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On March 2 1 , 2007, Louisville Gas and Electric Company (“LG&E”) filed an application with 
tlie Kentucky Public Service Coininission (“Coinniission”) in Case No. 2007-00 1 17 requesting 
Commission approval to develop a responsive pricing aiid smai-t metering pilot prograin 
(“Pilot”). In its application, L,G&E stated its hypothesis that “a responsive pricing rate structure 
consistiiig of time-of-use and real-time, critical peak pricing components in corijuiiction with a 
Demand-Side Management (“DSM”) prograin will likely inaxiiiiize demand response for 
residential and coininercial customers in a cost-effective To test its hypothesis, 
LG&E plaimed to use tiine-of-use rates and “smart” devices with secure commuiiicatioiis to send 
pricing signals to a test group of custoniers, allowing thein to clioose to save inoney and decrease 
system demand by sliifiing their electricity usage away from peak generation system demand 
periods. The smart devices would also provide information regarding real-time and historical 
energy usage. 

The Pilot was designed so that the Residential Responsive Pricing Service (“RFW) and General 
Responsive Pricing Service (“GW”) rate structures would be revenue-neutral for the Company. 
This means that a participating customer with a typical load profile would not experience a 
change in electricity costs if their usage pattern did riot change. However, a custoiner’s electric 
bill would decrease if usage shifted from higher-cost peak periods to lower-cost off-peak periods. 
Likewise, a customer’s electric bill would increase if usage shifted from lower-cost off-peak 
periods to higher-cost peak periods. 

By Order dated July 12, 2007, the Coininissioii approved the Pilot for an initial term of tllree 
years that would serve up to two thousand customers. Tlie Pilot was designed to include up to 
one liundred custoiners under Rate RS (residential) aiid LIP to fifty custoiners under Rate GS 
(commercial) to be ellrolled 011 time-of-use rate structures. To determine if cost savings could be 
realized by some custoiners not on tlie time-of-use rates by using a combination of smart devices, 
the approved Pilot allowed for up to four hundred custoiners to be giveii a coinbiiiatioii of such 
devices to provide tlie participating custoiners cei-taiii usage information, allowing the customers 
to change usage to produce cost savings, if desired. 

LG&E filed a inotion on September 15, 2008 to amend the July 12, 2007 Order to add LIP to ail 
additioiial fifteen customers to tlie RRP rate structure. The additional customers were to be 
employees of General Electric Company (“GE”) located on the same routes as the other Pilot 
customers. The request was made to cooperate with GE’s effort to promote and test DSM-ready 
appliances in the employees’ lioines. The smart equipment provided by LG&E to tlie GE 
employees was to be identical to the other customers participating in the Pilot. Tlie 
Commission’s Order dated October 7, 2008 granted authority to iiiclude the additional GE 
employees. 

’ In the Matter o) Applica t ion of Lmiisville Gas and Electric Coinpai?y for an Oider Approving a Responsive 
Pricing and Sinart Metering Pilof Prograin, Case No. 2007-00 1 17, Application at 4 (Mar. 2 1,2007). 
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Ti me Weeltdays Weeltends 
Midnight to 10 a.m. Low Low - I ^ - I I I I X ~  I ____I-_ -̂ I- _-I__I^ - . 

- Low 
*I”1IxI1_ 

10 am. to 1 p.m. Medium 

In coiiipliaiice with I<eiituclty Public Service Coiimissioii Order iii Case No. 2007-001 17, 
LG&E filed 2008 aiid 2009 interim reports evaluating the Pilot oil an aruiual basis. This interim 
report represents tlie third aiuiual update on tlie Pilot evaluation. 

October through May 
-- Ti me Weeltdays Weekends 

Midnight to 8 ami. Low Low 
_-~lllll̂ ll-̂ llll -̂ lllll - - - 

Low 
P 

8 a.m. to 6 p.m. Medium 

Pursuant to the Commission’s July 12, 2007 Order in this proceeding, LG&E filed with the 
Commission a tariff sheet establishing Residential atid General Service Responsive Pricing 
which incorporated a time-of-use rate with critical peak pricing (“CPP”). This Responsive 
Pricing Tariff became effective in January 2008. Responsive Pricing was offered to customers 
on tlie six selected routes who had lived at their residences for at least twelve months. 
Responsive Pricing participation is voluiitary and features four pricing periods (low, medium, 
high, and CPP) as opposed to a standard residential custoiiier’s flat rate (Rate Schedule RS). 
Low aiid medium priciiig periods have rates lower tliaii tlie standard residential rate aiid inalte up 
approximately 87% of tlie hours in a year. CPP events can occur during hours of high generation 
system deiiiaiid for up to eighty liours per year, iniplemeiited at LG&E’s discretion. Customers 
receive at least 30 iiiinutes notice prior to CPP events, wliicli has a rate of approximately five 
times that of tlie standard flat resideiitial rate. The rate structure and pricing changes dependiiig 
on tlie time of year and is detailed below. 

6 pm.  to 10 pm. 
10 p.m. to Midnight 

........................................................................ High 
Low 

I 9p.ni. to Midnight I Low I L 
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Monili/Yeur Low 
................................. Jan-08 0.04??"". 

Apr-08 0.0452 
May-08 0.0463 
J u n  -08 0.0466 

..... S!.I?-08. 0.0493 

Mediiiirr High Criiicul 
. .  .0:06!5 ......... 0: ! !!2 .... A?:?O62 

.!?:O6!5 . . .  O". ! !?  ....... o;O? 
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0.0571 0.1099 0.2997 
0,0582 0.1108 0.2998 
0.0587 0.11 19 0.3029 

............................................................................................................... 

............................................................................................................. 
...... ..o.!???!.. .....A! ,!! 2; 
...... 0:06!7 ......... 0:!!56 .. 

0 30?" 
O:?OP4 

00615 01150 0.3076" ........................................................ 

..... .... ....... 
.... 

... .......... 

AJII 4 8  
May-08 - - .... 
.lU11-08 

................ 

. . . . . . . . . . . . . . . . . . .  

.......... .llIl-&3, 

......... A%-!!! 
........... Stp-!)! 

.............. Juri-09 A?:O!?? ...... !.O???. ...... .!?..!,!I$. . .p ,?!.??. 
.............................................................................. 1" 0.05041 0.06291 0.IlXO[ 0.3160 

0.0185 U063U 
.- 0.U92 0.0637 
l._l-..l_. ...... 

0.01?6 ?.,g+ 
00joo 00(+!,, 

0.0523 0 0670. 
0.0535 0.0673 ........................... 

Dec-09 
....... I ....... 

.................. 

IJn-08 00530 00677 1 I cb-08 1 UU67-I 
h lx -08  0 0601 

Oct 10 007;l 
No\ - IO 1 0U746 
Dec-IO 

'11) 

High 
0.1410 
0.140S 
0.1324 
0.1355 
0. I359 

.............. 
................. 
.................. 

0. I372 

........ 0.1413. 
0.1406 
0. I423 
0.1417 
0. I377 

.................. 
.. ..0.!!76. 

............ 
............ 

.................. 

0.1395 
0. I45 1 .................. 

0.1467 

0.1452 
0.1455 
0.1445 
0.1406 
0. I420 

0.1409 
0.1436 
0. I476 
0.1478 
0.1434 
0. I467 
0. I495 

0. I540 
0. I522 

.............. 
O:!.!??! 
.......... 

.................. 

.................. 
0:!425 

............ 
............ 

............... 

.................. 

.................. 

. " O:!?SO 
................ 
................ 

0.1502 
0.1536 

............... 
.................. 

0.1544 
0. I557 
0.1569 
0.1547 

.................. 

Criiicul 
O !O@ 
O:?O?!. 
0.2948 
0.2990 
0.2987 

................. 

0.3019 
0.3023 

................ 

............. 
0.3083 
0.3066 

................. 
................ 

0.3084 
0.3082 
0.3041 

................ 
................. 

0.3059 
0.3123 ................. 
0.3136 
0.3 167. 
0.3144 
0.3149 
0.3144 

.............. 
............. 

............... 
............... 
................. 

0.3124 
0.3075 
0.3099 
0.3113 

................. 
............. 
O"???. 
O:?!?!! 
0.3 185 
0.3176 
0.3089 
0.3145 

.......... 
................. 

. . ~  ~ 

0.3208 

0.3302 

................. 
O.?!?!. 
0.3276 

............... 

. O.?22? 
0.330 1 ................. 
0.3309 
0.3325 
0.3356 
0.333 1 

................. 

The Pilot was designed to utilize four Iciiids of smart devices: smart meters; programmable 
thermostats; in-home energy usage displays; arid load coiitrol switches. Custoiiiers participating 
in tlie Respoiisive Pricing group (including tlie GE group) receive all available devices listed 
above. The remaining Pilot customer groups receive a choice of up to three in-home devices in 
addition to tlie smart meter. The customer groups are further defined on page nine and ten of this 
repost. 

Smart Meter: This is a typical electric service meter equipped with an electronic card that 
communicates over tlie secure network. The meter utilizes two-way communication and 
provides LG&E with real-time usage data. 
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Prorrrainiiiable Siiiart Thermostat: Tlie theriiiostat has a siinple desigii with inaiiy features, 
iiicludiiig a display of tlie rate plaii time of use costs ($/kWli). The theriiiostat has a 
prograiiimable temperature offset tliat can automatically react by raising the tlierinostat setting 
during high priciiig periods, but can be overridden by tlie custoiner if desired. LG&E has tlie 
ability to coinmimicate aiid send text messages to tlie tlieriiiostat to iiiforin tlie custoiner when a 
CPP eveiit is in effect. Not oiily will the text iiiessage alert tlie customer of tlie CPP eveiit taltiiig 
place, but will also iiotify them of tlie duratioii of the event. Tliese text messages will reiiiaiii 
displayed oii tlie tlieriiiostat screeii until aclcriowledged by tlie c.trstoiiier. The customer caii 
iriodify some tliermostat settings from aiiywliere by accessing a website. 

In-Home Display (IHD): The IHD is a tabletop device that displays real-time eiiergy usage aiid 
the cull-ent priciiig tier. Also, the top of tlie IHD has a color wheel representing the pricing tier 
(e.g., red indicates high-priced periods). Twenty-four-hour aiid thirty-day liistorical energy 
usage and costs are displayable as well. The IHD can be set to update priciiig iiioiithly on a 
predeterniiiied day (e.g., tlie seveiitli of every month) to coordinate closely with tlie customer’s 
typical iiieter read date. 

Load Coiitrol Switch: This switch, also luiowii as a reinote appliance controller (“RAC”), is 
placed oii aii electric water heater that caii be programmed to shut off water heater operation 
during higher-priced periods. RACs can also be iiistalled on pool pumps. Custoiners have the 
ability to override such switches if they so choose by accessing a website. 
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Natural Gas Meter Module: In addition to the above devices, a device that is an add-on module 
to existing natural gas meters has been iiicoiporated into the m a r t  network. The gas module can 
be placed into service without reiiioval and re-installation of the existing meter’s index, aiid 
contains seiisors integrated into its cover that act as a pulse counter. The gas module has a 
battery life in excess of twenty years, and stores data locally. Usage data is reported twice daily 
over the secure network. Like smart meters, these devices provide usage information for billing 
purposes and eliiiiiiiate the need to deploy a ineter reader iiioiithly to these locations. 

Counter 
Battery Housing 
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io 

LG&E evaluated poteiitial routes in 2007 aiid it was decided to iiicoi-porate six different routes in 
an effoi-t to execute the Pilot in areas representative of the eiitire service tell-itory. The routes 
were selected to include city aiid rural environiiients. Exhibit 1 shows a map of the service 
territory indicatiiig geiieral route locations. A suiiiinary of criteria used in selecting tlie routes is 
highlighted in tlie followiiig table. 

Criteria 

.......................................... 
Foliage Density 

Terrain Dy n atnics 

Cu s t onier Variety 

......................................... 

........................................ 

............................. 

............................. 

Tlie c‘Cwtonier Variety” criterion iii the table above relates to energy usage, customer type 
(residential aiid commercial), aiid building size. Tlie “Propei-ty Size” criterion relates to tlie 
acreage of the property. 

LG&E coiitracted with Trilliaiit, Iiic. (“Trilliaiit”) to be tlie hardware provider for tlie Pilot. 
Trilliaiit was respoiisible for iiistalliiig tlie coiniiiunications network aiid provided 
coininuiiicatioiis cards for tlie siiiai-t meters, as well as the other smart devices discussed herein. 
LG&E coiitracted with GoodCeiits Solutioiis (“GoodCents”) to install the sinart devices. Tlie 
smart ineter coiniriuriicatioii network coiistruction began in Septeiiiber 2007 and GoodCents 
began iiistalliiig smart devices at custoniers’ residences and businesses along the selected routes 
iii November 2007. 

On each route, GoodCeiits iiistalled siiiai-t meters on homes aiid businesses. Corninuiiicatioii 
inodules were added to tlie iiatural gas ineters for those custoiners who receive those services to 
allow flill autoinated ineter readiiig capabilities through the coiiiinuiiicatioii network. Eacli route 
also contaiiis at least two data collectors, luiown as coiiiinuiiicatioii gates. These devices are 
used to accuinulate all tlie metering data and serve as network coordinators. Tlie data collected 
is seiit to a server via internet protocol (“IP”). Multiple coiniiiuiiication gates were installed in 
each route for redundancy. This allows the data to be coiitiiiually reported tlu-ougli tlie network. 
LG&E and GoodCeiits iiistalled additioiial signal-repeating equipiiieiit where there were long 
distances between meters aiid coininuiiicatiori gates. This was especially prevalent iii the rural 
route as the equipineiit relays messages to and froiii in-network devices aiid helps improve 
overall network perforinance. 

All electric sinart meters aiid tlie coiniiiuiiicatioii iiifrastructure were iiistalled by tlie end of 
January 2008. TJpoii coinpletion of the installations, a directed marketing effort ensued to attract 
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customers to participate in the Pilot. The initial efforts targeted customers interested in the time- 
of-use rate. The goal was to have this group identified, equipiiieiit deployed, aiid customers 
educated prior to the summer of 2008. The original application suggested that the Pilot would be 
deployed within six months of approval. However, the challenges of sinart metering being an 
emerging tecluiology, being a new program to both LG&E and our custoiiiers, equipment 
availability and attracting participants ultimately delayed device deployiiient. 

As a result of LG&E’s marketing efforts and increased customer communications, 94 RS and 4 
GS customers were participating in the Pilot by December 2009 (on the RRP and GRP rate 
schedules, respectively). However, by February of 20 1 1 the numbers of residential customers 
(RS) declined to 78 (including the GE customers). In contrast, the number of GS customers grew 
to five.2 T l i ~  a total of sixteen customers requested to be reiiioved from the Responsive Pricing 
program and provided the following reasoiis: three customers nioved from the residence; one GE 
customer installed a new suite of home appliances; eleven customers reported very marginal 
savings, if any, aiid did iiot want to continue participating; mid one customer installed a new 
HVAC system. 

The sixth aiid final iiiarltetiiig aiid education effort directed toward developing the reinainiiig 
customer groups in the Pilot was deployed in 2010 in the form of personalized direct inail 
caiiipaigii. This effort yielded an overall increase of the number of participants in the remaining 
Pilot customer groups by only 17 as coinpared to last year’s results. Due to consistent low 
customer receptiveness to multiple marketing campaigns, LG&E found that developing 
additional inarltetiiig strategies to emoll the remaining participant groups was no longer 
appropriate and decided to cease ftirtlier iiiarketing efforts. 

’ It has been difficult to sign up GS custoniers, as many of these customers are concerned about the coinfort of their 
own customers during high priced time-of-use periods. 
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Smart Programmable In I lome 

Meters Tliermos tat Display 

Tlie Pilot iricoi-porated several combinations of smart devices to deteriniiie whether custoiners 
would cliaiige their electric aiid gas usage if provided with various types of tools and eiiergy cost 
iiiforiiiation. Custoiners residing 011 the selected ineteriiig routes that did iiot voluiiteer for 
Respoiisive Priciiig were eligible to receive oiie or inore smart devices: up to one hiuidred fifty 
custoiriers would receive programmable tlierinostats aiid IHDs; up to oiie huiidred fifty 
custorners would receive prograiiimable tlierinostats aiid RACs; aiid up to an additional oiie 
hundred customers would receive oiily IHDs. The followiiig tables summarize device 
installatioils for tlie 

Load Control 

Snitch 

Pilot Device Goals 

Pilot Goals 

Respansilt Rate Customer Groop 

GECns tomer Groaip 
I 

Thermostat and Display Group 

I I Demand Conserwatioii Group 
I 

Display Only Group 

I 
lControI Group 
I 

Total 

1,450 

2,015 

Control Type 

Responsive Pricing Rate 

Responsive Pricing Ible 

No Rile Control 

No Rate Control 

No Rite Control 

No Rate Control 

Load control switch installations on water heaters are less than first anticipated due to L,G&E’s service territory 
heavy utilization of natural gas as an energy source. 
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2010 Smart Programm&le In Home 

Pilot Participants Meters Tlierniostnt Display 

Responsiw Rate Customer Group 74 82 70 

GE Cus tomer Group 9 9 8 

'lllermostnt mid Display Group 85 90 85 

Demand Conserntion Groiip 13 12 7 

Display Only Groiip 93 0 93 

Control Group 1,535 

Ibt;d 1,809 193 263 

Load Control 

Snitcll3 

16 

I 

0 

8 

0 

25 

Control Type 

Route 5 
Route 6 
Total 

Responsive Pricing Rate 

348 31 351 25 3 62 87 0 
399 I O  0 18 1 40 53 24 

1,676 I33 1,132 74 9 193 263 25 

Responsive Pricing Rate 

No Rate Control 

No Rate Control 

No Rate Control 

No Rate Control 

Some customers have more than one type of device. For example, customers with two air conditioner iinits could 
have two thermostats and in-home display if desired. 
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esi es ysis5 

Operation al 
Approximately 99% of electric meters aiid 69% of gas modules report energy usage 011 a regular 
basis. Non-reporting meters continue to be generally related to foliage issues, location of nieters, 
aiid occasioiial hardware malfunctions. More specifically, LG&E discovered that a noticeable 
nuiiiber of gas modules were exhibiting unpredictable network performance and reporting energy 
usage iiiterinittently. L,G&E reinoved approximately 28% of gas modules in an effoi-t to better 
understand device hardware iiialfLinctioiis. In addition, LG&E continued to iiioiiitor performance 
of tlie remaiiiiiig gas niodules and began collectiiig visual ineter reads to ensure acceptable 
operational perforniance and coiitiiiuous customer service. L,G&E lias recognized that different 
variations of einergiiig technologies need to be evaluated on a periodic basis. Though this 
process may not be warranted within tlie scope of tlie Pilot, LG&E believes such evaluations are 
necessary to allow for tlie developiiieiit of ongoing quality control aiid uriderstaiiding of potential 
interoperability issues as new teclinologies and standards continue to develop. 

