours (15:00, 16 :00, 17:00, 18:00, and 19:00), with 

THI as a predictor variable. 

Table 6-2 shows the predicted va lues from the regression models aggregated by who le-hour intervals and 

tabulated by hour and THI. The Dom inion Energy peak condition for planning purposes is 83.4 THI at hou r 

ending 17. Th is corresponds with a temperature of 95°F at 43% relative humidity (RH) . Interpolating 

between 83°F and 84°F (bolded) at 17:00, the expected peak load reduction is 0 .68 kW per customer. 

There was not a sufficient number of event observations to model impacts for hours ending 13, 14, 20, or 

21. In these cases, ex ante estimates were assumed to be equivalent to closest hour (15 or 19). 

Table 6-2. 2017 Ex Ante Im THI and Hour Endin Per Partici nt 

Per participant Ex Ante Impacts in kW by THI and Event Hour Ending 

Event Hour Ending 

THI 13 14 15 16 17 18 19 20 21 

79 0.42 0.42 0.42 0.37 0.43 0. 

80 1 0.47 0.47 0.47 

81 0.53 0.53 0 .53 0.48 0 .54 0 .57 0.56 0.56 0.56 

82 0.58 0.58 0.58 0. 53 0.60 0 .63 

83 0 .64 0 .64 0 .64 

84 

85 0.75 0.75 
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APPENDIX A. EXTRAPOLATING THE AMI-ENABLED ACCOUNT 
IMPACTS TO THE PROGRAM POPULATION 

Using the BI data and the control history account logs, participants are categorized by division, connected 

load and whether the account is AMI-enabled (Table 6-3). To extrapolate the AMI account impacts to the AC 

Cycling Program population , t he AMI-enabled accounts are assigned weights based on their division and 

connected load relative to all participants. The weights assigned to the AMI enabled group for the June 12 

event are listed in the "Weight" column in Table 6-3 and weights for each event are adjusted according to 

event participation, which varies slightly f rom event to event, and may va ry significantly during a partial 

dispatch event (see Section 5.4.1). The weight can be understood as the number of program customers 

represented by each meter in t he AMI group. The following steps were taken to build the 2017 weights, 

which are specific to each event depending on the mix of controlled participants. 

1. Construct a list of all event participants by address, divis ion, and connected load. The list of participants 

is event-specific and reported in the control history logs. The program tracking data, or BI data, is the 

source of the addresses and connected loads. 

2. Strati fy the participants based on state, division and connected load . 

3. Ca lculate weights based on the number of AMI participants for each event relative to all participants 

w ithin each stratum .? 

Table 6- 3. 2017 Weights by State, Division and Connected Load for June 12, 2017 

State Division Load (kW) #AMI meters Population Weight 

VA Northwest Not Available 2,604 10,887 4 

VA North west < 4kW 2,63 2 8,069 3 

VA North west ::?: 4kW 2,308 8 ,555 4 

' !J ·;. •,:;~-.;It~. '.< T 
NC NC Not Available 0 10 0 

NC NC < 4kW 2 305 153 

NC NC ::?: 4kW 94 3,204 34 
;:.;,::_;,~.~.<3. 

VA Not Available Not Available 162 1,590 10 

VA Not Available < 4kW 8 261 33 

VA Not Ava ilable ::?: 4 kW 3 217 72 
• <: . .. .'" . ,;:,'\:"•;,,< • •. :;, . ·. 

VA Central Not Available 51 5,293 104 

VA Cent ra l < 4kW 89 7 ,516 84 

VA Central ::?: 4kW 82 5,670 69 
:· _.; .. , ): ··-~··i\.h_;>:, . .. ): 

VA Eastern Not Availab le 33 11,312 343 

VA Eastern < 4 kW 44 15,571 354 

VA Eastern ::?: 4kW 40 10,566 264 

Total 8,152 89,026 

7 The weig ht with in each stratum is the population divided by the total number of AMI meters in t he study group. 
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ABOUT DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations to 
advance the safety and sustainability of their business. We provide classification and technical assurance 
along with software and independent expert advisory services to the maritime, oil and gas, and energy 
industries. We also provide certification services to customers across a wide range of industries. Operating in 
more than 100 countries, our 16,000 professionals are dedicated to helping our customers make the world 
safer, smarter, and greener. 
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1 EXECUTIVE SUMMARY 
This report presents the results of the annual impact analysis of Dom inion Energy's (hereafter referred to as 

"the Company") Non- residential Distributed Generation (DG) Program for 2017. 