Also, Route 6 lias provided valuable insight into the operatioils of network infrastructure in rural 
areas. In particular, LG&E lias learned that network performance can be iiiiproved tlu-ough 
deployinent of additional sigiial repeating equipment to overcome natural barriers such as foliage 
and the distance between tlie meters aiid communication gates. At the same time, LG&E 
recognizes that there are areas of identified routes wliere the costs associated with deploying 
additional network equipment may iiot be econoniically justifiable. 

CPP Event Timinz 

Though the Pilot includes residential and coininercial customers, too few commercial customers have participated 5 

in the Pilot to allow for a separate analysis of their behavior. 
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During peak energy usage hours, a critical peak pricing (CPP) period was called on eight 
occasions during the suininer of 2010. CPP events lasting 4 hours in duration occurred from 
15:OO (3:OO p.ni.) to 19:OO (7:OO p.in.) on June 17, Julie 18, Julie 22, June 23, Julie 25, and 
August 10. CPP events lasting 3 hours in duration occurred from 15:OO (3:OO p.m.) to 18:OO 
(6:OO p.ni.) on July 15 and July 23. The warmest critical day had a high temperature of 100 
degrees, much wanner than the average high temperatures for Louisville, which typically range 
between 95 and 96 degrees. 

Yew 

2008 

2009 

2010 

Sunin 

Date 
July 18 

August 11 
August I2 

Septeiiiber 4 
.lllnc 2 
June 19 
June 24 
June 26 
July 28 

August 26 
June 17 

July 2 1 

June 18 
June 22 
June 2.3 
June 25 

.July 23 
August I O  

July 15 

16:OO - 18:OO 
16.00 - 18:OO 
1600 - 18.00 
16:OO- 18:OO 
15:OO - 19.00 
14:OO - 18.00 
14.00 - 18:OO 
14.00 - 18.00 
14:OO - 18.00 
14:OO - 18:OO 
15.00 - 19:OO 
15:OO - 19.00 
15:OO - 19.00 
15.00 - 19.00 
15.00 - 19.00 
15:oo ~ 18:OO 
15:OO- 18:OO 
15:OO - 19.00 

89 
19 
81 
86 
89 
91 
91 
92 
82 
89 
90 
93 
93 
94 
91 
94 
95 
100 

Weather 
Louisville, Kentucky had an unusually warm suiiiiiier in 20 10 as ineasured by the total number 
of cooling degree-days recorded. The number of cooling degree days recorded for the suniiiier 
of 20 10 was approximately 2,000 days, which is significantly warmer than the previous five 
suininers (suiiiiner of 2009 recorded 1,100 days, summer of 2008 recorded 1,600 days, suininer 
of 2007 recorded 1,700 days, the slimmer of 2006 recorded at 1,300 and the siiinnier of 2005 
recorded 1,600 days). The warniest month recorded in 201 0 was August. 

Tlt ird-Party Evnlicatioizs 
LG&E contracted with Goodcents Solutions to coiiduct the evaluation, ineasureinent and 
verification (EM&V) analysis and determine tlie potential load reductions associated with tlie 
Responsive Pricing Pilot program. Goodcents evaluated liourly meter data for the suniiner 
cooling season of June through September 2010 with tlie prirnary goal of determining how 
custoiners responded to the Responsive Pricing time-of-use rates, focusiiig priniarily on the 
critical peak pricing (“CPP”) events. The analysis utilizes regression modeling and provides 
considerable detail about the Pilot’s 201 0 operations. GoodCents’ fully detailed analysis report 
can be found in Exhibit 2. 
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Demand Conservation m. 
Demand 

Hour Conservation (kW>:I: 
15:OO 0.536 
1G:OO 0.291 
1700 0.3 14 

GoodCents’ analysis was based on the approximately 90 Responsive Pricing customers arid the 
approximately 1,400 other residential custoiiiers and included energy usage for critical price days 
as well as non-critical price days. The number of customers evaluated by GoodCents is different 
than actual riuinber of participants reported earlier in this repoi-t due to different time periods 
being discussed and customers’ move-ins and move-outs. 

Resmnsive Pricing Load Reductions 
Responsive Pricing 

(kW ) Difference (kW) 
0.958 0.422 
0.886 0.595 
0.567 0.253 

The analysis of the summer 2010 time periods reflected that tlie maxiiiinm average load 
reduction was 0.98 ItW and occurred at hour 1S:OO. Tables below display average load 
reductions over all CPP days for each custoiiier group wlieii compared to control group 
customers. Hour 18:OO and 19:OO reductions are negative due to bounce-back effect discussed 
later in the report. 

EM&V results from GoodCeiits’ analysis shows high-quality load reductions for demand 
response. Average load reductions resulting fiom critical pricing periods vary froniO.5 ltW to 1 .O 
1tW per hour. On Julie 25, 2010, tlie CPP events deiiioiistrated that at 1S:OO (3:OO p.in.), on a 91 
degree day, LG&E can expect a load reduction of 1.1 1tW per Respoiisive Pricing participant. 
Although data deinoiistrates that Responsive Pricing customers are curtailing their usage for the 
first few liours of the critical peak pricing period, they appear to have overridden their 
curtailment efforts during the last hour of tlie CPP events. The load reductions found resulting 
fiorn critical peak pricing periods are higher tliaii tlie load reductions fouiid in previous EM&V 
studies of LG&E’s Demand Conservation Load Management Prograiii at tlie same operatioiial 
temperatures and hour of control. 
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Each of tlie custoiiier groups illustrated on page ten of this report, with tlie exception of tlie 
Display group, deiiionstrakd load reduction during tlie CPP periods. However, the Display and 
tlie Thermostat and Display groups demonstrated largest load reductioiis oii noli-CPP eveiit days. 

The Tlieriiiostat aiid Display group’s largest load reduction was 1.03 ltW, which occurred oii J ~ l y  
20 at hour 14. Tliis load difference corresponds to 35% reduction iii tlie Thermostat aiid Display 
group’s load. Additionally, aliiiost half of this group’s eiiergy usage occ‘cirs in the low tier of the 
rate schedule. 

Tlie Display group showed consistently no load reductioiis 011 the CPP days during the suiiiiiier 
of 2010 with eiiergy usage siinilar to that of control group during all hours of the day. Iiistead, 
the largest eiiergy usage difference of 0.371 1sW occurred at hour 17:OO and was observed oii 
Julie 27 which was iiot a CPP day. Analysis of the average eiiergy usage during each tier of the 
Responsive Priciiig rate schedule for alinost all Display group customers fouiid that 
approxiiiiately half of the custoiner’s eiiergy usage occurs iii tlie low tier of the rate schedule 
(52%). In coinparisoii, 53.5% of tlie Coiitrol group’s energy usage occurs in the low tier of tlie 
rate scliedule. 

Overall the Responsive Pricing load reductioiis were greatest in the first hour of tlie critical peak 
priciiig period and then decreased throughout tlie evening. Custoiiiers are begiimiiig to use tlie 
appliances or turiiiiig up the air conditioriiiig before the critical peak priciiig period is over during 
liours 18:OO aiid 19:OO. Tlie daily load shapes for tlie average Respoiisive Pricing custoiners 
changed aiid resulted in daily deinand being shifted from high-priced hours to lower-priced 
hours. Based on a coinparisoii of tlie average hourly eiiergy usage between tlie Respoiisive 
Priciiig group aiid Coiitrol group, load was fouiid to shift from higher-priced weelsday hours to 
the lower-priced off-peak and weelteiid tiine periods. 

In contrast, tlie wiiiter aiialysis reflects 110 CPP events during the iiioiiths of October 2010 
through February 20 1 1 due to LG&E beiiig a summer-pealtiiig utility. Because a sigiiificaiit 
portion of LG&E’s service territory uses natural gas for heating, smaller electric energy 
reductioiis would be expected during wiiiter periods. Therefore, it is ideal to iiiipleiiieiit CPP 
during summer periods iii suiniiier pealtiiig utilities. 

Tlie aiialysis of tlie Responsive Pricing Pilot’s third and last sumiiier of data deiiionstrates 
participating custoiners have continued to decrease their eiiergy usage slightly in liigli- aiid 
critical-peak priced periods; however, Responsive Pricing custoiiiers used iiiore energy overall 
throughout tlie sumiiier periods compared to iioii-Responsive Priciiig residential customers. 

GE Emplovees 
Smart device iristallation for the GE employees begaii tlie last week of October 2008 aiid was 
completed by mid-December 2008. Up to fifteen GE employees were approved by the 
Cominission for inclusion into the Pilot as Responsive Pricing customers; however, cuil-ently 
only nine GE employees are participating oil tlie Pilot. The GE Group showed tlie largest 
reductions during tlie CPP periods during tlie suiniiier of 20 10 with the inaxiinuin average load 
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reduction of 1.83 1tW recorded at hour 1S:OO. 011 average the GE group demonstrated load 
reductions of 0.85 1tW niore than tlie Responsive Rate group. The combination of smart 
appliances with tlie Respoiisive Pricing prograin allows tlie customers to reduce deiiiand on the 
L,G&E system. 

Boiiizce -Back Effect 
When a load coiitrol or CPP period ends, it is imperative not to create a new system load peak. 
This pheiioineiioii caii occur when HVAC systems operate to lower or raise tlie temperature in 
tlie premise to a predetermined thermostat setting. This plieiioinenon is luiown as a snapbaclt or 
bounce-back effect. Varying tlie total system load through added coiiiiiiLuiicatioiis technologies 
between tlie utility aiid premise equipment inay mitigate negative results related to bouiice-back. 
However, further studies would be needed to validate tlie true overall impact. 

Based on the bounce-back effect data captured in 2009, LG&E decided to evaluate whether CPP 
events should be called for a longer period that extends further into the eveiiiiig hours (e.g., 
should tlie CPP event eiid at 7:OO p.ni. instead of 6:00 p.iii.) to determine whether the bouiice- 
back effect iiiight be impacted. Thus, 20 10 CPP events were iiiipleineiited in two different 
duratioiis to help investigate tlie effect on tlie size and duration of tlie bounce-back period after 
the release of critical peak rate. All 2010 CPP events began at 15:OO (3:OO p.m.). June and 
August CPP events coiicluded at 19:OO (7:OO p.iri.), wliile July CPP events coiicluded at 18:OO 
(6:OO pm.). GoodCerits analyzed the Responsive Pricing aiid tlie GE customers specifically for 
bounce-back effect after the eiid of tlie CPP coiitrol period. 

As evidenced in 2009, tlie 2010 bounce-back for GE customers was inore pronounced than for 
Responsive Pricing customers, as depicted in the graph below. This is believed to be attributed 
to all sinart appliances coining back oiiliiie iiistantaneously after the last hour of a CPP event. It 
should be noted that the appliaiices which GE customers used in tlie Pilot were first generation 
GE sinai-t appliances. GE has indicated that tlie latest generation of sinart appliances being 
developed incorporates methods designed to mitigate the bounce-back effect. The graph below 
shows tlie bounce-back after release of tlie critical rate for tlie Responsive Pricing custoiiiers and 
tlie bounce-back after release of the critical rate for GE custoiners, respectively. 
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The four-hour CPP events implemented in June and August exhibited a larger bounce-back than 
the tlwee-hour CPP events implemented in Jdy.  Responsive Pricing customers demonstrated aii 
average bounce-back of approxiinately 0.8 1tW following a four-hour CPP event and 0.5 1tW 
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Monthly Energy Usage (ItWh) 
Minimum Maxiinurn Average 

following a tluee-hour CPP event. Moreover, GE custoiners deinoiistrated an average bounce- 
back of 2.0 1tW following a four-hour CPP event and 1 .S  1tW following a tluee-hour CPP event. 
In comparison, tlie Responsive Pricing customers and GE customers both deirioiistrated an 
average bounce-back of approximately 0.6 kW in 2009. Consequently, tlie effect of tlie eventual 
bounce-back may be directly correlated with tlie duration of tlie CPP period, regardless of tlie 
time tlie CPP event began. TJnderstandiiig both tlie aiiiount aiid timing of bounce-back is 
important in assessing its impact on total system peak deniand. 

Monthly Total Billed Cost ($) 
Minimum Maximuin Average 

Participant Usage a id  Costs 
GoodCeiits coinpared tlie energy usage by price tier and tlieii utilized tlie data to calculate a 
standard bill and Responsive Pricing Rate bill for tlie Responsive Pricing pai-ticipants for tlie 
siiniiiier of 20 10. For tlie billing cycles of June through September, tlie Responsive Pricing 
customers incurred an average total bill of $5 16.08. In comparison, tlie Responsive Pricing 
customers would have iiicui+red ai1 average total bill cost of $523.66 during tlie saiiie billing 
cycles if billed 011 tlie traditional residential rate. GoodCeiits also determined tliat Responsive 
Pricing custoiiiers used more energy 01% tlie low aiid medium priced weekend rates than on tlie 
weekday rates coinpared to customers on tlie traditioiial rate structure. 

Responsive Pricing customer usage data is detailed in tlie followiiig table. Pilot participant 12- 
month liistorical usage (i.e., usage prior to begiixiiiig of Pilot) and Pilot usage are included. The 
data is displayed in 1tWli and $ for iniiiiinuin, maximum, and average per participant. Minimuni 
aiid inaxiinuin values are based on average inontlily usage by participant for each specified tiine 
period. Costs are total customer electric billed costs. A customer’s usage for each period can 
vary for iiiaiiy reasons and depends on wlien the customer enrolled in tlie program (i.e., electrical 
usage in cooling season will geiierally be higlier tliaii heating season because air conditioners use 
large ainounts of electricity arid inaiiy custoniers’ heating units primarily use natural gas). 

Responsive Rate Participant 
Usage and Cost 

12 Months Prior 
99 I 335 2,942 1,273 I 31 280 

I I 
435 3,631 1,503 I 33 409 11.3 I 

3,400 1,296 j 1; f:l ro I 116 

111 3,293 1,422 
-_I- 

Prozram Costs 
The program costs versus plaii caii be found in tlie following cliai-t. Tlie plan contained expenses 
starting in 2008; however, some expenses were incurred in 2007 related to Pilot planmirig. Tlie 
Pilot actual spend througli 2008 was $197,000 less tlian plan. The major variance to tlie planned 
budget tlirough 2008 was due to delays in receiving equipineiit and coritiiiued definition of 
contractual inilestoiies with tlie teclmology vendor. The over spend in tlie 2009 and 2010 budget 
was due to extensive customer niarket research; aggressive marketing campaigns; steady 
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customer coiiimunications efforts; in-home equipment installations and network equipment 
service. 
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In response to customer feedback captured in 2009, LG&E took tlie opportunity to evaluate 
various methods of communication, interaction and feedback between tlie Respoiisive Pricing 
customers and tlie company. The main objective of this effort was to create a stronger sense of 
“community” arid provide more direction to pilot participants with their energy consuniption. 

In March 2010, LG&E launched a web site specifically designed for Responsive Pricing 
participants. Tlie availability of this web site was comm.l;lnicated witli all Responsive Pricing 
participants tlxougli e-mail. The web site was desigiied to enable tlie customers to obtain 
information arid guidance from LG&E to lielp custoiners optiinize tlieir energy coiisuiiiptioii on 
an individual basis. LG&E posted regular articles on a monthly basis and encouraged customers 
to actively participate by comineritiiig on tlie articles and sliariiig their experiences with LG&E’s 
Responsive Pricing program. Articles covered variety of topics, including the Responsive 
Pricing bill layout; critical peak pricing preparedness; energy efficiency; and the transition 
between pricing schedules. Additionally, LG&E included refereiice guide docuinents to help 
custoiners re-familiarize themselves witli iii-home equipinent wlieii needed. 

L,G&E experieiiced a noticeably low level of interaction from tlie Responsive Pricing 
participants. For instance, L,G&E captured tlie iiuniber of custoiner visits to the web site in an 
effort to track frequency of site traffic aiid customer awareiiess. For tlie months of March 
tlxougli August, the main “Home” page received 57 hits; tlie “About tlie Program” page received 
19 hits; aiid tlie “Feedbacl<” page received only 6 hits. Likewise, only 4% of tlie Responsive 
Pricing customers actively submitted coininelits using web site’s feedback function, mainly to 
acluiowledge the articles posted and provide general opinion. 

Moreover, LG&E perforined an analysis for each of tlie Responsive Pricing customers based on 
tlieir individual eiiergy usage behaviors over tlie suinmer of 2009 period comparing both tlieir 
overall energy bill on tlie Responsive Pricing rate with the traditional RS rate aiid tlie timing of 
tlieir energy usage to tliat of other customers participating in the pilot. Tlie results of this 
analysis were used to generate personalized custoiner reports for each of the 92 participating 
Responsive Pricing customers. L,G&E mailed tlie custoiiier reports to tlie Responsive Pricing 
customers in May 201 0. LG&E desigiied tlie reports to lielp Responsive Pricing customers 
better understand what measiires to tala in order to shift tlieir usage from tlie High and Critical 
rate periods. In addition, tlie Responsive Pricing customers were advised to: (1) monitor tlie 
changes iii rate periods using tlie in-home display; (2) use non-essential appliances, such as the 
dishwasher, clothes washer aiid dryer during off-peak times; (3) adjust thermostat and liot water 
settings to miiiimize usage during tlie High and Critical rate periods and (4) avoid use during the 
Critical rate period, whenever possible. 

The customer reports established tliat an average Responsive Pricing customer experienced a 
1.4% bill decrease for tlie suininer 2009 billing period. Similarly, nearly 1 1 % of the Responsive 
Pricing customers demonstrated more than 6% iii bill savings. On tlie other hand, approximately 
6.5% of tlie Responsive Pricing customers experiericed a bill increase of 10% or more for the 
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suiniiier 2009 billing period. In addition, tlie custonier reports established that 17% of tlie 
Responsive Pricing customers were alinost bill neutral. Consequently, tlie number of tlie 
Responsive Pricing participants declined by approximately 1 1 %. Customers, who decided to 110 
longer participate, informed LG&E that the opportunity for energy cost savings was the main 
reason they liad signed up. 

Example of tlie custoiner report for an average Responsive Pricing custoiner can be found in 
Exhibit 3. 
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Tlie Responsive Pricing Pilot impleineiitation aiid operations to date have been successful. The 
equipment and coiniiiunication technologies deployed continue to be fully operational aiid have 
acliieved tlie purposes of tlie pilot. Nevertheless, LG&E lias recognized tlie need to give strong 
consideration to up-and-coming technologies in metering aiid network communications, wliicli 
could help overcoiiie geography-specific barriers as well as lielp evaluate iinpleinentatioii rislcs 
associated with einergiiig technologies. 

The findings to date indicate that load reductions can be achieved tlirougli iinpleiiieiitation of 
time-of-use pricing and CPP events. Moreover, customers on tlie Responsive Pricing Tariff are 
receptive to pricing signals as evidenced by tlie shifts in tlieir energy usage. In addition, 
custoiners are willing to receive information and corninunication to inform them on tlie impact of 
tlieir existing behaviors and areas for improvement. 

Tlie temperatures duriiig sLiiniiier 20 I 0 were significantly warmer tliaii previous years and 
provided considerable data for evaluation. The results were positive and produced demand 
saviiigs up to 1 1cW per Pilot participant. Average bounce-back was greater on days wlieii the 
critical peak Pricing period was in effect for four hours than on tlie days wlien tlie critical peak 
pricing period was in place for tlu-ee hours. Tlie niaxiiiium average load increase after CPP is 
released amounts to 0.8 ItW. 

In response to custoiner feedback captured in 2009, LG&E launclied a web site specifically 
designed for Responsive Pricing participants to help custoiners share their experiences and 
program feedback. In addition, LG&E provided all Responsive Pricing pai3icipants with a 
personalized custoiner report which included analysis on tlieir individual energy usage behavior 
as well as tips on using energy more efficiently. Tlie resulting impact of this customized 
approach initiated sliglitly inore coininunicatioii aiid interaction from Responsive Pricing 
custoiners. Nonetlieless, customer reaction to aforeinentioned methods of coiiiinunicatioii 
continued to be umeinarltable. 

LG&E recognizes that ongoing custoiiier engagement and behavior will require further 
understanding and evaluation to ensure active customer participation, participant education aiid 
retention. Also, LG&E plans to continue understanding and evaluating customer perspectives of 
new einerging tecluiologies. 
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Introduction 
I n  2008, LG&E started the Responsive Pricing (SmartRate) and Smart Meter pilot program, 
designed to provide residential customers a variable rate schedule for their energy usage 
during the summers of 2008, 2009 and 2010. During peak energy usage hours a critical 
peak pricing (CPP) rate was initiated on 8 occasions throughout the summer of 2010 for the 
SmartRate customers. The participating SmartRate customers were provided Smartstat and 
Smartview equipment, as well as professional energy management advice and the ability t o  
pre-program their thermostats settings to  respond to  the various pricing rates. Most 
thermostats were programmed for a 2-degree increase at the beginning of the high price 
tier of the rate schedule ( 1 : O O  pm) and the thermostat was increased an additional degree if 
a CPP event was called. 

LG&E divided customers into five main customer groups in order to  determine the savings 
associated with the Responsive Pricing and Smart Meter pilot program: the SmartRate 
Group, the Information Only group, the Demand Conservation group, the Display Only 
group, and the Control group. The GE group was a subgroup of the SmartRate group. Each 
participant group was a self-selection convenience sample resulting from recruitment by 
LG&E staff from the smart meter pilot population. The smart meter allowed energy usage 
data to  be collected on an hourly basis for the length of the pilot. Goodcents received 
energy usage data for approximately 90 SmartRate customers and approximately 1,400 
residential customers beginning with the date that the smart meter equipment was 
installed. 

Goodcents was contracted to conduct the measurement and verification (M&V) analysis and 
determine the potential load reductions associated with the SmartRate program. The 
following report explains in detail the analysis methodology, as well as the results. 

Weather Analysis 
The variation of weather and climate has a great impact on the SmartRate program's 
effectiveness and the resulting load reductions. The majority of customers participating in 
the SmartRate program live near the Louisville area. Louisville, Kentucky had an unusually 
warm summer in 2010 as measured by the total number of cooling degree days recorded. 
The Louisville area experienced 2,062 cooling degrees days (CDD) during the summer of 
2010. The 30 year average for Louisville is 1,410 CDD from March to September. During 
the summer of 2009 there were 1,290 recorded CDD. The summer of 2010 was warmer 
than normal by 652 CDD, in addition to  being warmer than the previous summer by 772 
CDD. 
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A critical period was called eight times during the summer of 2010 for SmartRate 
customers. The warmest critical day, August I O t h ,  had a high temperature of 100 Degrees 
(F). This is warmer than expected high temperatures for Louisville, which typically range 
between 95 and 96 Degrees (F). 

Load Impact Analysis 
As mentioned in the introduction, customers with smart meters were divided into five 
groups and one subgroup. The table below shows each of the customer groups and 
subgroups, as well as the number of customers within each group and the program 
features. 

\ ~ . m 2 @ ~ r ~ ~ c  ggm@$J 

Demand 
Conservation 

Customer Group SmartRate Information Only 
_ _  

89 I 1409 
I 

Display 
Device 

As the following graph demonstrates, the average load of the Control group was lower than 
the average load of each of the test groups during almost every hour of the summer of 
2010. This makes identifying and quantifying load reductions problematic because the test 
group’s overall consumption is so much higher. 
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It was decided that a subset of the Control group should be created whose monthly iisage 
mirrored that of the test group. This will allow load reductions to be identified and 
quantified. There were 1,409 customers in the initial Control group. It was concluded that 
selecting a random subset of 500 customers with similar monthly energy usage would be 
large enough to keep the benefits of having a large sample size. A separate Control 
comparison group was selected each month for each experimental group. This Control 
comparison group is referred to as 'Residential Customers' in this report. A more detailed 
explanation of the sample selection methodology is included in Appendix A. 

Once the data is compiled and Control comparison groups selected, Goodcents verifies each 
critical day using graphical methods by developing an average load shape for each day that 
the critical peak rate was initiated for all of the customer groups. The plot below shows the 
usage of all customer groups on the CPP day of June 23rd. 
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The GE SmartRate customers show the largest load reductions followed by the SmartRate 
customers. 

Month 

During the summer of 2010, critical peak pricing events were called on a total of eight days. 
The following table provides the dates and classification of the two types of events, along 
with the number of Cooling Degree Days. 

Day CDD StartTime (EDT) End Time (EDT) 

June 
June 
June 
June 
June 
July 

17 15 3:OO PM 7:OO PM 
18 18 3:OO PM 7:OO PM 
22 20 3:OO PM 7:OO PM 

7:OO PM 23 22 3:OO PM 
25 16 3:OO PM 7:OO PM 

6:OO PM 3:OO PM 15 18 

_. 

- 

July 
August 

One CPP day, August lo th ,  had a maximum temperature of 100 Degrees (F). Surprisingly, 
load reductions on this day, were among the smallest of the eight CPP events. This 
suggests that there may be a point where customers begin to ignore the critical rate and 
use their air conditioning regardless of what i t  costs. 

23 I 22 I 3:OO PM I 6:OO PM 
10 I 26 I 3:OO PM 7:OO PM 
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The average load reduction, or difference between the Control comparison group and each 
of the other customer groups, was calculated for each CPP day during the critical period. 
The average load reductions, or differences, for each hour and critical day are shown in the 
table below for each customer group. Hour 19 is negative and indicates bounce-back from 
the critical rate and will be discussed later in the report. 

7 



During the July CPP Events, the Critical rate ends at 6:00 pm; therefore, hour 18 is 
negative. 

Overall, the GE group had the highest adjusted load reduction at 1.83 kW during hour 15 of 
the June and August events. For example, i f  air temperature were to remain constant at 92 
Degrees (F) for the duration of a CPP event, an average GE group customer would be 
expected to  use 7 fewer kilowatt hours than a comparable residential rate customer 
between 1:00 pm and 7:00 pm. The Regression model of GE customers using critical and 
high price tier days shows that the critical price accounts for 0.77 kW of this reduction. The 
high price tier in effect on non-critical days accounts far the remainder, or 1.06 kW. 

Information Only and Demand Conservation customers show load reductions almost equal 
to the SmartRate group during early afternoon hours. The thermostats provided to these 
customers were pre-programmed to  adjust up and down according to  the SmartRate 
schedule. This is a considerable result because these customers have no financial incentive 
to modify their behavior. 

Regression models were developed in order to determine the load reduction for the 
SmartRate group, including GE customers, on critical (CPP) days as compared to high price 
tier non-critical days. The highest average load reduction found on 2010 critical days was 
0.98 kW, during hour 15 of the July events. The Regression model of SmartRate customers 
using critical and high price tier days shows that the critical price accounts for 0.52 kW of 
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this reduction. The high price tier in effect on non-critical days accounts for the remainder, 
or 0.46 kW. 

The following graph compares the SmartRate group's estimated load on a typical CPP day 
using regression coefficients determined during the modeling process. 

Bounce-Back after Release of Critical Rate 
Any utility instituting load reduction programs for HVAC systems must be careful not to 
create a new peak when control or a critical rate is released. This phenomenon occurs 
because the HVAC systems will run to lower or raise the temperature in the home to pre- 
control thermostat settings and is known as the snapback or  bounce-back effect. 
Goodcents analyzed the SmartRate and the GE customers specifically for this effect due to  
the large amount of control exhibited during the critical rate period. 

CPP events of two different durations were called to investigate the effect on the size and 
duration of the bounce-back period. All 2010 events began at 3 : O O  pm EDT. The lune and 
August events lasted until 7 : O O  pm, while the two July events concluded a t  6:OO pm. On 
CPP event days, the SmartRate group is billed according to the 'High' pricing tier from 1:OO 
pm to 3:OO pm and the 'Critical' rate takes effect at 3 : O O  pm. 

The graph below shows the bounce-back after release of the critical rate for the SmartRate 
customers. The SmartRate customers show the largest bounce-back in the second hour 
after the critical pricing for both the 3 hour and 4 hour events. 
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Bounce-Back Comparison - SmartRate Group 

18 39 20 21 22 23 
Hour 

The following graph examines the bounce-back period for the GE group. 

Bounce-Back Comparison - GE Group 

3 
-IC 

18  19 2a 2 1  22 23 
Hour 

The bounce-back for GE customers is more pronounced than SmartRate customers and the 
high bounce-back period lasts for the rest of the day, peaking at hour 22. The 4 hour CPP 
events called in June and August show a larger bounce-back than the 3 hour events called 
in July. 

The load increase after CPP is released is substantial and should be taken into account by 
system planning i f  the SmartRate program is offered to  significant numbers of customers. 
'The size of the eventual bounce-back appears to  be directly correlated with the duration of 
the CPP period. 
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Billed Energy Comparison for SmartRate Customers 
Goodcents was supplied SmartRate (including GE customers) customers' summer billed 
energy usage before the rate was implemented in 2007. From this information, a 
comparison of summer behavior before and after the SmartRate implementation was 
developed. All of the energy use in a home is not weather dependent; therefore, a baseline 
load of 29 kWh per day was subtracted from each month's mean energy use to calculate an 
average weather dependent load for each month. The summers of 2007 and 2010 were 
considerably warmer than the summer of 2009; therefore, the data is weather normalized. 

June 
June 
June 
July 
July 
July 

August 
August 
August 

September 
September 

The following chart shows the monthly comparisons for 2007, 2009 and 2010. 

2007 98 1503 870 633 376 1.684 
2009 97 1296 870 426 338 1.260 
2010 90 1879 870 1009 492 2.051 

2007 98 1657 899 758 396 1.914 
2009 97 1565 899 666 271 2.458 

2010 90 2022 899 1123 507 2.215 

2007 98 1923 899 1024 629 1.628 
2009 97 1395 899 496 325 1.526 
2010 90 2007 899 1108 560 1.979 
2007 98 1829 870 959 350 2.740 
2009 97 1427 870 557 192 2.901 

Based on the information presented in the table above, i t  does not appear that participation 
in the SmartRate program affects the amount of energy customers use per CDD. Each year 
SmartRate Customers use a little over 2 kWh, above baseline, per CDD. The major impact 
of the SmartRate program is when customers use energy, not how much energy they use. 
The following table compares each year's weather dependent usage based on the 30 year 
average number of summer CDD in Louisville. 
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Weather Dependent Weather Normalized Difference 
Energy per CDD Energy in kWh from 2007 

Normal CDD 
- 

Summer 2007 
Summer 2009 
Summer 2010 

1.927 1271 2449 

1.905 1271 2421 -28 

2.019 1271 2566 117 

I n  the graph below, the average monthly consumption of the SmartRate customers before 
pragram implementation, 2007, is compared to the average monthly consumption since 
implementation. 

Monthly Energy Comparsion Before and After 
SmartRate Implementation 

i - 

2500 f'" 

June July August September 

Month 

2007 

2009 

b '  2010 
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Conclusions and Recommendations 
M&V results show consistent load reductions for the SmartRate program. Average hourly 
load reductions resulting from CPP implementation vary from 0.55 kW to 0.98 kW. 'The 
highest observed difference between the SmartRate group and its Control comparison group 
during the summer of 2010 occurred on June 25th. From 3 : O O  pm to 4:OO pm, when the 
temperature was 9 1  Degrees (F), LG&E saw an average load reduction of 1.10 kW per 
SmartRate participant, 

Goodcents determined the average proportion of use under each price tier for each month 
and then used this information to calculate both a standard bill and SmartRate bill for an 
average SmartRate customer for the summer of 2010 (June - September). The SmartRate 
customer had a total summer bill of $516.09 on SmartRate pricing. The same customer 
would have been billed $523.65 on the normal Residential rate. Goodcents also determined 
that customers on the SmartRate program used 22.1% of their summer weekday energy 
during hours when the 'High' and 'Critical' rates were in place. Standard residential 
customers used 25.5O/o of their summer weekday energy during these hours. This is 
evidence of behavior modification due to  the rate schedule. 

The average load reduction, or difference between the Control comparison group and each 
of the other customer groups, was calculated for each CPP day during the critical period. 
The average load reductions, or differences, for each hour are shown in the table below for 
each customer group. Hours 15 through 18 show load reductions and hour 19 is negative, 
indicating bounce-back from the critical rate, for the June and August events. Both hours 
18 and 19 are negative for the July CPP events because the duration of these two events 
was three hours. 
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SmartRate 
GE 

Information Only 
"Display Only 

Demand Conservation 

Goodcents adjusted for the differences in daily use between each group and its Control 
comparison group to  obtain the average load reductions for the two different types of CPP 
days in the table above. Each of the customer groups, other than the Display Only group, 
showed load reduction during the CPP periods. The GE Group showed the largest reductions 
during the CPP periods during the summer of 2010. The combination o f  smart appliances 
with the SmartRate allows the customer to significantly reduce demand on the LG&E system 
during peak hours. 

0.96 0.89 0.57 0.57 -0.42 

1.83 1.59 1.04 1.25 -0.07 

0.79 0.44 0.14 0.13 -0.49 

0.66 0.13 0.18 0.38 -0.77 

The Information Only group's largest single-hour load reduction was 1.03 kW, which 
occurred on July 20th at hour 14. This demand response could be because customers in the 
Information Only group are responding to the visual signals they receive on their thermostat 
and programming it to increase by a few degrees at the onset of the 'High' pricing period, or 
because their thermostats are programmed for them upon installation. As shown in the 
table above, on days when CPP events were called, the Information Only group showed load 
reductions almost as large as the SmartRate group during the first hour of CPP (hour 15). 

The Display Only group showed no load reductions on CPP days during the summer of 2010. 
Goodcents discovered June 27th had the largest load reduction o f  0.371 kW occurring at 
hour 17. Analysis of the average energy [Jsage during each tier of the SmartRate pricing 
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schedule for the Display Only customers found that over half of the customer's energy 
usage occurs in the low tier of the rate schedule (52%). 

Overall the SmartRate load reductions were greatest in the first hour of the critical peak 
pricing period across all CPP events and decreased throughout the evening. Much of the 
load reduction is because the customers' thermostats are programmed to  increase their 
setting during the CPP period. This first hour shows the largest load reduction because the 
home is being allowed to  warm up, reducing air conditioning demand. Once the 
temperature in the home has reached the new setting, the HVAC system still has to  work to 
maintain that new setting. This explains why load reductions decrease as the CPP period 
goes on. After the CPP period, the thermostat is programmed to  drop its temperature 
setting and the HVAC system has to work to  achieve this new setting, creating the bounce- 
back effect. 
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ntroductio 
In  2008, LG&E began installing smart meters on 2,000 homes and businesses across 
various regions of their service territory. Those 2,000 customers with smart meters became 
eligible for a Responsive Pricing program, called SmartRate, designed to provide residential 
customers a variable rate schedule for their energy usage during the summers of 2008, 
2009 and 2010. SmartRate energy costs were lower than the typical energy cost for most 
hours throughout the year. However, the costs for SmartRate are higher during peak 
energy usage hours. During peak energy usage hours a critical peak pricing (CPP) rate was 
initiated on 8 occasions. The participating SmartRate customers were provided Smartstat 
and Smartview equipment, as well as professional energy management advice and the 
ability to pre-program their thermostats settings to respond to the various pricing rates. 
Most thermostats were programmed for a 2-degree increase a t  the beginning of the high 
price tier of the rate (1 :OO pm) and the thermostat was increased an additional degree if a 
CPP event was called. 