The program began in June 2012 with the objective of curtailing peak load . During periods when demand for 

electricity is particularly high, the Company calls upon participating large non-residential customers to 

provide a supply resource to the company by operating backup power to curtail load on the Company's grid. 

Customers must meet specific eligibility requirements to participate in the program and receive an incentive 

from the Company in exchange for their participation. 

The three objectives of the impact analysis are to: 

• Compute the aggregate load curtailed, in kW, by participating customers at one-hour intervals during 

each 2017 event day 

• Compute program reali zation rates annually, seasonally and for each event interval by comparing 

measured generation to the requested dispatched generation 

• Describe trends across event intervals that may influence program performance 

Table 1 shows DG Program monthly impacts for 2017. The table provides the planned and actual 

participants in MW and the average dispatched and measured generation in kW. The "average dispatched" is 

the average amount of load curtailment, in kW, requested by the Company per event-hour interval 

aggregated to the monthly level, while "average generation" is average metered generation, also in kW, 

delivered by the participants per event-hour interval and aggregated to the monthly level . The realization 

rate is calculated by divid ing the average monthly measured generation by the average monthly dispatched 

generation for participating sites. 
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Table 1. 2017 DG Program Performance Against Planned 

Feb No event s 

Mar No events 

Apr No events 

May 7.4 6 .1 7,394 6,130 2 6,030 5,517 91% 

Jun 7.4 5.9 7,394 5,940 3 5,832 6, 163 106% 

Jul 7.4 5 .9 7,394 5,940 13 5,509 6,151 112% 

Aug 7.4 5.5 7,394 5,450 4 5,386 6,401 119% 

Sep 7.4 5 .6 7,394 5,640 2 5,563 5,658 102% 

Oct No events 

Nov No events 

Dec 7.4 6.1 6,130 5,273 86% 

The average dispatched generation per event interval per month over the 27 tota l event days in 2017 varied 

from 5,386 kW to 6,130 kW. The winter season spans October-March, while the summer season spans 

April - September. In 2017, 13 events were cal led in July, wh ich was the greatest number for both the year 

and the summer season. The highest average month ly realizat ion rate for the year occurred in August, 

achieving 119%. January had the lowest real ization rate for the year, at 84%. The average realization rate 

for the year was 108%. Summer events averaged 110%, and winter events averaged 85%. 
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2 INTRODUCTION AND BACKGROUND 
The Virginia State Corporation Commission approved the Non-Residential DG Pilot on January 17, 2008 and 

subsequently achieved program status on April 30, 2012. The pilot ran through the end of 2014. In June 

2017, the program was extended for an additional 5 years through May 31, 2022. 1 As of December 31, 2017, 

there are 21 enrolled sites representing a potential 6.1 MW of resources to the Company. Large non

residential customers with at least 200 kW of demand and backup generation capacity are eligible to 

part icipate in the program. Details of the DG Program are as follows: 

• One customer can qualify as multiple participants. One participant is equal to 1,000 kW of enrolled 

onsite generation, and the level of incentive corresponds with the kW of enrolled generation capacity.2 

• Participating customers are in compliance with the program compensation rules if the average measured 

on-site generation is at least 95% of the dispatched target for each event day. 

• The Company has the right to adjust the incentive paid to customers based on historical performance if 

the average realization rate is below the 95% target. 

DG Pilot participants were reported in the tracking data through the conclusion of the pilot at the end of 

2014. Unlike participants in the DG Program, the 8 pilot program sites were eligible for the incentive based 

on participation alone, and were not required to meet the 95% realization target. Therefore, the results from 

this report are not directly comparable to the results of combined pilot and program impact analyses 

reported in 2013 and 2014. 

1 Case No. PUE-2016-00111 . Commonwealth of Virginia, State Corporation Commission, " Final Order" on the subject " For approval to implement new, 
and to extend existing, demand-side management programs and for approval of two updated rate adjustment clauses pursuant to§ 56-585 .1 A 
5 of the Code of Virginia." June 1, 2017. 

2 Customers who do not have exact multiples of 1,000 kW of onsite generation are cred ited with fractional levels of participation and incentive, e.g., 
1,500 kW wou ld be counted as 1.5 participants. 
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3 IMPACT ANALYSIS METHODOLOGY 
The key performance metric used to measure program performance for the DG Program is the realization 

rate. For an individual site, the realization rate for a given event interval is t he measured generation for that 

interval divided by the dispatched generation for the site during the interval. The realization rate for the 

program during an event interval is the total measu red generation divided by the total dispatched 

generation. For participants indexed by i, and for an event interval j, 

- L i Measured Generation (kWij) 
Realization Rate - = ' 1 Li Dispatched Generation (kWu) 

The aggregate dispat ched and measured generation across the program is tabulated by event interval and 

day to track performance. 

An event interval is an hour occurring during a generator dispatch event that the Company calls. The start 

and end times vary by event day. The number of dispatched sites on a given event day also va ries. If there 

is measu red generation prior to or following a dispatched event, the on-site power generation is not 

attributed to the DG Program. 

Event days for the 2017 analysis were separated into winter and summer seasons. The winter season spans 

October-March, while the summer season spans April-September. 
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4 RESULTS 
This section describes the event impacts from 2013 to 2017, but focuses on the 2017 DG events. There 

were 27 event days in 2017, of which three were called in January and December while all other events 

were called in May, June, July, August, and September. 

Table 2 presents a yearly summary of the number of event days, average dispatched generation in kW, 

average generation in kW, and realization rate. The 2017 overall realization rate was the highest in the past 

five years and exceeded the program's 95% target by 13%. 

Table 2. Program Participant Impacts and Realization Rates per Year 

i I 

Year Event Days Average Dispatched i Average Generation Realization 
(kW) I (kW) I Rate 

2013 12 6,239 6,306 102% 

2014 23 5,862 5,978 101% 

2015 26 5,899 5,457 93% 

2016 37 5,215 5,524 106% 

2017 27 5,603 6,054 108% 

Table 3 presents an overview of DG Program participant impacts by year and season. The 2017 realization 

rates for winter and summer were the highest seasonal realization rates for comparable program years 2015 

and 2016 . Current year results in Table 2 are highlighted and bold. 

Table 3. Program Participant Impacts and Realization Rates per Year and Season 

I 

Year /Season Event Days Average Dispatched Average Generation 

I 
Realization 

(kW) (kW) Rate 

2014 Winter 9 6,060 3,954 65% 

2015 Winter 6 5,846 4,515 78% 

2016 Winter 3 5,911 4,281 72% 

2017 Winter 3 6,130 5,234 85% 

2014 Summer 14 5,798 6,305 109% 

2015 Summer 20 5,958 5,903 99% 

2016 Summer 34 5,171 5,602 108% 

2017 Summer 24 5,564 6,114 110% 

Sections 4.1 and 4.2 discuss dispatched generation, measured generation, and realization rates per event 

day and hour, by season. Section 4.3 provides site-level realization rate details per event day. 
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4.1 Overall Program Event Impacts 
The total dispatched generation for all DG Program participants during the 2017 winter and summer event 

intervals are shown in Table 4 and Table 5 below, respectively . The total and average dispatched generation 

is summarized by event day. The total hourly dispatched capacity ranged from 4,980 kW to the full enrolled 

amount of 6,130 kW across the 27 events called in 2017. 

The dispatched kW is a reflection of the Company's needs for the individual event or deviations in the level 

of participant commitment, rather than a reflection of performance. 

Table 4. Overall Dispatched Generation During Winter Events 
~-- ------ - -- - - -- --- ---------

Overall Dispatched Generation (kW) 
by Event Day and Time 

Event 
Hour Ending 

Day 
8:00 9:00 19:00 20:00 Total Average ... 

Jan 9 6,130 6,130 12,260 6,130 

Dec 28 6,130 6,130 12,260 6,130 

Dec 29 6,130 6,130 12,260 6,130 
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Table 5. Overall Dispatched Generation During Summer Events 
¥------------ - -- ---- -~~---------