There were five main customer groups in addition to  one subgroup in the program. The first 
group is the SmartRate Group as discussed above. Within this group there were 10 
customers with smart GE appliances which were labeled as the GE group. The second group 
is the Information Only group, which contained 79 customers. This group received a 
thermostat, display device, and no rate control. The third group is the Demand 
Conservation group, which contained 13 customers. This group of customers received a 
thermostat, water heater control, and no rate control. The fourth group is the Display Only 
group containing 89 customers who received a display device and no rate control. The last 
group is the Control group which is the remaining customers that have no special equipment 
or rate control. There are approximately 1,400 customers in this group. 

The SmartRate participant group was a self-selection convenience sample resulting from 
recruitment by LG&E staff from the smart meter population. The smart meter allowed 
energy usage data to  be collected on an hourly basis for the entire length of the SmartRate 
pilot. Goodcents received energy usage data for ninety-four SmartRate customers and 
approximately 1,400 residential customers beginning with the date that the smart meter 
equipment was installed. Energy usage data including both critical priced days and non- 
critical priced days were available for all customers and were used in load impact analysis 
and model development for the SmartRate pilot. Goodcents will compare the SmartRate 
customers’ usage to the residential customers on the Smart Meter pilot program throughout 
the summers of 2008, 2009 and 2010 on hot days and CPP days. We will use the SmartRate 
customers’ load data on CPP days and non-CPP days to model the load reductions during 
the ‘High’ and ’Critical’ price tiers of the SmartRate pricing schedule. 
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The following graphs outline the three tiered pricing structure during June and lu l y  of 2010. 
These rate schedules do not include the critical peak rate since the critical peak rate is only 
initiated during peak hours. The critical peak rate is 30.7434 per kWh. 
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New rates took effect August 1, 2010. There were no changes to  the hourly assignment of 
the pricing tiers, however customers were charged slightly more per kWh under each tier. 
The critical peak rate also increased from 30.743$ to  32.3644. per kWh. The following 
figures outline the hourly energy prices for SmartRate customers during August and 
September of 2010. 
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SmartRate Weekday Price Schedule 
August - September 

Standard Residential Rate: 7 
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As the preceding graphs show, SmartRate customers pay less for energy than the standard 
residential rate during 148 of the 168 hours each week. This report: finds that, during the 
summer of 2010, SmartRate customers used slightly more energy than a comparable group 
of standard residential customers. However, SmartRate customers showed significantly 
lower consumption during the hours when their rates were above the standard residential 
rate. 
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Weather Review 

Summer 2010 Review 
The summer of 2010 was considerably warmer than 2008 or 2009, making i t  the hottest 
summer since the inception of the SmartRate program. The graph below shows the number 
of cooling degree days (CDD) for the summers of 2007, 2008, 2009, and 2010 by month. 
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The following graph compares the summer of 2010 to  the 30 year averages for the 
Louisville area. Each month, April through September, was warmer than average. 
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There were 58 total days with temperatures over 90 degrees for the summer of 2010. The 
following graph shows the number of recorded days with high temperatures of  90 degrees 
or above for the summers of 2005 through 2010. I f  a monthly bar is missing, there were 
no days above 90 degrees during the month for that year. 
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The histogram below displays the number of days where the high temperature was above 
80 Degrees (F) by month. 
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Number of Days with Temperatures 
Above 80 Degrees - Summer 2010 
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The maximum daily temperature was above 80 Degrees (F) every day of June, July, and 
August. August had the highest concentration of days with maximum temperatures 95 
Degrees (F) or higher. 

The following chart shows the average air temperatures, by month, from March 2010 to 
September 2010. 

Mean Temperature Comparison 
Summer 2010 
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Month 
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August was the warmest month of the season with a mean air temperature 1.7 Degrees (F) 
higher than June and July. The following table provides temperature statistics on the eight 
summer days when critical peak pricing events were called, 

Maximum Daily Temperatures 
Critical Peak Pricing Events 

J u n e  17 J u n e  18 J u n e  22 J u n e  23 J u n e  25 July 15 J u l y 2 3  August 10 

Date 

The warmest CPP day was August l o th  and the coolest was June 17th. 
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I m pact An a lysis 
As mentioned in the introduction, customers with smart meters were divided into five 
groups and one subgroup. The table below shows each of the customer groups and 
subgraups, as well as the number of customers within each group and the program 
features. Random samples of 500 customers were selected from the Control group for 
comparison to  each of the other groups. These are referred to as 'Residential Customers' in 
this report. 

Control 
Group 

Customer Group SmartRate Information Only Demand Display Only 
Conservation -- 

Goodcents developed an average load shape for each day that the critical peak rate was 
initiated for all of the customer groups. The plot below shows the usage of all customer 
groups an the CPP day of June 23rd. 

__ ~ _ _  - - __ - ._ __ 
Hourly Demand by Group - June 23,2010 

Maximum Daily Temperature 94 Degrees (F) 
. . _-__ - . . _ ~ ~ _ _ _  r . ..___ 

0 0  -I- 7-- , -  -- 5 - 1 - 4  I ,  4 ,-----,I __ 

O 1 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 21 22 23 

Hour .- __ . . . .- - _. _-__ _..__ .. . .. . . - .. _ - . . . - . 
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There is a considerable drop in usage for the SmartRate customers. The GE group is also 
on the responsive rate pricing pilot and shows an even greater drop in usage than the 
SmartRate customers. 

Goodcents will discuss each pilot group in further detail in the following sections. 

SmartRate Impac t  Analysis 
The SmartRate customers received all of the possible equipment choices: a thermostat, 
display device and water heater control. There were approximately 90 customers 
participating in this group. Goodcents divided the SmartRate customers’ monthly usages 
into 3 strata based on total monthly kWh. Next, a random sample of 500 customers was 
selected from the Control group using the strata breakpoints to  produce a Control 
comparison group. This Control comparison group is what is referred to  as ‘Residential 
Customers‘ in the following charts and tables. The methodology for selecting the Control 
Comparison group is explained in more detail in Appendix A. Strata breakpoints are 
provided in Appendix 8. 

CPP Implementation 

The critical peak rate was implemented on eight days by LG&E throughout the summer of 
2010. Thirty minutes prior t o  the initiation of the critical peak rate, a red light would flash 
on each participant’s Smartview and Smartstat notifying each customer of the critical peak 
pricing rate. The Smartstat was programmed to  adjust the customer‘s heating or cooling 
thermostat settings during these critical peak periods. However, the customer was able to 
bypass the settings to manually control their temperature during these critical peak periods. 
The customer’s response to the critical peak rates, as well as the response to other variable 
rates, will be presented from a load reduction and energy reduction perspective in the 
following report. 

LG&E notified Goodcents when critical rate prices were in effect throughout the summer of 
2010. The critical rate price schedule, including the start t ime and end t ime of each critical 
rate period, and the maximum daily temperature gathered from the local National Weather 
Service weather station are shown below in the following table. 
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June 

June 

June 

June 

June 

July 

July 

August 

Each time the critical peak price was initiated temperatures were greater than or  equal to  
90 degrees. One CPP day, August I O t h ,  had a maximum temperature of 100 Degrees (F). 
Surprisingly, load reductions on this day, were among the smallest of the eight CPP events. 
This suggests that there may be a point where customers begin to  ignore the critical rate 
and use their air conditioning regardless of what it costs. 

17 90 3 -  7 PM EDT 

18 93 3 - 7 PM EDT 

22 93 3 - 7 PM EDT 

23 94 3 - 7 PM EDT 

25 9 1  3 - 7 PM EDT 

15 94 3 - 6 PM EDT 

23 95 3 - 6 PM EDT 

10 100 3 - 7 P M EDT 

Comparison of Energy Usage on CPP Implementation Days 

GaodCents also developed average load shapes for all days that the critical peak rate was 
initiated for both the SmartRate customers and the standard rate residential customers. 
Each critical peak pricing day is examined in detail below. 
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0 
1 
2 
3 

2.27 2.09 0.18 
1.92 1.81 0.11 
1.62 1.58 0.05 
1.56 1.40 0.16 

4 

The table to the left shows the premise 
mean for SmartRate customers and the 
premise mean for the standard rate 
residential customers, as well as the 
difference between the two values. The 
daily premise energy usage is calculated 
for both the SmartRate customers and 
standard rate residential customers. 
Hours when the CPP rate was in effect 
are highlighted. Over the four hours the 
critical rate was in place, the SmartRate 
customers used 3.07 fewer kWh of 
energy than the residential customers. 

1.32 1.28 0.04 
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5 1.25 1.24 0.01 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1.40 1.32 0.08 
1.69 1.44 0.25 
1.83 1.66 0.17 
1.68 1.85 -0.17 
1.97 2.16 -0.19 
2.20 2.39 -0.18 
2.44 2.52 - 0.08 
1.98 2.76 -0.78 
2.03 2.97 -0.95 
2.18 3.20 -1.02 
2.48 3.44 -0.96 
3.02 3.58 -0.56 __ 
3.03 3.56 -0.53 
4.11 3.51 0.60 



- SmartRate Mean Demand 

8 
9 
10 
11 
12 

The graph above and the figure to the 
right compare the SmartRate customers 
to residential customers on June 18th, 
2010. The maximum daily temperature 
was 93 Degrees (F). Even though 
temperatures were warmer than the 
previous day, load reductions were not 
as large. Over the four hours the critical 
rate was in place, the SmartRate 
customers used 2.56 fewer kWh of 
energy than the residential customers. 

1.88 1.68 0.20 
2.13 1.91 0.23 
2.42 2.22 0.20 
2.59 2.53 0.06 
2.82 2.86 -0.04 

SrnartRate Mean Residential Mean 
Demand Demand 

Hour Difference 

n 7 75 2 23 0 52 

13 I 2.40 3.09 -0.69 
14 I 2.78 3.32 -0.53 
15 
16 
17 
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2.67 3.49 -0.83 
2.91 3.73 -0.82 
3.42 3.92 -0.50 

18 
19 
20 
21 

3.57 . 3.98 -0.41 
4.47 3.92 0.54 
4.39 3.78 0.62 
4.29 3.67 0.61 
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June 22,2010 Demand Comparison 
SmartRate vs. Residential 

. . . -. - . . . 

Difference 
SmartRate Mean Residential Mean 

Demand Demand 
Hour 

n > CQ 7 A 7  n 11 . 

called in 2010. The maximum ai r  
temperature recorded in the Louisville area 
was 93 Degrees (F). Load reductions were " L."" L.7, Y . L I  

1 2.60 2.19 0.40 largest during the first hour of the CPP 
2 2.51 1.98 0.53 event. Over the four hours the critical rate 

was in place, the SmartRate customers 
used 2.42 fewer kWh of energy than the 
resid entia I custom e rs , 

3 1  2.29 1.82 0.47 
4 1  2.12 1.70 0.42 
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- __ - - __ 
June 23,2010 Demand Comparison 

SmartRate vs. Residential 
. _- . - . .- 5 "  _,_ _._ 

I 

Control comparison group for .lune, 
23rd, 2010. 
second largest load reduction of 

Hour 15 shows the 

2010. The SmartRate customers' 
average demand was 1.07 kW 

the residential customers. Over 
the four hours that CPP was in 
place, the SmartRate group 

lower than the average demand of 

averaged 2.69 fewer kWh than the 
residential group. 

- Residential Mean Demand 

0.52 0 3.19 2.66 
1 3.04 2.39 0.65 
2 2.74 2.16 0.58 
3 2.57 2.01 0.56 
4 2.39 1.94 0.45 
5 2.38 1.90 0.48 
6 2.43 1.96 0.47 
7 2.41 2.05 0.36 
8 2.37 2.17 0.20 
9 2.40 2.38 0.02 
10 2.80 2.77 0.04 
11 3.18 3.06 0.12 
12 3.74 3.41 0.33 
13 2.97 3.60 -0.63 
14 2.94 3.79 -0.85 
15 2.80 3.87 -1.07- - 
16 3.18 4.02 -0.83 
17 3.86 4.17 -0.31 
18 3.76 4.24 - -0.48 

.I_ 

19 4.63 4.18 0.46 
20 4.78 4.01 0.77 
21 4.48 3.95 0.53 
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I n  the graph above and the table t o  
the right, average hourly loads of 
the SmartRate group are compared 
to  the averaae hourlv loads of its 
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June 25,2010 Demand Comparison 
SmartRate vs. Residential 

- -. 

5 0  r- 

SmartRate Mean Residential Mean 
Demand Demand 

Hour Difference 

I n  the graph above and the table to the 
right, average hourly loads of the 
SmartRate group are compared to  the 
average hourly loads of its Control 
comparison group for June, 25th, 2010. 
The largest hourly load reduction of the 
summer of 2010 occurred during the 
first hour of CPP on this day. Over the 
four hours the critical rate was in place, 
the SmartRate customers used 2.94 
fewer kWh of energy than the 
resid entia I custom e rs . 
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__r_ SmartRate Mean Demand 

- 
1 
2 

The two CPP events called in July began 
at 3 :OO PM and concluded at 6:00 PM. 
The first, July lSth, is shown in the graph 
above and the table to the right. Hours 
that the critical rate was in place are 
highlighted in the table. SmartRate 
customers showed significant load 
reductions during the first two hours of 
CPP. During the last hour, load 
reductions were less dramatic. Over the 
three hours the critical rate was in place, 
the SmartRate customers used 2.18 
fewer kWh of energy than the residential 
customers . 

~~ _. . - 
2.97 2.36 I 0.61 
2.78 2.10 I 0.68 

SmartRate Mean Residential Mean Difference 
Hour Demand Demand 

n 2 73 2 62 0 11 

3 
4 
5 
6 
7 

2.44 1.92 0.52 
2.15 1.78 0.37 
1.95 1.66 0.29 
1.98 1.73 0.25 
2.07 1.77 0.30 

8 
9 
10 
11 
12 
13 
14 

2.16 1.94 0.22 
2.43 2.25 0.18 
2.67 2.59 0.08 
3.14 2.92 0.21 
3.48 3.22 0.26 
2.67 3.48 -0.81 
2.77 3.61 -0.84 
2.87 3.79 1 -0.92 1 5 -  I 

16 I 3.18 3.98 I -0.80 
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July 23,2010 Demand Comparison 
SmartRate vs. Residential 

._ . - - . 
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SmartRate Mean Residential Mean in the accompanying figures was 95 
Difference 

Demand Demand 
0 3.24 2.87 0.37 
1 3.34 2.56 0.78 
2 3.02 2.38 0.64 
3 2.72 2.25 0.47 
4 2.45 2.12 0.34 
5 2.45 2.06 0.38 
6 2.44 2.03 0.41 
7 2.48 2.14 0.33 

Deqrees (F). Load reductions were not 

8 1  2.68 2.22 0.45 
9 1  2.93 2.50 0.43 
10 3.12 2.82 0.30 
11 3.35 3.11 0.24 
12 3.50 3.35 0.14 
13 I 2.82 3.61 -0.80 
14 I 3.07 3.82 I -0.75 
15 3.12 3.95 -0.83 

4.03 -0.72 
17 3.76 4.16 -0.40 

- 16 3.31 
,_ 

18 I 4.70 4.30 0.40 
19 I 4.73 4.23 0.50 

- . .  

as large as those observed earlier in the 
season on days when temperatures were 
not as high. Over the three hours the 
critical rate was in place, the SmartRate 
customers used 1.95 fewer kWh of 
energy than the residential customers. 
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August 10,2010 Demand Comparison 
SmartRate vs. Residential _ _ _  _ _ _ _ _ _ _ . _ _ _ . _ _ _  ___.- 
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SmartRate Mean Residential Mean 
Demand Demand Difference temperature was 100 Degrees. It also 

Hour 
" 

showed the smallest load reductions of 0 3.43 3.01 0.42 
the summer. Over the four hours the 1 3.35 2.76 0.58 

critical rate was in place, the SmartRate 
customers used 1.91 fewer kWh of 
energy than the residential customers. 
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The following table is a summary of the tables found on the previous pages. This table 
displays the difference between energy usage for the SmartRate customers and standard 
rate residential customers (also referred to as the Control comparison group) for each CPP 
period. 

The maximum load reductions occurred during the first hour of CPP, hour 15.  

The following graph shows the average load reductions for each hour over all CPP days that 
were shown above. 
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Average Load Reduction for Summer 2010 
SmartRate Customers vs. Control Group 

3 x 

I 15 16 17 18 
Hour 

The average load reduction is greatest during the first hour of the critical rate but then 
decreases throughout the critical peak pricing period. 
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Bounce-Back after Release of CPP 

The customer‘s load rebounds as CPP is released. I n  2010, CPP was called for 3-hour 
periods in July and 4-hour periods in June and August. The bounce-back effect is largest for 
both durations during the second hour after CPP. Average bounce-back was larger on days 
when the critical rate was in effect for 4 hours than on the days when the critical rate was in 
place for 3 hours. I n  the following graph, the bounce-back period is examined for both 
types of events. 

Bounce-Back Comparison - SmartRate Group 
I 0.90 

0.75 

0.60 

3 0.45 

0 30 

0.15 

)rc 

o m  
18 19 20 2 1  22 23 

Hour 

The following table examines the hourly demand differences between the SmartRate group 
and its Control comparison group on each of the eight CPP days. The June and August CPP 
events lasted until 7:OO pm; therefore, hour 18 is not a part of the bounce-back period. 
The largest observed difference between the two groups occurred on June 22”d during hour 
20. The SmartRate group averaged 0.93 kW more demand than residential customers 
during this hour. 
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17-Jun 
17-Jun 
17-Jun 
18-Jun 
18-Jun 
18-Jun 
22-Jun 
22-Jun 
22-Jun 
23-Jun 
23-Jun 
23-Jun 
25-Jun 
25-Jun 
25-Jun 
15-Jul 
15-Jul 
15-Jul 
23-Jul 
23-Jul 
23-Jul 

10-Aug 
10-Aug 
10-Aug 

Regression models were developed t o  compare the SmartRate customers’ weekday usage 
patterns with members of the Control comparison group. This model was run using three 
separate subsets of summer data to generate load impact estimates under different 
conditions. The parameters produced by these models assume the hourly rate structure 
that was present during the summer of 2010. Appendix C contains the regression 
methodology, parameter estimates and calculations of load reduction based on these 
estimates. Appendix D contains the regression output. 
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SmartRate 4.11 4.15 3.90 3.70 3.09 
Residential 3.51 3.39 3.20 2.98 2.53 
Difference 0.60 0.76 0.70 0.72 0.56 

4.47 4.39 4.29 4.05 3.53 
Residential I 3.92 3.78 3.67 3.53 3.19 
Difference 0.54 0.62 0.61 0.53 0.34 
SmartRate 4.32 4.55 4.45 4.18 3.54 
Residential 3.80 3.62 3.57 3.35 3.03 
Difference 0.52 0.93 0.88 0.84 0.51 

4.63 4.78 4.48 4.28 3.84 
4.18 4.01 3.95 3.65 3.25 

Difference 0.46 0.77 0.53 0.64 0.59 
SmartRate 4.28 4.17 3.90 3.78 3.07 
Residential 3.62 3.34 3.22 3.10 2.73 
Difference 0.67 0.82 0.67 0.68 0.34 
SmartRate 4.78 4.61 4.37 4.23 4.09 3.55 

Reside nti al 4.26 4.18 3.97 3.84 3.70 3.29 
Difference 0.51 0.43 0.39 0.39 0.39 0.27 
SmartRate 4.70 4.73 4.41 4.19 4.06 3.77 
Residential 4.30 4.23 4.04 3.87 3.77 3.41 
Difference 0.40 0.50 0.38 0.32 0.28 0.37 

5.07 5.06 4.93 4.68 4.11 SmartRate 
Residential 4.51 4.28 4.15 3.89 3.55 
Difference 0.56 0.78 0.78 0.78 0.56 

SmartRate - 

SmarttRate -- 
Residential .- 

- 
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Summer Monthly Energy Usage Comparison 

The following graph shows the average monthly consumption for the SmartRate customers 
and its Control comparison groups from June to September. 

__ 

Monthly Usage Comparison Summer 2010 
SmartRate vs. Residential 

~~ ._ .. . - _._. 2500 1-- 

The SmartRate customers use more energy during most summer months. However, the 
graph above shows that there is only a small difference in energy usage between the two 
customer groups. The month of August shows the largest difference in energy usage, with 
a difference of  102 kWh. 

The graph above shows the difference in total energy usage between the SmartRate 
customers and the residential customers during the summer of 2010. Overall, SmartRate 
customers did not appear to make significant changes to their usage even though their daily 
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usage patterns show significant differences especially on CPP days as compared to 
residential customers throughout the summer of 2010. 

SmartRate customers are subjected to both 'High' and 'Critical' pricing on weekdays. They 
receive visual signals on their thermostat and in-home display (IHD) device when these 
pricing tiers are in effect. This occurs from 1:00 pm to 6 : O O  pm during June, July, August, 
and September. 'High' and 'Critical' rates are not in effect on weekends under either the 
winter o r  summer rate schedules. 

The two pie charts below compare weekday and weekend consumption levels during these 
months and show that SmartRate customers use a smaller percentage of their summer 
power on weekdays than standard residential customers. Because the kWh usages of the 
two groups are not identical, i t  is important to use percentages of seasonal usage when 
comparing the two. 

The next two pie charts show how the two groups differ on weekdays during the different 
pricing periods. 
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SmartRate customers use 3.4% less weekday energy than residential customers during 
’Critical’ and ‘High‘ pricing periods. This is exactly what the SmartRate program is designed 
to accomplish. Customers are given financial incentives to  shift their loads away from peak 
hours and they are responding. 

The final pair of pie charts compares these groups on weekends. There are no ‘High’ or 
‘Critical’ periods on weekends, so the differences between the two groups on weekends 
should be much less dramatic than on weekdays. 

Weekend Usage by Pricing Tier 
Rate Customers 

Low 

Medium 

Weekend Usage by Pricing Tier 
Residential Customers 

Low 

Medium 

The ’Medium’ pricing period gives participants some incentive to shift loads away from peak 
afternoon hours. The SmartRate customers use 25.2% of their summer weekend energy 
during the ‘Medium‘ pricing tier, while the Control comparison group uses 25.5%. 
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Summer Weekday eekend Energy 

The following graph shows weekday and weekend demand for both groups. _ -  
June 2010 Average Hourly Demand 
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The SmartRate customers exhibit the expected behavior during this period. Demand 
plummets during hour 13 and then gradually increases through the afternoon hours. The 
SmartRate customers' average demand becomes higher than its Control comparison group's 
weekday demand during hour 18. 

June 2010 SmartRate Customer Hourly Demand 

by Type of Day __ 
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I July 2010 Average Hourly Demand 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour 

During summer peak months the ’High‘ pricing period occurs from 1 : O O  pm to 6300 pm on 
weekdays. During this period, on weekdays, the SmartRate group’s average demand is 
lower than its Control comparison group. The difference is most pronounced from 2 : O O  pm 
to  3 : O O  pm, when the SmartRate group’s average demand is 0.71 kW lower than the 
average demand of its Control comparison group. Once the ‘High’ pricing period ends, the 
SmartRate group‘s demand spikes and is 0.46 kW higher than residential customers. 

July 2010 SmartRate Customer Hourly Demand by 
Type of Day r- 

3 
Y 

____--- 

-SmartRate Weekday 

42 



" "...~ .-_._I.-_I.-.-.-.̂ - ~ ...--.-....-...--i... ..... " ...-..-l.." 

August 2010 Average Hourly Demand 
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The largest difference between SmartRate customer average hourly weekday demand and 
residential customer average hourly weekday demand in August occurred during the second 
hour of the 'High' pricing period, fram 2 : O O  pm EDT to  3:OO pm EDT. The average load 
reduction during this hour was 0.51 kW. When SmartRate customers' weekday demand is 
compared t o  its weekend demand, the difference is 1.06 kW. 

August 2010 SmartRate Customer Hourly Demand 
by Type of Day 
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~ I ' " . M . ~ ~ ~ ~ ~ ~ ~ ~ - - ~ ~  "."" 
September 2010 Average Hourly Demand 
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Load reductions during the 'High' pricing period were less dramatic for the SmartRate group 
in September than in previous summer months. September had only 266 cooling degree 
days, compared to 492 in June, 507 in July, and 560 in August. Milder temperatures reduce 
demand on a home's air conditioning unit, which reduces the impact of altered thermostat 
settings during the 'High' pricing period. Average SmartRate weekday demand was 0.24 
kW lower than residential customers during Hour 13 ( 1 : O O  pm - 2 : O O  pm) and 0.32 kW 
lower in Hour 14. 
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The following table provides a breakdown of how an average SmartRate customer’s summer 
energy bills would look under the responsive pricing structure and the standard residential 
rate. 

As the table shows, average customer savings are minimal on the SmartRate program. 
Based on this information a typical customer can expect to  save approximately $2 per 
month during the summer months by participating in the SmartRate program. 

Billed Energy Comparison for SmartRate Customers 

Goodcents was supplied SmartRate (including GE customers) customers’ summer billed 
energy usage before the rate was implemented in 2007. From this information, a 
comparison of summer behavior before and after the SmartRate implementation was 
developed. Not all of the energy use in a home is weather dependent; therefore, a baseline 
load was subtracted from each month‘s mean energy use to calculate an average weather 
dependent load for each month. The summers of 2007 and 2010 were considerably warmer 
than the summer of 2009; therefore, the data is weather normalized. 

The following chart shows the monthly comparisons for 2007, 2009 and 2010. 
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Month 
Number of Mean Monthly Baseline Weather Weather Dependent 
Customers Billed Energy kWh Dependent kWh Energy per CDD 

Year CDD 

Based on the information presented in the table above, i t  does not appear that participation 
in the SmartRate program affects the amount of energy customers use per CDD. Each year 
SmartRate customers use a little over 2 kWh, above baseline, per CDD. The major impact 
of the SmartRate program is when customers use energy, not how much energy they use. 
The following table compares each year's weather dependent usage based on the 30 year 
average number of summer CDD in Louisville. 

June 

June 

June 

July 

July 

July 

August 

August 

August 

September 

September 

2007 98 1503 870 633 376 1.684 

2009 97 1296 870 426 338 1.260 
2010 90 1879 870 1009 492 2.051 
2007 98 1657 899 758 396 1.914 

2009 97 1565 899 666 271 2.458 
2010 90 2022 899 1123 507 2.215 

2007 - 98 1923 899 1024 629 1.628 

2009 97 1395 899 496 325 1.526 

2010 90 2007 899 1108 560 1.979 
2007 98 1829 870 959 350 2.740 

2009 97 1427 870 557 192 2.901 

.. ... 

Weather Dependent Weather Normalized Difference 
Energy per CDD Energy in kWh from 2007 

Normal CDD 
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Summer 2007 I 1.927 1271 2449 

Summer 2010 I 2.019 1271 2566 117 



SmartRate customer behavior in 2009 indicates that they would use slightly less weather 
dependent energy than they would have in 2007. This was reversed in 2010. Based on 
these results, the effects of this program would be better described as load-shifting, rather 
than load-reducing. The main focus of this report is to  examine the size and scale of these 
shifts. 

I n  the graph below, the average monthly consumption of the SmartRate customers before 
program implementation, 2007, is compared to the average monthly consumption since 
implementation. 

I 
Monthly Energy Comparsion Before and After 

SmartRate Implementation 

June July August September 

Month 
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GE Impact Analysis 
The GE group is a subgroup of the SmartRate group made up of GE employees. These 
customers received all of the equipment choices: a thermostat, display device and water 
heater control, along with GE smart appliances. These customers also received the CPP rate 
and were notified of CPP implementation. There were 10 customers participating in this 
group. Goodcents divided the GE customers' monthly usages into 3 strata based on total 
monthly kWh. Next, a random sample of 500 customers was selected from the Control 
group using the strata breakpoints to  produce a Control comparison group. This Control 
comparison group is what is referred to as 'Residential Customers' in the following charts 
and tables. The methodology for selecting the Control comparison group is explained in 
more detail in Appendix A. Strata breakpoints are provided in Appendix 8. 

Comparison of GE Customer's Energy Usage on CPP Days 

Goodcents developed average load shapes for all days that the critical peak rate was 
initiated for both the GE customers and the GE Control comparison group. Each critical peak 
pricing day is examined in detail below. I n  the graph below, the average hourly loads of the 
two groups are compared on the first CPP day of 2010, June 17th. 

. 

_. __________ ~. - 

June 17,2010 Demand Comparison 
GE vs. Residential ~_ - .. - r 6.0 1- 

0.0 -I-----, ' , , I , ,  I , I---- I 8 . r , , ,  -____- 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Hour 
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The following plots show the comparison for the CPP days June 18th and June 22nd. Notice 
that the average hourly load of the GE group is considerably higher than that of the 
residential customers for all hours that the 'High' and 'Critical' tiers are not in place. On 
lune  18th, the GE customers used an average of 11.84 more kWh than residential 
customers. On June 22nd, the difference was 11.03 kWh. The result of this discrepancy is 
that load reductions are diminished and bounce-back effects are inflated. 

6.0 1-- - .-- - -~ 1 . __ __. 

June 18,2010 Demand Comparison 
GE vs. Residential 
- -~ 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

-__ Hour __ ~. - - - 

-- - -7 - __ - ~- 

June 22,2010 Demand Comparison 
GE vs. Residential 
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0.0 4- I----- -- ---- - <--?I-- --I-----,- 
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Below is the comparison for the CPP days June 23rd and June 2Sth. The differences in the 
average energy used by the two groups were 8.26 kWh on June 23rd and 11.72 kWh on 
June 2Sth. This uneven matching of the test group and the Control comparison group is a 
consequence of the small sample size of the GE group. 

_ _  - _______ - - 

June 23,2010 Demand Comparison 
GE vs. Residential 

- .. _ _  - - - 
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Below is the comparison for the CPP days July 15th and .July 23rd. The 'Critical' rate was in 
place from 3:OO pm to  6:OO pm for these two events. On July the GE customers 
averaged 86.24 kWh, while the residential customers only averaged 69.22 kWh. This 
makes load reductions appear small and bounce-back effects appear very large. Average 
daily use was much closer on July 23rd, with the GE customers averaging only 4.20 kWh 
more than its Control comparison group. 

_ _ _ _  - -- ._ 

July 15,2010 Demand Comparison 
GE vs. Residential 
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July 23,2010 Demand Comparison 
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Last, the CPP day August I O t h  is displayed below. This was the hottest CPP day of 2010 and 
the dramatic load reductions that were observed on previous CPP days are not present. 

August 10,2010 Demand Comparison 
GE vs. Residential 

. .- - .. . 

- ,--- -I_?-- -7- 
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25-J u n 
15-Jul 
15-Jul 
15-JUI 
23-JUI 
23-Jul 
23-Jul 
10-AUg 
10-AUg 
10-AUg 
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- 9 1  Difference -1.374 -1.140 -0.583 -0.682 1.169 
94 GE 2.793 3.556 4.030 5.465 5.931 

94 Control 3.697 3.866 4.036 4.158 4.079 
94 Difference -0.904 -0.310 -0.006 1.307 1.853 

- 95 - GE 2.716 3.193 2.966 4.443 4.501 

95 Control 3.843 3.922 4.034 4.202 4.144 
95 Difference -1.l27 -0.728 -1.068 0.241 0.357 - 
100 GE 3.444 3.861 4.034 3.978 5.091 

100 Control 4.084 4.217 4.350 4.409 4.443 
100 Difference -0.639 -0.356 -0.316 -0.431 0.648 
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The following graph shows the adjusted average load reductions for each hour over all CPP 
days. This adjustment takes into consideration the differences in average daily usage 
between the GE group and its Control comparison group by comparing differences in the 
percent of daily load which occur during each hour and applying these differences to  the 
average load of the GE group. This technique accounts for the reduced demand differences 
observed during CPP due to the GE group’s higher usage. 

.- _ _ _ _ ~ _ _ _ .  _______ ______ - 

Average Load Reduction Summer 2010 
GE vs. Residential 
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The average load reduction is greatest during the first hour of the critical rate but then 
decreases throughout the critical peak pricing period. It is apparent from the graph that 
customers begin to use their appliances during the last hour of the critical rate. Customers 
could be preparing dinner or watching the news, etc. 
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Bounce-Back after Release of CPP 

The customer's load rebounds as CPP is released. We begin to see this effect in the hour 
immediately following CPP, but loads remain higher than the Control comparison group for 
several hours after control is released. The highest bounce-back after release of the CPP 
signal occurs in hour 22. 

I Bounce-Back Comparison - GE Group 

3 
3 

18 19 20 21  22 23 
Hour 

The following table compares the hours following CPP for the eight days when 'Critical' 
pricing was enacted in 2010. Remember that these observed differences inflate the bounce- 
back effect because GE customers are using more energy than residential customers on 
these days. 
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18-Jun 
22-Jun 

22-Jun 

22-Jun 

23-J u n 

Regression models were developed to  compare the GE customers’ weekday usage patterns 
with members of the Control comparison group. This model was run using three separate 
subsets of summer data to generate load impact estimates under different conditions. The 
parameters produced by these models assume the hourly rate structure that was present 
during the summer of 2010. Appendix C contains the regression methodology, parameter 
estimates and calculations of load reduction based on these estimates. 
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Difference kW 0.764 1.453 1.574 1.290 1.158 
GE kW 4.021 5.135 5.303 5.522 4.430 

3.654 3.513 3.334 2.955 
1.480 1.790 2.187 1.475 

GE kW 4.740 5.414 5.370 5.045 4.604 

-- 
.- -- Residential kW 3.758 

0.263 
~ 

Difference kW- - 

15-J u I 
15-Jul 

15-Jul 

23-Jul 

23-Jul 
23-Jul 

10-Aug 

10-Aug 
10-Aug 

GE kW 5.465 5.931 5.426 5.314 4.898 4.148 

Residential kW 4.158 4.079 3.914 3.800 3.560 3.156 

Difference kW 1.307 1.853 1.512 1.514 1.338 0.993 
4.720 4.460 4.471 4.257 

Residential kW 4.202 4.144 4.018 3.784 3.631 3.328 

Difference kW 0.241 0.357 0.702 0.676 0.840 0.929 
GE kW 5.091 5.644 5.572 5.880 5.425 

Residential kW 4.443 4.314 4.201 3.934 3.587 

Difference kW 0.648 1.330 1.371 1.946 1.838 

-- GE kW _. 4.443 4.501 

_- 



Summer Energy Use and Cost Comparison for the GE Group 

The following graph shows the average monthly consumption for the GE customers and its 
Control comparison groups from June to  September. Each month, the GE customers used 
more energy than the residential customers. Load reduction and bounce-back estimates 
must be adjusted to  account for this difference. 