Overall Dispatched Generation {kW) by Event 
Day and Time 

Event 
Hour Ending 

Day 15:00 16:00 17:00 18:00 19:00 Total Average 

May 17 5,880 5,880 11,760 5,880 

May 18 6,130 6,130 6,130 18,390 6,130 

Jun 12 5,940 5,940 5,940 5,940 23,760 5,940 

Jun 13 5,760 5,760 5,760 17,208 5,760 

Jun 22 5,760 5,760 5,760 17,208 5,760 

Jul 3 5,940 5,940 5,940 17,820 5,940 

Jul 7 5,940 5,940 5,940 17,820 5,940 

Jul 10 5,790 5,790 5,790 5,790 23,160 5,790 

Ju l 11 5,940 5,940 5,940 17,820 5,940 

Jul 12 5,790 5,790 5,790 5,790 23,160 5,790 

Jul 13 5,440 5,620 5,620 5,620 22,300 5,575 

Jul 14 5,440 5,440 5,440 5,440 21 ,760 5,440 

Jul 18 5,220 5,220 5,220 5,220 20,880 5,220 

Ju l 19 5,250 5,250 5,250 5,250 21,000 5,250 

Jul 20 5,250 5,250 5,250 15,750 5,250 

Jul 21 5,250 5,250 5,250 15,750 5,250 

Jul 22 5,250 5,250 5,250 15,750 5,250 

Jul 24 4,980 4,980 4,980 14,940 4,980 

Aug 17 5,300 5,300 5,300 15,900 5,300 

Aug 18 5,300 5,300 5,300 15,900 5,300 

Aug 21 5,450 5,450 5,450 5,450 21,800 5,450 

Aug 22 5,450 5,450 5,450 5,450 21,800 5,450 

Sep 21 5,460 5,460 5,460 16,380 5,460 

Sep 25 5,640 5,640 5,640 5,640 22,560 5,640 
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Table 6 and Table 7 below provide the total measured generation by all program participants for each event 

interval during winter and summer events, respectively. 

The total and average generation in kW are summarized by event day. The greatest average measured 

power produced by the participants per event day was greater in the summer (6,953 kW) than in the winter 

(5,324 kW). This is consistent with program expectations for winter events, since the dispatched kW per site 

reflects the summer peak load. In the winter, space heating for large commercial sites is typically fueled by 

natural gas, not electricity. 

Table 6. Overall Measured Generation During Winter Events 

Overall Generation (kW) by Event Day and 
Time 

Event 
Hour Ending 

Day 8:00 9:00 ... 19:00 20:00 Total Average 

Jan 9 4,942 5,373 10,314 5,157 

Dec 28 5,255 5,889 10,444 5,222 

Dec 29 5,279 5,370 10,649 5,324 
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Table 7. Overall Measured Generation During Summer Events 

Overall Generation (kW) by Event Day and Time 

Event 
Hour Ending 

Day 15:00 16:00 17:00 18:00 19:00 Total Average 

May 17 4,735 5,817 10,552 5,276 

May 18 5,429 5,719 5,886 17,034 5,678 

Jun 12 5,592 6,441 6,478 6,352 24,863 6,216 

Jun 13 5,870 6,365 6,209 18,444 6,148 

Jun 22 5,902 6,189 6,230 18,321 6,107 

Jul 3 6,219 6,639 6,597 19,455 6,485 

Jul 7 5,272 6,629 6,416 18,318 6,106 

Jul 10 6,222 6,477 6,553 6,474 25,726 6,431 

Jul 11 6,572 6,836 6,782 20,190 6,730 

Jul 12 6,781 7,043 7,002 6,985 27,811 6,953 

Jul 13 6,670 7,120 7,001 6,774 27,565 6,891 

Jul 14 6,073 6,479 6,365 6,320 25,237 6,309 

Jul 18 4,920 5,064 4,996 2,518 17,499 4,375 

Jul 19 5,557 5,836 5,814 5,806 23,013 5,753 

Jul 20 5,888 6,078 5,912 17,878 5,959 

Jul 21 5,985 6,405 6,347 18,738 6,398 

Jul 22 5,869 6,274 6,366 18,509 6,170 

Jul 24 5,229 5,873 5,771 16,872 5,642 

Aug 17 5,649 6,085 6,108 17,842 5,947 

Aug 18 6,413 6,676 6,620 19,708 6,569 

Aug 21 6,179 6,374 6,514 6,526 25,593 6,398 

Aug 22 6,210 6,835 6,718 6,710 26,474 6,619 

Sep 21 5,570 5,763 5,436 16,769 5,590 

Sep 25 5,361 5,884 5,811 5,784 22,840 5,710 
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4.2 Realization Rates 
The average realization rates in Table 8 and Table 9 show the DG Program total measured generation as a 

percentage of the corresponding dispatched generation for each event interval. 

Average realization rates for event intervals that met or exceeded the DG Program target of 95% of 

dispatched generation are highlighted green in both Table 8 and Table 9, where applicable. 

The realization rates per event-hour for the three winter events did not meet the 95% realization rate target, 

nor did the average daily performance (see Table 8). In contrast, 21 out of 24 summer event days, met or 

exceeded the 95% target (see Table 9). The highest performing summer event days were achieved on July 

13 and August 18, generating 124% of the requested load cur.tailment on both event days. The lowest 

performing summer event day occurred July 18, 2017, generating 84% of the requested load curtailment. 