- - ___ - - - - - __ - 
Monthly Usage Comparison Summer 2010 

GE vs. Residential 
____ - _____ . - . 2500 -r 

The GE customers use more energy during the summer months. As the graph above 
shows, the difference is greater than 150 kWh each month. The month of June shows the 
largest difference in energy usage, with a difference of 254 kWh. 
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GE customers are subjected to  both 'High' and 'Critical' pricing on weekdays. They receive 
visual signals on their thermostat and IHD device and can program their GE Smart 

57 



appliances not t o  run when these pricing tiers are in effect. This occurs from 1 : O O  pm to  
6:OO pm during June, July, August and September. ‘High’ and ’Critical’ rates are not in 
effect on weekends under either the winter or summer rate schedules. The two pie charts 
below compare weekday and weekend consumption levels during these months and show 
that GE customers use a smaller percentage of their summer power on weekdays than 
standard residential customers. Because the kWh usages of the two groups are not 
identical, i t  is important to use percentages of seasonal usage when comparing the two. 

The next two pie charts show how the two groups differ on weekdays during the different 
pricing periods. 

GE customers use significantly less energy than residential customers during ‘Critical‘ and 
‘High’ pricing periods. GE customers use an even smaller percentage of their weekday 
energy than the SmartRate group as a whole during these hours. This is exactly what the 
GE program is designed to  accomplish, enhance the load reductions produced by the 
SmartRate program. 
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The final pair of pie charts compares these groups on weekends. There are no 'High' or 
'Critical' periods on weekends, so differences between the two groups on weekends should 
be much less dramatic than on weekdays. 

Weekend Usage by Pricing Tier 
GE Customers 

Low 

Medium 

Weekend Usage by Pricing Tier 

Low 

Medium 

However, the 'Medium' pricing period gives participants some incentive to shift loads away 
from peak afternoon hours. The GE customers do not appear to respond to  this weekend 
incentive because they are using a larger percentage of their weekend energy during the 
'Medium' pricing period than residential customers. 

The following table provides a breakdown of how an average GE customer's summer energy 
bills would look under the responsive pricing structure and the standard residential rate. 

Electric No. 7 -  $10 per month 

As the table shows, average customer savings are about $4 per month on the GE program. 
This is a slightly larger savings than was observed with the SmartRate group as a whole. 
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GE Impact Analysis Conclusions 

The GE group was a sub-group of the SmartRate group that was given 'Smart' appliances 
that could be programmed in accordance with the rate schedule. Based on an examination 
of hourly load shapes and regression modeling of load reductions during 'High' and 'Critical' 
pricing periods, the GE subgroup shows even more response to  the responsive pricing 
structure and accompanying equipment than the SmartRate group as a whole. In  order to  
better analyze how the GE customers' behavior compares to  residential customers, a 
monthly subsection of the Control group was selected whose monthly usage was distributed 
similarly to the GE customers. 

The 'High' Pricing period under the summer rate schedule occurs on weekdays from 1 : O O  
pm to 6 : O O  pm. The GE customers used 20.4% of their weekday energy during this period, 
while the residential customers used 24.0%. Eight critical peak pricing events were called 
during the summer of 2010. Each of these events began at 3:OO pm. GE customers used 
an even smaller percentage of their weekday energy than SmartRate customers, as a 
whole, during 'Critical' and 'High' pricing periods. While peak rates reduce demand while 
they are in effect, they do little to decrease a customer's overall demand. A bounce-back 
period occurs during the first few hours after the peak rates end. For example, there were 
five CPP events called during June. On two days, June 17th and 23rd, residential customers 
used a larger percentage of their monthly energy than the GE customers. On the other 
three event days, June 18th, 2Znd and 25th, the pattern was reversed and the GE customers 
used a larger percentage of their monthly energy. The purpose of the responsive pricing 
system isn't to reduce overall consumption, but t o  shift demand away from peak hours. The 
addition of GE Smart appliances to  the other equipment and pricing features of the 
SmartRate program increased the load shifting capabilities of the program during the 
summer of 2010. 

60 



Informat ion Only Impac t  Analysis 

The Information Only group received a thermostat and a display device, but no rate control. 
There were 79 customers participating in this group during the summer of 2010. 
Goodcents divided the Information Only customers' monthly usages into 3 strata based on 
total monthly kWh. Next, a random sample of 500 customers was selected from the Control 
group using the strata breakpoints to produce a Control comparison group. This Control 
comparison group is what is referred to as 'Residential Customers' in the following charts 
and tables. The methodology for selecting the Control comparison group is explained in 
more detail in Appendix A. Strata breakpoints are provided in Appendix B. 

Comparison of Information Only Energy Usage on CPP Days 

Goodcents developed average load shapes for all days that the critical peak rate was 
initiated for both the Information Only customers and its Control comparison groups. In  the 
graph below, the average hourly loads of the two groups are compared on June 17th, when 
the maximum daily temperature was 90 Degrees (F). The Information Only customers used 
approximately 0.65 kW less energy each hour from 1 : O O  pm to  4:OO pm. 

The maximum daily temperature in the Louisville area was 93 Degrees (F) on both June 18th 
and June 22"d. These graphs compare the average demand of the Information Only 
customers to  its Control Comparison group on these days. The average load comparisons on 
these two days are shown in the graphs below. The five CPP events called in June all lasted 
from 3:OQ pm t o  7 : O O  pm. 
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Residential Mean Demand - 

The Information Only group shows significant load reduction on both of these days, followed 
by the expected bounce-back beginning at 7 : O O  pm. 
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-__________._ 

June 23,2010 Demand Comparison 
Info Only vs. Residential 

. 5.0 -7--- -- 

- Infoonly  Mean Demand 

- Residential Mean Demand - :  0.0 - - ~  , ---------I--?- 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  17 18 19 20 2 1  22 23 
Hour - __. - _ _ ~  ___ 

The maximum daily temperature in the Louisville area was 94 Degrees (F) on June 23rd and 
9 1  Degrees (F) on June 25th. These graphs compare the average demand of the Information 
Only customers to  its Control comparison group on these days. During hour 15 on June 
23rd, the Information Only customers average 0.99 kW less demand than residential 
customers . 

-Residential M e a n  Demand 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  17 18 19 20 2 1  22 23 

. .  - . - _- __ Hour __ . . - - 
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The two CPP events called in July lasted from 3 : O O  pm to  6 : O O  pm. The maximum daily 
temperature in the Louisville area was 94 Degrees (F) on July 15th and 95 Degrees (F) on 
July 23rd. The graphs below compare the average demand of the Information Only 
customers to  its Control comparison group on these days. 

, , < I  .--I 3 I >------ 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Hour ... -~ ~ _ _ _ _  - . . . ___.___. - .. 

The demand difference during hour 13 on July 15th was over 1 kW. 
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The CPP event called on August I O t h  lasted from 3:OO pm to 7:OO pm. This was the hottest 
CPP event of 2010, with a maximum daily temperature of 100 Degrees (F). It is interesting 
that the CPP day with the warmest temperatures showed some of the smallest load 
reductions. 

The following table shows the difference by CPP day for the Information Only group versus 
the Control comparison group for each CPP period. June 23rd had the largest difference of 
0.99 kW occurring at hour 15. The load reduction during hour 13 on July 15th was 1.01 kW. 
It is noteworthy that the an hourly load reduction occurred during a 'High' pricing period 
that was larger than any occurring during 'Critical' pricing. 
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Day I MaxTemperature I Group I 19 ] 

23-J~l 
23-J~l 
10-AUg 
10-AUg 
10-AUg 

3.89 4.04 4.15 4.27 4.21 95 -- Control 
95 Difference -0.97 -0.58 -0.16 0.50 0.78 
100 Infoonly 3.39 3.83 4.36 4.50 4.95 
100 Co n t  ro I 4.18 4.27 4.35 4.43 4.42 
100 Difference -0.79 -0.45 0.01 0.07 0.52 

I_- 

Hour 
Group 

13 I 14 I 15 I 16 I 17 I 18 I 19 
Information Only 

Control 
Load Impact 

2.097 2.283 2.694 3.159 3.422 3.830 3.797 
2.600 2.813 3.024 3.226 3.403 3.473 3.387 
-0.503 -0.530 -0.330 -0.067 0.019 0.356 0.409 

66 



The Information Only group begins to  show some significant load impacts during the 
summer months as temperatures rise and air conditioning demands increase. The effects of 
extreme temperatures are evident in the size of the average hourly loads in the preceding 
table. The load reductions of 0.50 kW, 0.53 kW and 0.33 kW during the first three hours of 
the peak period are substantial considering that the Information Only group pays a flat-rate 
for electricity. This reduced demand is likely the result of customers having their 
thermostats programmed to increase several degrees a t  the beginning of the peak period, 
even though they have no financial incentive to do so. 

The Information Group also showed increased response on the eight days when CPP events 
were called. These load reductions are almost as large as the SmartRate group's. Notice 
that the bounce-back period begins at  6:00 pm for the 3-hour events, but not until 7:00 pm 
for 4-hour events. 

The two days when 3-hour CPP events were called were slightly warmer than the six days 
when 4-hour CPP events were called. This explains why the observed load reductions 
during hours 13 through 17 are consistently larger for 3-hour events. The shapes of the 
two plots are virtually identical. Information Only customers show an impressive load 
reduction during hour 13, followed by a slightly smaller load reduction during hour 14. A 
second drop occurs during hour 15. This is when the 'Critical' period begins for SmartRate 
customers. On non-event weekdays, this second drop was not present. The difference 
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between Information Only customers and residential customers is larger during the second 
hour of the bounce-back period than during the hour immediately following the event. 

Summer Energy Use Comparison for the Information Only Group 

A separate Control comparison group was selected each month for the summer of 2010. 
Differences between the Information Only and residential customers over the course of the 
summer were minimized by mimicking the stratification of the experimental group. The 
following graph shows the average monthly consumption for the Information Only 
customers and its Control comparison groups from June to  September. 

_ _ _ _ _  ________ 

Monthly Usage Comparison Summer 2010 
Information Only vs. Residential 

2500 I-- 

Information Only customers receive visual thermostat and IHD signals during ‘High’ and 
‘Critical’ pricing periods even though they pay a flat-rate. This occurs from 6 : O O  pm to  
10:00 pm on weekdays during March, April, and May and 1:00 pm to 6 : O O  pm during June, 
July, August, and September. ’High’ and ‘Critical‘ rates are not in effect on weekends under 
either the winter or summer rate schedules. The two pie charts below compare weekday 
and weekend consumption levels during these months. 
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Summer Usage Comparison 
Information Only Customers 

W Weekday 

U Weekend 

. - - - _  _____ 

The charts above show that Information Only customers use a smaller percentage of their 
summer power on weekdays than standard residential customers. Because kWh usage of 
the two groups is not identical, i t  is important to use percentages of seasonal usage when 
comparing the two. 

The next two pie charts show how the two groups differ on weekdays during the different 
pricing periods. It is important to remember that both groups pay the same price per kWh 
around-the-clock. The difference between the two groups is that Information Only group 
can program their thermostat to scale back during the 'High' and 'Critical' periods. 

Summer Usage Comparison 
Residential Customers 

U Weekday 

U Weekend 

- ~ _ _  _. . 

__ 

by Pricing 

Customers are acquiescing even though they have no financial motivation to do so. 
Information Only customers use a smaller percentage of their weekday energy during both 
of the periods when they receive signals. 

The final pair of pie charts compares these groups on weekends. There are no 'High' or 
'Critical' periods on weekends, so differences between the two groups should be minimal. 
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Weekend Usage by Pricing Tier 
Information Only Customers 

Low 

Medium 

Weekend Usage by Pricing Tier 
Resi om 

The Information Only group uses slightly more of its weekend energy during the afternoon 
hours, but the difference is likely due to  customer behavior patterns. 

Information Only Impact Analysis Conclusions 

Information Only customers receive visual thermostat and IHD signals during 'High' and 
'Critical' pricing periods even though they pay a flat-rate. This occurs from 1 : O O  pm to 6:00 
pm during June, July, August, and September. 'High' and 'Critical' rates are not in effect on 
weekends. Examination of the Information Only group's average hourly demand during 
summer months reveals that i t  is about 0.5 kW lower than residential customers for the first 
three hours that the 'High' rate is in effect. There is also an approximately 0.5 kW bounce- 
back period beginning a t  6:00 pm, when the 'Mgh' pricing period signals end. 

The response of the Information Only group to the peak rates is largest during June, July, 
and August. These are the months when HVAC demand is highest due to the hot 
temperatures. I t  appears that the Information Only customers have their thermostats 
programmed to respond to rate increases in the same way that SmartRate customers do. It 
is unlikely that these customers are programming these devices in this manner of their own 
volition because there is no reward in it for them. These are probably the settings that are 
recommended to  them upon installation. 
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Display Only Group Impact  Analysis 
The Display Only group received an in-home display device (IHD), but no rate control. There 
were 89 customers participating in this group during the summer of 2010. Goodcents 
divided the Display Only customers' monthly usages into 3 strata based on total monthly 
kWh. Next, a random sample of 500 customers was selected from the Control group using 
the strata breakpoints to  produce a Control comparison group. This Control comparison 
group is what is referred to as 'Residential Customers' in the following charts and tables. 
The methodology for selecting the Control comparison group is explained in more detail in 
Appendix A. Strata breakpoints are provided in Appendix 6. 

Comparison of Display Only Customer's Energy Usage on CPP Days 

Goodcents developed average load shapes for all days that the critical peak rate was 
initiated for both the Display group customers and its control comparison group. Each 
critical peak pricing day is examined in detail below. The maximum daily temperature on 
June 17th was 90 Degrees (F). As the graph below shows, the largest difference between 
the two groups on this CPP day occurred in the early evening when the Display Only 
customers used approximately 0.2 kW less energy than residential customers for several 
consecutive hours, 

. 1 June 17,2010 Demand Comparison 
Display Only vs. Residential 

___.__ .- - - 

4.0 r--- 

-Display Only Mean Demand 

- Residential Mean Demand 

_-- 
-I I I T - - z  I 8 8 ,  I 7 1  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 1  22 23 
Hour - . . 
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The next CPP days were June 18th and 22"d. The maximum temperature on these two days 
was 93 Degrees (F). 

_._ _. 

, r ~ - - r - - i - - -  I I 1- 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour - .___ - - _. ~ . - 

The load shapes of the Display Only customers and their Control comparison group are very 
similar on these two days. The in-home display device did not appear t o  lead to  any 
behavior modifications from 3:00 pm t o  7 : O O  pm. 
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Below are the plots displaying the CPP days af June 23rd and June 25th. The maximum 
temperatures were 94 and 91 Degrees (F) respectively. 

June 23,2010 Demand Comparison 
Display Only vs. Residential 

- .~ 

- Residential Mean Demand 

0 0 4 -  ' ' I , I 1  I , ,  c 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour . -  . ___ . I __. ._ . 

The only difference between the Display Only customers and a standard residential 
customer is an in-home display device. As these load shapes show, this does not seem to  
be producing significant demand response as a result of the IHD on these two CPP days. 

~ 

June 25,2010 Demand Comparison 
Display Only vs. Residential 

4.0 -I 

- Display Only Mean Demand 

_=p11_ Residential Mean Demand 

I .  I . < , I I  , , I I I  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21  22 23 

Hour . 
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The two CPP events called in July lasted from 3:OO pm to  6:QQ pm. The maximum 
temperatures on these two days were 94 and 95 Degrees (F) respectively. 

Afternoon and evening demand was slightly higher for the Display Only customers an both 
of the July CPP days. 

- __ 

--___- 

I/- July 23,2010 Demand Comparison 
Display Only vs. Residential 

- - . ---. ___ 

-Residential Mean Demand 

I C I i 1  
__  0.0 - ! ? - 7 - - - - - r - - i - 7 1 -  I I I l l  I ,  I I ,  I 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour 

.___ . . ._ - ___- - . ____ ._ . - __ . - .. 

74 



The warmest CPP day in 2010 was August lo th ,  when temperatures in the Louisville area 
reached 100 Degrees (F). The 'Critical' pricing period lasted from 3:OO pm to 7 : O O  pm. The 
IHD device does not appear to  be leading to  reduced demand during these hours. 

- 

August 10,2010 Demand Comparison 
Display Only vs. Residential 

. _ _  - - _. - _ . . _ _  _ _  - . . - .- - I 

P Residential Mean Demand 

- I I I I , I  

0 1 2 3 4 5 6 7 8 9 10 11 1 2  13 14 15 16 17 18 19 20 2 1  22 23 
Hour ..- _.__ . . .- . - - --- .- 
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The fallowing table shows the difference by CPP day for the Display Only group versus the 
Control comparison graup for each CPP period. 

23-Jun 
23-Jun 
25-Jun 
25-Jun 
25-Jun 

94 Co nt ro I 3.68 3.82 3.98 4.08 4.06 
94 Difference 0.03 0.21 0.20 0.16 0.00 
91 Display Only 2.98 3.34 3.48 3.57 3.43 

3.09 3.25 3.52 3.61 3.47 91 Control I 

91 Difference -0.11 0.09 -0.04 -0.04 -0.04 
_ -  
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23-Jul 
10-AUg 
10-AUg 
10-AUg 

95 Difference 0.21 0.27 0.22 0.29 0.33 
100 Display Only 3.93 4.06 4.26 4.46 4.17 
100 Co nt ro I 3.86 3.98 4.13 4.26 4.24 
100 Difference 0.07 0.08 0.13 0.20 -0.07 - 



Summer Energy Use Corn arison for the Display Only Group 

A separate Control comparison group was selected each month for the summer of 2010. 
The following graph shows the average monthly consumption for the Display Only 
customers and its Control comparison groups from June to  September. 

The graph below compares the average total usage of the two groups for the entire 
summer. The Display Only customers averaged just 79 more kWh than its Control 
comparison group customers over this four month period. 
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Display Only Residential 

Display Only customers receive visual signals on their in-home display device (IHD) during 
'High' and 'Critical' pricing periods even though they pay a flat-rate. This occurs from 1:OO 
pm to 6 : O O  pm during .June, July, August, and September. 'High' and 'Critical' rates are not 
in effect on weekends under either the winter or summer rate schedules. 
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The two pie charts below compare weekday and weekend consumption levels during these 
months and show that Display Only customers use virtually the same proportion of their 
summer energy an weekdays as residential customers. 

This indicates that the response that was observed in the Information Only group was not 
likely a result of the IHD device. 

The next two pie charts show how the two groups differ an weekdays during the different 
pricing periods. It is important to remember that  both groups pay the same price per kWh 
around-the-clock, The difference between the two groups is that Display Only group 
receives visual signals on their in-home display device during the ‘High’ and ‘Critical’ 
periads. 

The percentage of weekday energy used during these periods is virtually identical between 
Display Only customers and residential customers. This indicates that participants do not 
shift their loads away from peak hours as a result of IHD installatian. Other equipment or 
rate measures must be used in conjunction with the IHD device in order to shift their load. 

78 



The final pair of pie charts compares these groups on weekends. There are no ‘High’ or 
’Critical‘ periods on weekends, so differences between the two groups should be minimal. 

Weekend Usage by Pricing Tier 
Display Only Customers 

Low 

Medium 

Weekend Usage by Pricing Tier 
Residential Customers 

Low 

Medium 

As expected, the Display Only group distributes its weekend energy in a very similar fashion 
to  the traditional residential customers. 

Display Only Impact Analysis Conclusions 

The Display Only test group was given a display device, but was otherwise no different from 
the Control group. As expected, the distribution of weekday to weekend usage and the 
hourly load shapes between the Display Only group and the residential group are very 
similar. The Information Only group showed some significant demand response during peak 
hours. This was from 1 : O O  pm to 6 : O O  pm on weekdays in June, July, August, and 
September. The Display Only customers don’t show any decreased demand during this 
period. Both groups have in-home display devices, but only the Information Only group has 
programmable thermostats, so i t  appears that the load reduction seen in the Information 
Only group is the product of programmable thermostat rather than the in-home display 
device. 
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Demand Conservation Group Impact Analysis 
The Demand Conservation group received both thermostat signals and water heater control, 
but no rate control. The number of customers in this group increased from 1 to 13 prior to  
the 2010 summer analysis period. Goodcents divided the Demand Conservation customers' 
monthly usages into 3 strata based on total monthly kWh. Next, a random sample of 500 
customers was selected from the Control group using the strata breakpoints to  produce a 
Control comparison group. This Control comparison group is what is referred to  as 
'Residential Customers' in the following charts and tables. The methodology for selecting 
the Control comparison group is explained in more detail in Appendix A. Strata breakpoints 
are provided in Appendix B. 

Comparison of Demand Conservation Customer's Energy Usage on 
CPP Days 

Goodcents developed average load shapes for all days that the critical peak rate was 
initiated for both the Demand Conservation group customers and its Control comparison 
group. Each critical peak pricing day is examined in detail below. The maximum daily 
temperature on June 17th was 90 Degrees (F). The Demand Conservation customers used 
less energy than residential customers during the CPP period, followed by a bounce-back 
spike beginning a t  7 : O O  pm when the CPP period ends. 

The next CPP days were June 18th and 22nd. The maximum temperature on these two days 
was 93 Degrees (F). 



, , , . , , / I  , , I  , . , I - - - - - . ,  , . !  0.0 4-1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour . . - ..-. . ~ .. 

The Demand Conservation customers show reduced demand on these two CPP days from 
1:00 pm to 7 : O O  pm and then the expected demand spike beginning at 7 : O O  pm. 

1 _ _ _ _ I ~ -  - -_ ._ . ______ .- 
June 22,2010 Demand Comparison 

Demand Conservation vs. Residential 
.. . ~. . - 5.0 i---- 

Demand Conservation Mean Demand I 

- Residential Mean Demand I 
0.0 -I- 3 7-7- 

O 1 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 21 22 23 

Hour - _ _ ~ _ _  - ~ 
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Below are the plots displaying the CPP days of lune  23rd and June 25th. The maximum 
temperatures were 94 and 91 Degrees (F) respectively. 

1 .... - ___ ___ ___- 

June 23,2010 Demand Comparison 
Demand Conservation vs. Residential 

._ - - - . . 

- Residential Mean Demand 

- 1  0.0 -! I I I I I ~ - - r  t , I  I , I I 
- - r - - - - - - ? i  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour .___. -- . _. . _. _ _  __  - . - _ .- - 

Based on the load shapes displayed in these graphs, i t  appears that the programmable 
thermostat and water heater switch are producing significant demand reductions beginning 
at  1:OO pm when the 'High' pricing begins and a second, less dramatic, load reduction at  
3 : O O  pm when the 'Critical' rate takes effect. 

June 25,2010 Demand Comparison 
Demand Conservation vs. Residential 

.- _. - . . ____ _. . - 

Demand Conservation Mean Demand 

- Residential Mean Demand 
- 0.0 -I-?--- I , , % , Z  , , I /  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21  22 23 L ___ ___. ~ _ _ _ _  - _  -.Hour- __ _. _ _  . ._ 
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The two CPP events called in July lasted from 3 : O O  pm to  6 : O O  pm. The maximum 
temperatures on these two days were 94 and 95 Degrees (F) respectively. 

July 15,2010 Demand Comparison 
Demand Conservation vs. Residential 

. - . . . 5.0 __ ... ._ 

Demand Conservation Mean Demand 

7 Residential Mean Demand 

-7- I 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Hour _. - _ _ _ _  - - - _____ . 

The effect of the CPP period is more pronounced for these two CPP days than it was for any 
of the June events. During hour 15 on both days, there is a noticeable drap in the average 
demand of the group. This could be because the thermostats are programmed to increase 
several degrees at the onset of CPP, reducing HVAC demand in the home, or because the 
water heater is being turned off by the switch. 

July 23,2010 Demand Comparison 
Demand Conservation vs. Residential 

_.. 

0.0 - I  I , , , ,  
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Hour ._ ______. - _ _  ____ 
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The warmest CPP day in 2010 was August IO th ,  when temperatures in the Louisville area 
reached 100 Degrees (F). The ‘Critical’ pricing period lasted from 3 : O O  pm to 7 : O O  pm. The 
Remand Conservation group does not show the size load reductions that were observed on 
previous CPP days in 2010. 

_________-- __.__.I_ ___ ___- 

August 10,2010 Demand Comparison 
Demand Conservation vs. Residential 

I 

o.o-L---: . , I . , , , I  . , I  , . , , .- , , 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour .~ ~ . . .. . . . .. . __.... ... . . 
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The following table shows the difference by CPP day for the Demand Conservation group 
versus the Control comparison group for each CPP period. 

1 Day I Max Temperature 1 Group 

Summer Energy Use Comparison for the Demand Conservation Group 

A separate Control comparison group was selected each month for the summer of 2010. 
Differences between the Demand Conservation and residential customers over the course of 
the summer were minimized by mimicking the stratification of the experimental group. The 
following graph shows the average monthly consumption for the Demand Conservation 
customers and its Control comparison groups from June to  September. 
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_._______ ._ 

Monthly Usage Comparison Summer 2010 
Demand Conservation vs. Residential 

- 

0 Demand conservation 

0 Residential 
. _ ~ _ _ _ _  -~ ___  . .___ 

The graph below compares the average total usage for the entire summer. 

- ~ _ _  

Residential Demand Conservation 
---- I 

Demand Conservation customers are subject to  water heater control and thermostat signals 
during 'High' and 'Critical' pricing periods even though they pay a flat-rate. This occurs 
from 1 : O O  pm to  6:OO pm during June, July, August, and September. 'High' and 'Critical' 
rates are not in effect an weekends under the summer rate schedule. The two pie charts 
below compare weekday and weekend consumption levels during these months and show 
that Demand Conservation customers use a smaller percentage of their summer power on 
weekdays than standard residential customers. This is expected because the demand 
conservation activations are only in place on weekdays. 
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The next two pie charts show how the two groups differ on weekdays during the different 
pricing periods. I t  is important to remember that both groups pay the same price per kWh 
a rou n d -t he-cloc k. 

The difference between the two groups is that the Demand Conservation group receives 
water heater control and thermostat signals during the 'High' and 'Critical' periods. Much 
like the Information Only graup, it appears that the thermostats of the Demand 
Conservation group have been programmed to respond favorably to  the peak periods. 
These techniques are clearly working because the Demand Conservation customers are 
using less of their weekday energy during these periods. 

The final pair of pie charts compares these groups on weekends. There are no 'High' or 
'Critical' periods on weekends, so differences between the two groups should be minimal. 
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Weekend Usage by Pricing Tier 
Demand Conservation Customers 

Demand conservation 
Co ntro I 

Load Impact 

Low 

Medium 

2.163 2.248 2.564 3.000 3.241 3.640 3.515 

2.394 2.606 2.801 2.983 3.154 3.227 3.158 .--,-, --- 
-0,231 -0.358 -0.237 0.017 0.087 0.413 0.358 

Weekend Usage by Pricing Tier 
Residential Customers 

The Demand Conservation group uses slightly more of its weekend energy during the 
afternoon hours, but the difference is likely due to customer behavior patterns. 

The Demand Conservation group showed less load response than the Information Only 
customers, but more response than the Display Only customers on summer weekdays. The 
average summer weekday load reduction of the Demand Conservation group from 1:00 p m  
to 6:00 pm was 0.72 kWh, which is about 40% of the impact produced by the SmartRate 
group over the same period. This is impressive because the Demand Conservation graup 
was not subjected to  elevated rates during these hours. The following table shows the 
average hourly differences between the Demand Conservation group and its Control 
comparison groups during peak weekday afternoon hours on non-CPP event days. 

The programmable thermostat has been most effective in other groups during the hot 
summer months, and this trend holds true for the Demand Conservation group. The 
Demand Conservation group also showed increased response on the eight days when CPP 
events were called. Notice that the bounce-back period begins at 6 : O O  pm during the 3 
hour CPP events, but not until 7:OO pm for 4 hour events. 
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The two days when 3 hour events were called were slightly warmer than the six days when 
4 hour events were called. This explains why the observed load reductions during hours 13 
through 17 are consistently larger for the 3 hour event days. The shapes of the two plots 
follow the same basic trend. Demand Conservation customers show an increasingly large 
load reduction during hours 13, 14, and 15. After hour 15, the load reductions start to 
diminish. Similar to what was observed in SmartRate customers, the bounce-back following 
a 4 hour event is larger than the bounce-back following a 3 hour event. The size of the 
bounce-back is directly correlated to the length of and the severity of the control period. 
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Demand Conservation Group Impact Analysis Conclusions 

Demand Conservation customers are subject to  water heater control and thermostat signals 
during ‘High‘ and ‘Critical’ pricing periods even though they pay a flat-rate. This occurs 
from 1:00 pm t o  6 : O O  pm during June, July, August, and September. A moderate drop in 
the average load of the group occurs during peak hours on weekdays. A typical residential 
water heater uses around 0.2 kWh per hour, which is approximately the size of the 
reduction observed during months with mild temperatures. On days when CPP events were 
called, the average afternoon load reduction of this group is considerably larger. This 
reduction is probably helped by customers with water heater switches, but at same hours 
the average load reduction is close to  1.0 kW. Load reductions of this magnitude must be 
tied to a home’s HVAC system. For these individuals, this is likely coming from the settings 
of the programmable thermostat, since they pay a flat-rate. 
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Conclusions 
A weather normalized analysis of participating customers determined that the measures in 
this program don’t reduce the overall amount of energy a customer uses. Instead, the 
benefits of the measures are to shift demand away from the times of day when l..G&E’s 
system is close to capacity and onto the times when the system load is smaller. This helps 
to flatten out the load shape of the system. During the winter, this peak period is weekday 
evenings. During June, July, August, and September the peak period is weekday 
afternoons. 

I n  order to test various load shifting measures, customers were given various combinations 
of equipment and rate incentives. The SmartRate group and its subgroup, the GE group, 
were the only customers who were billed a varying rate for power, based on the time of 
use. The other three experimental groups, the Information Only group, the Display Only 
group, and the Demand Conservation group were given a variety of equipment choices 
aimed at reducing demand during peak hours. The Control group was given no equipment 
or rate incentives and was used for comparison purposes. The following table provides the 
rate and equipment options, along with the number of participating customers, for each 
group. 

Customer Group Information Only 
Conservation 

Device Water Heater Water Heater 
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The following graph compares the effectiveness of the five experimental groups on non- 
event weekdays during lune, July, August, and September. 

The GE group shows the most dramatic results, followed by its parent group, the SmartRate 
group. It is no surprise that these two groups show the largest response because they are 
given a financial incentive to do so. Based on the observed load reductions, it appears that 
the GE Smart appliances have enhanced load shifting capability. The results from the GE 
subgroup, while impressive, should be used with caution due to  the small sample size. It is 
recommended that further research should be undertaken to understand the load response 
to CPP for this group. 

The Information Only group shows load reductions almost 70% of the size of the SmartRate 
customers, even though they pay a flat-rate. These customers received both the IHD device 
and the programmable thermostat, but the impressive demand response exhibited by this 
group is likely the result of the programmable thermostat. The evidence for this conclusion 
is that  that Display Only customers also received the IHD device, but showed almost no 
demand response. This implies that the response observed in the Information Only group 
was due to the thermostat and not the IHD device. 

There were eight CPP events called during the season. Six of these events lasted from 3 : O O  
pm to  7 : O O  pm and were called in June and August. The remaining events lasted from 
3 :OO pm to 6 : O O  pm and were called in July. The following graphs explore how each group 
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compared to  its Control comparison groups on these days. The primary difference between 
the two graphs is which hour the groups cross the x-axis (0.00 kW). This signifies the end 
of load reductions and the beginning of the bounce-back period. 

In  the load reduction comparison graphs above, the Information Only and Demand 
Conservation groups show load reductions almost the same size as the SmartRate group 
during the early afternoon hours. These customers have no financial incentive to  modify 
their behavior during CPP events, so these load reductions are a result of the equipment 
measures provided to  the members. 
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Goodcents analyzed the demand of the SmartRate and the GE customers during the hours 
following CPP implementation to quantify the bounce-back effect that occurs once 
customers are released from the 'Critical' rate. SmartRate customers show the largest 
bounce-back during the second hour after a CPP event. SmartRate customers show an 
average bounce-back of approximately 0.5 kW following a 3-hour CPP event and bounce- 
back of approximately 0.8 kW following a 4-hour CPP event. This report concludes that the 
duration of the CPP event influences the size of the bounce-back effect. 

GE customers show a steady increase in the size of the bounce-back effect during the 
evening after CPP implementation. The average bounce-back effect for GE customers 
following a 3-hour CPP event is approximately 1.5 kW and the average bounce-back effect 
following a 4-hour CPP event is over 2.0 kW. The sizes of the GE bounce-back effects found 
during the summer of 2010 were much larger than those found in 2009. This difference is 
likely a combination of the hotter temperatures on 2010 CPP days and differences in overall 
usage between the GE group and its Control comparison group inflating the bounce-back 
estimates. 

Goodcents was supplied SmartRate (including GE) customers' summer billed energy usage 
before the rate was implemented in 2007. From this information, a comparison of summer 
behavior before and after the SmartRate implementation was developed. Based on this 
comparison, it does not appear that participation in the SmartRate program affects the 
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amount of energy customers uses. Each year SmartRate customers exhibit a little over 2 
kWh, above baseline, per Cooling Degree Day. The major impact: of the SmartRate program 
is when customers use energy, not how much energy they use. The effects of this program 
would be better described as load-shifting, rather than load-reducing. 

15 0.536 0.958 0.422 
16 0.291 0.886 0.595 
17 0.314 0.567 0.253 

- -  

The following table compares the average load reductions observed for the SmartRate 
participants in 2010 to the hourly load reductions LG&E observed during its 2006 Demand 
Conservation program. The SmartRate program produced larger load reductions for each of 
the peak hours, with the largest difference occurring at hour 16. 

~ 

*2006 Analysis load reduction for 88-93 Degrees 

The load reductions recorded on the warmest CPP day, August 10, 2010, suggest that 
customers are disregarding the rate control and buying through the 'Critical' period. Further 
study of the customer response during CPP events with extremely high temperatures is 
recommended. 

Goodcents finds that this pilot has produced consistent load reductions for LG&E when 
demand response measures were implemented. Analysis of customer reaction to  
responsive pricing and demand response techniques under a full range of weather 
conditions provides LG&E with an excellent understanding of the impact which can be 
expected from implementing each measure. The information will give LG&E the guidance it 
needs to decide upon expanding any of the measures explored in this pilot program to a 
larger portion of its customer base. 
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Appendix 
As the following graph demonstrates, the average load of the Control group was lower than 
the average load of each of the test groups during almost every hour of the summer of 
2010. Even i f  the test group responds to the program features and decreases its 
consumption during peak hours, identifying and quantifying this decrease would be 
problematic because the test group’s overall consumption is so much higher. 

I n  order to  remedy this problem, i t  was decided that a subset of the Control group should 
be created whose monthly usage mirrored that of the test group. There were 1,409 
customers in the initial Control group. It was concluded that selecting a subset of 500 
customers would be large enough to keep the benefits of having a large sample size. I n  
order to select a subset of the Control group with mean, variance, and distribution similar to 
that of the test group, the Dalenius-Hodges method was used. 

I n  1957, Dalenius, along with 3.L. Hodges introduced a method of approximation called the 
cumulative root frequency method. This method involves first dividing the sample space 
into a large number of intervals, then obtaining the square root of the frequency in each 
class multiplied by the length. When these root frequencies are summed, the result is the 
accumulation of the root of the frequencies. By dividing the total cumulative root frequency 
by the desired number of strata, the natural breakpoints in the sample can be identified. 