Table 8. Overall Realization Rates During Winter Events 

Overall Realization Rate by Event Day and Time 

Hour Ending 
Event Average 
Day 8:00 9:00 ... 19:00 20:00 Realization 

Rate 

Jan 09 81% 88% 84% 

Dec 28 86% 85% 85% 

Dec 29 86% 88% 87% 
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Table 9. Overall Realization Rates During Summer Events 

Overall Realization Rate by Event Day and Time 

Hour Ending 
Event Average 
Day 15:00 16:00 17:00 18:00 19:00 Realization 

Rate 

May 17 81% 99% 90% 

May 18 89% 93% 96% 93% 
' 

Jun 12 94% 108% 109% 107% 105% 

Jun 13 102% 111% 108% 107% 

Jun 22 102% 107% 108% 106% 

Jul 3 105% 112% 111% 109% 

Jul 7 89% 112% 108% 103% 

Ju l 10 107% 112% 113% 112% 111% 

Jul 11 111% 115% 114% 113% 

Ju l 12 117% 122% 121% 121% 120% 

Jul 13 123% 127% 125% 121% 124% 

Jul 14 112% 119% 117% 116% 116% 

Jul 18 94% 97% 96% 48% 84% 

Jul 19 106% 111% 111% 111% 110% 

Jul 20 112% 116% 113% 114% 

Jul 21 114% 122% 121% 119% 

Ju l 22 112% 120% 121% 118% 

Jul 24 105% 118% 116% 113% 

Aug 17 107% 115% 115% 112% 

Aug 18 121% 126% 125% 124% 

Aug 21 113% 117% 120% 120% 117% 

Aug 22 114% 125% 123% 123% 121% 

Sep 21 102% 106% 100% 102% 

Sep 25 95% 104% 103% 103% 101% 
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4.3 Site-Level Detail 
Table 10 shows the average realization rates by participant site for each event day. Each site is listed by a 

randomly assigned unique identifier. If a participant site was not dispatched during an event, the cell 

appears blank. Realization rates greater than or equal to 95% are highlighted green, less than 95% and 

greater than 50% are purple and rates less than or equal to 50% are highlighted blue. 

For the single event day in January, 10 sites met or exceeded the 95% target and two sites realized less 

than 50% of the target generation. The performance of the two December events showed similar results. 10 

sites met or exceeded the 95% target on December 28, and 11 sites met the 95% target on December 29. 

Both December events had a minimum of one site that generated less than 50% of the target generation. 

Site IDs 9, 11 and 13 met or exceeded the target in each 2017 event which they participated, as seen in 

Table 10. With the exception of Site ID 14, which achieved low realization rates for events days July 14-24, 

most participants in 2017 met or exceeded the 95% realization performance target. This is shown in Table 

10 where the majority of the cells are highlighted green. 

Table 11 highlights the monthly average event realization rate for each site, again illustrating that most sites 

achieved or exceeded the program target of 95% . Lower realization rates, highlighted in blue, spanned both 

seasons . Site ID 1 was the only site with two instances of average winter monthly realization rates that were 

less than or equal to 50%, while many sites did not have any instances. Six sites (Site IDs 8, 9, 10, 11, 13 

and 20) met or exceeded the target 95% realization rate for each event month in 2017. 
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5 CONCLUSIONS 
The objective of each DG event is to provide the Company with a supply resource and for on-site power 

generation to meet or exceed at least 95% of the dispatched curtailment requested. In 2017, DG Program 

participants exceeded program goals by 13%, achieving an average realization rate of 108% across all 

events. As in prior years, summer events exceeded the 95% program target, averaging 110%. The 2017 

winter events averaged 85%, falling short of the program target; however, 2017's winter performance was 

higher than the previous three winter realization rates. 
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6 RECOMMENDATIONS 
The purpose of the Company's annual DG evaluation of dispatch events is to assess program progress 

towards planned goals, while providing actionable information for program managers to calibrate program 

operation to align with these goals. 

DNV GL recommends that enrolled and dispatched load be reviewed and updated seasonally to account for 

changes in site-level demand for electricity and its corresponding on-site generation capacity. Since 

participants are only generating electricity for their own use and not returning excess capacity to the electric 

grid, commitments based on maximum generation capacity corresponding with summer peak demand are 

not attainable in the winter months. The Company would need to establish site-level estimates of the 

monthly peak kW based on historical and/or in-season site-level measured demand to make this change. 

The benefits of doing so would be: 

• Improved ability to predict the peak shaving capability of the program in aggregate throughout the year 

• Improved ability to track site-level performance with realization rates comparable across all months 
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