In  order to  subset the Control group, the Dalenius-Hodges method was applied to  the sums 
(in kWh) of each group of customers, each month. This determined the stratification of the 
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experimental group customers. Three strata were used because it allowed the group to  be 
subset accurately while still maintaining a good sample size in each stratum. Each customer 
in the group's total monthly usage was rounded to the nearest 100 kWh. This created 'bins' 
of equal length for each customer to be placed into. The number of customers in each bin 
was then counted. The key component of the Dalenius-Hodges process is the cumulative 
JEength *freqzlncy statistic. Each interval that was represented had the same length (100 

kWh), but not all intervals were represented, so the length term could be simplified to the 
number of bins. For example, i f  the customers are sorted from smallest to  largest use, and 
one customer used 1700 kWh and the next smallest customer used 2100 kWh, the interval 
that the customer who used 2100 kWh has a length of 400, or 4 bins. A SAS program was 
used to make these calculations for each represented 'bin'. The following table shows the 
output of this program for the SmartRate group in August 2010. Strata breakpoints are 
highlighted in the table below. 

40001 1 I 1.11% I 1.00 I 100 I 1 I 1.00 1 1.00 98.89 I 51.17 I 54.44 
61001 1 I 1.11% I 1.00 I 2100 I 21 I 4.58 1 4.58 I 90 1 100.00 I 52.17 I 59.03 
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The strata breakpoints are identified by dividing the final cumulative CDHI value by the 
number of strata. I n  this case, the final CDHI value is 59.03, so strata breakpoints are 
selected at 19.98, 40.15, and 59.03. 

Note that the largest stratum has the fewest members, but the greatest differences in the 
kWh values. Because the ultimate goal of this procedure is to select 500 members of the 
original Control group who are stratified the same way as the experimental group, it is 
necessary to  determine the proportion of the customers who fall into each strata and use 
these proportions. 17 of the 90 (18.88%) SmartRate customers fall into the third strata. 
Consequently, the following calculation is performed to  determine the number of Control 
group customers that need to be selected who used between 2600 and 6100 kWh in August. 

500 "0.1888 * 94 participants 

Once strata breakpoints and the desired number of customers are determined for a group in 
a given month, a random sample of Control customers are selected to create a Control 
comparison group. I n  August, the SmartRate group's Control comparison group contained 
the 94 customers using between 2600 and 6100 kWh discussed above. No customers using 
under 100 kWh in a given month were selected to the Control comparison group; therefore, 
Strata 1 contained 1.72 customers using between 100 and 1599 kWh. Strata 2 was 
composed of 234 customers who used between 1600 and 2599 kWh. Monthly strata 
breakpoints and sizes are included for each group at the beginning of each analysis section 
in this report. 

I n  previous reports, Goodcents selected one Control comparison group per season for each 
experimental group. For the summer 2010 analysis period, a separate comparison group 
was selected for each of the seven months analyzed, May through September. This means 
that a total of 35 Control comparison groups were selected. 

To ensure that this monthly selection process was not biased toward the selection of certain 
members of the Control group, the following histogram was constructed to  show the 
number of times the 1,409 Control group customers were selected for membership in a 
Control comparison group. 
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105 members of the Control group were never selected to be a part of a Control comparison 
group. A quick investigation reveals that these are individuals’ monthly usage is 
consistently under 100 kWh and are therefore excluded from selection. The bell-shaped 
distribution of the remaining members of the Control group validates the monthly selection 
process. The expected number of selections for the remaining 1,304 customers is: 

500 /1304 * 35 = 13 selections 

The figure above shows that the most frequent number of selections, aside from zero, is 13. 
This is further evidence that monthly selection does not bias the creation of Control 
comparison groups. Because the summer analysis period spans from March to  September, 
customers are bound to  respond to  the variety of weather conditions differently. Monthly 
control group selection should minimize these differences and focus the analysis on the way 
program features affect weekday-weekend and time-of-day demands. 

99 



Appendix B - Strata Breakpoi 
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Month I i Strata 1 i Strata 2 I Strata 3 1 

Month I Strata 1 Strata 2 Strata 3 
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Appendix - Regression Analysis 

Regression Analysis - Load Impact Model: - SmartRate Growp 

A regression model was developed to  compare the SmartRate customers’ weekday usage 
patterns with members of the Control comparison group. This model was run using three 
separate subsets of summer data to generate load impact estimates under different 
conditions. The first subset explored was nonevent weekdays. This included all weekdays 
in June, July, August, and September with the exception of the eight critical peak pricing 
events. On these days, residential customers paid a flat-rate for electricity and the 
SmartRate customers were charged according to the appropriate three-tiered ’Summer 
Weekday‘ pricing structure. On these days, the ‘High’ pricing period occurs from 1:OO pm to 
6:OO pm. 

July 

August 

During the summer of 2010, two different critical peak pricing events were called. Both 
events began at 3 : O O  pm. The June and August events lasted until 7 : O O  pm, while the two 
July events concluded at 6 : O O  pm. On both types of days, the SmartRate group is billed 
according to  the ’High’ pricing tier from 1 : O O  pm to 3 : O O  pm. The following table provides 
the dates and times of the two types of events, along with the maximum temperature. 
Regression coefficients were calculated for each stratum, each hour for the two types of 
events, as well as non-event weekdays. This methodology controls for weather because the 
SmartRate group‘s usage is being compared to residential customer usage on the same 
days. 

23 95 3-6PMEDT 
10 100 3-7PMEDT 

90 I 3-7PMEDT I 
93 I 3-7PMEDT I 

June I 22 I 93 I 3-7PMEDT 
June I 23 I 94 I 3-7PMEDT 

I June I 25 1 9 1  I 3-7PMEDT I 
I Julv I 15 I 94 I 3-6PMEDT I 
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The graph below provides a visual comparison of the SmartRate and residential customers 
on the June and August days when 3:OO pm to  7:QQ pm were called. 

0 

The final graph examines the average hourly demand of the two groups on the 
days when 3:Q0 pm to 6:OO pm events were called. 

-5martRate 

-Residential 

1---- __._ 

8 8 1 ' 1  8 8 4 I 8 8 l ' " ' " ' " '  

Demand Comparison: July Ev 
'Critical' 3:OO pm - 6:OO pm 

two July 

Using regression modeling, Goodcents was able to  estimate the differences between the 
two groups during periods of interest. This includes hours during the 'High' and 'Critical' 
tiers as well as the hours immediately following them, or bounce-back hours. 
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HVAC usage is one the major loads that customers responding to the SmartRate program 
curb during the periods when they are paying more than the standard residential rate. The 
programmable thermostat provided to the customers can be programmed to  increase or 
lower temperature settings based on the rate. Potential impacts from this type of behavior 
modification are directly proportional to  the size of the HVAC load in the home. Goodcents 
estimated this load for each customer by taking the average demand on weekday 
afternoons when the maximum daily temperature was greater than or equal to  85 Degrees 
(F). Because the primary load in a home on hot afternoons is the air conditioner, and the 
air conditioner runs steadily during these hours, this term can be thought of as a proxy for 
the AC unit's connected load. 

PREMKWH (Hour t, Site J )  = A + B * LOADTEMP+ C * LOADTEMPC 

+ D* PREMHR12 

Where: 

A is the regression intercept 

B and D are regression coefficients determined during the modeling process 

C is the load reduction estimate for the premise at hour t and a given maximum 
da i I y tem pera t 11 re 

PREMKWH (Hour t, Site J )  is the premise kWh in the hour ending t for site 3 

LOADTEMP is the premise mean load throughout the summer hours 15-18 and 
maximum temperature above 85 degrees multiplied by the temperature during that 
hour squared. The premise mean load during these hours is meant to serve as a 
proxy for AC connected load 

LOADTEMPC is an indicator variable (1 for a CPP day, 0 for a non CPP day) 
multiplied by the premise mean load as defined above and the squared maximum 
temperature 

PREMHRl2 is the premise kWh in hour 12, which is the hour preceding the high 
rate tier implementation 

Customers were grouped into one of two bins or strata based on their value of the 
maximum hourly usage from the summer 2010. Strata 1 was made up of customers with a 
maximum hourly load of 0-6 kWh and strata 2 included customers above 6 kWh. 43.07% of 
the sample was placed in strata 1 and 56.93% was placed in strata 2. Separate regressions 
were performed on the two strata and load reduction estimates were weighted according 
the prevalence of the two strata in the sample. 
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The following table provides regression estimates for the six 4-hour CPP events. Appendix 
D contains the entire regression output for each strata and hour including significance levels 
for each of the independent variables. The LOADTEMPC term was extremely significant in 
each model (p <.OOOl). 

Recall that SmartRate customers pay the ’High’ rate from 1:00 pm to 3 : O O  pm (Hours 13 
and 14) and then pay the ’Critical’ rate from 3 : O O  pm to 7 : O O  pm (Hours 15 through 18). 
Hours 19 and 20 represent the bounce-back period for this type of event. During non-event 
weekday afternoons, the coefficient of the LOADTEMPC term takes its largest negative 
values during hours 13 and 14 and then begins to  drift back towards 0. On days when CPP 
events are called, these hours have similar negative coefficients to non-event weekdays, but 
get even larger once the ’Critical’ pricing period begins at 3 : O O  pm. For both strata, the 
coefficient of the LOADTEMPC term is largest during the first hour of the ‘Critical’ pricing 
period and shrinks for each subsequent hour. Because these CPP events lasted from 3 : O O  
pm until 7 : O O  pm, the bounce-back period occurs during hours 19 and 20. 
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The coefficients of the regression models for the July CPP events follow a similar pattern to 
the models af the June and August events. There are large negative coefficients for both 
strata for each hour of the "Critical" period. The bounce-back period begins at 6 : O O  pm for 
these events, and the coefficients of the LOADTEMPC term become large and positive for 
both strata, as expected. It is important to  note that all four of the LOADTE 
coefficients for the hours following the 'Critical' period are smaller for the 3-hour CPP events 
than the corresponding coefficient for a 4-hour event. This indicates that the bounce-back 
effect of a 4-hour event is larger than a 3-hour event. 

Calculation of Load Reduction during CPP 

The regression madels discussed previously are based on air temperature, the customer's 
average weekday afternoon load (premise mean) on hot days and their demand during the 
hour prior to the beginning of the 'High' price tier. Using the regression estimates above, 
the expected load impact for SmartRate customers and residential customers can be 
calculated and compared. Recall that the premise mean is being used a proxy for the 
connected load of the home's air conditioning unit. The following comparison is made for a 
strata 1 customer with a 3.0 kW AC unit on a 92 Degree (F) afternoon for hour 15 (3:OO pm 
- 4:OO pm) on a day when a 3-hour event is called. This example assumes that the home's 
load for Hour 12 ( 1 2 : O O  pm to 1 : O O  pm) is 2.0 kW. 
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The estimated Hour 15 load for a residential customer is: 

INTERCEPT + 92*92*LOADTEMP*3.0 + PREMHRlZ"2.0 

0.047 + 2.276 + 0.640 = 2.963 k W  

For residential customers, the LOADTEMPC term is always equal to  0 and does not factor 
into the calculation. For a SmartRate customer, the load reduction calculation uses the 
LOADTEMPC term in addition to the terms used for residential customers. 

2.963 + LOADTEMPC*92*92*3.0 

2.963 - 0.00003067*92*92*3.0 =: 2.184 k W  

The estimated load impact under these conditions is -0.779 kW. This type of calculation 
was performed for many possible combinations of hours, temperatures, and types of day to  

Distribution of Premise Means 
SmartRate Customers 
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premise mean is between 2 and 5 kW. The average value is 3.44 kW and the median value 
is 3.33 kW. To best represent the effects of the two types of CPP events, weighted impact 
estimates are provided for AC sizes (premise means) of 2.0 kW, 3.5 kW, and 5.0 kW. 

generate load impact 
estimates. Calculations for 
each set of conditions were 
performed using both the 
strata 1 and strata 2 models 
and weighting the results 
according to that strata's 
proportion in the sample. 
The histogram to the left 
shows the distribution of the 
premise means of the 90 
customers in the SmartRate 
group sorted from largest to  
sm a I lest. Most customers' 

I n  the table below, estimates are provided for days when 4-hour events were called. Hours 
15 through 18 are when the 'Critical' rate takes effect under this type of event. Estimated 
load reductions during this period aKe significant, with high-usage customers expected to 
shave over 1 kW from their load during hours 15 and 16. 
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90 13 -0.376 90 13 -0.659 90 13 -0.941 
90 14 -0.323 90 14 -0.566 90 14 -0.808 
90 15 -0.476 90 15 -0.833 90 15 -1.191 
90 16 -0.396 90 16 -0.693 90 16 -0.990 
90 17 -0.174 90 17 -0.305 90 17 -0.435 

108 



Load Impact estimates for 3-hour events are contained in the table below. 

AC Size = 2.0 kW 
Temperature Load Impact 

Hour 
(kWl ( F) 

AC Size = 3.5 kW 

Hour 

AC Size = 5.0 kW 

Hour 
Temperature Load Impact Temperature Load Impact 

(kWl (Fl (kWl (Fl - 
90 
90 
90 
90 
90 

Notice that the impact estimates become positive in hour 18, when the SmartRate 
customers switch from 'Critical' to 'Medium' pricing. These bounce-back estimates are 
significantly smaller than the estimates for the hours following 4-hour events. This is likely 
a result of the shorter duration of the actual event. The customer is able to  resume normal 
evening loads an hour earlier, so there is a less dramatic spike once the 'Medium' pricing 
period begins. 

13 -0.465 90 13 -0.814 90 13 -1.163 
14 -0.380 90 14 -0.665 90 14 -0.950 
15 -0.412 90 15 -0.721 90 15 -1.030 
16 -0.336 90 16 -0.587 90 16 -0.839 
17 -0.155 90 17 -0.272 90 17 -0.388 
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14 -0.432 96 14 -0.756 96 
96 15 -0.469 96 15 -0.821 96 
96 16 -0.382 96 16 -0.668 96 
96 17 -0.177 96 17 -0.309 96 

- .  96 

96 18 0.281 96 18 0.492 96 
96 19 0.311 96 19 0.545 96 

14 -1.081 
15 -1.172 
16 -0.954 
17 -0.442 
18 0.703 
19 0.778 



The graph to the 
right provides a 
visual representation 
of the expected 
behavior of 
SmartRate 
customers on Non- 
Event Weekdays , 
days when 4-hour 
CPP events are called 
and days when 3- 
hour CPP events are 
called. 
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Each hourly regression model uses the air temperature squared, 
the premise mean on hot weekday afternoons (AC Size), and its 
load from 12:OO pm to 1 : O O  pm in the estimation of a customer‘s 
load. I n  this example, hourly temperature values were created 
by taking the average hourly air temperature from the eight 2010 
CPP event days. The hourly temperatures used are included in 
the table to the left. Since the distribution of SmartRate means 
is centered around 3.5 kW, this is the value used in the following 
calculations. A hypothetical load of 3.0 kW is used for the Hour 
12 load. Estimates for both strata I and strata 2 were computed 
and weighted according to  their prevalence in the SmartRate 
population. The non-event weekday, 4-hour event, and 3-hour 
event models can all be used to  produce an estimate of a 
residential customer’s load under the same conditions. A 
residential customer estimate was computed for each hour and 
averaged to produce the “Residential Customer” reference line in 
the graph above. 

This methodology controls for temperature by comparing the 
expected loads under exactly the same conditions. The most 
notable result in this type of comparison is that the difference 
between a SmartRate customer under ’Critical‘ pricing and a 
SmartRate customer under ’High‘ pricing is not as large as the 
difference between a residential customer and a SmartRate 
customer under ’High’ pricing. CPP events prolong the load 
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reducing behavior in SmartRate customers, but much of the initial drop has already been 
produced during the 'High' price hours from 1 : O O  pm to 3 : O O  pm. 

On non-event weekdays, load reductions occur from hour 13 to  hour 16, with almost no 
effect during hour 17. 3- 
hour events show a second 
drop at hour 15 when the 
'Critical' rate takes effect 
and a significant load 
reduction is maintained 
through hour 17. Because a 
4-hour event lasts until 
7:OO pm, the estimated 
load stays lower than that 
of a residential customer 
through hour 18 before 
spiking back up in hour 19. 
Notice that the height of the 
bounce-back is proportional 
to the amount and duration 
of the rate increases during 
the afternoon hours. Non- 
event weekdays show the 
least bounce-back and 4- 
hour events exhibit the 
most. 

The re1 a tions hi p between 
these curves will not change 
based on the particular 

temperature and premise statistics in question. The size of the loads and the resulting 
impact estimates will be affected, but the shape will not. The load estimates in the graph 
above are presented, in table format to the right. The table can used to  calculate load 
impacts at a given hour by subtracting the residential estimated load from SmartRate 
estimated load in question. 
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Regression Analysis - Load Impact Model - GE Group 
Regression modeling was also used “to compare the GE groups’ weekday usage patterns with 
standard residential customers. Like the modeling procedure used for the SmartRate group, 
two separate subsets of summer data are used to  generate load impact estimates under 
different conditions. During the summer of 2010, two different critical peak pricing events 
were called. Both events began at  3:OO pm. The June and August events lasted until 7:00 
pm, while the two July events concluded at  6 : O O  pm. On both types of days, the GE group 
is billed according to the ’High‘ pricing tier from 1 : O O  pm to 3:QO pm. Regression 
coefficients were calculated for each stratum, each hour for the two types of events, as well 
as non-event weekdays. This methodology controls for weather because the GE group’s 
usage is being compared to residential customer usage on the same days. 

The graph below provides a visual comparison of the GE and residential customers on the 
days when 3 : O O  pm to 7 : O O  pm events were called. 

The next graph examines the average hourly demand of the two groups on the two July 
days when 3 : O O  pm to  6 : O O  pm events were called. Using regression modeling, Goodcents 
was able to estimate the differences between the two groups during periods of interest. 
This includes hours during the ’High’ and ‘Critical’ tiers as well as the hours immediately 
following them, or bounce-back hours. 
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Demand Comparison: July CPP Events 

0 1 2 3 4 5 6 7 8 9 10 11 12  13 14 15 16 17 18  19 20 21 22 23 

Hour 

HVAC usage is one of the major loads that customers responding to  the SmartRate program 
curb during the periods when they are paying more than the standard residential rate. The 
programmable thermostat customers are provided can be programmed to raise or lower 
temperature settings based on the rate. Potential impacts from this type of behavior 
modification are directly proportional to  the size of the HVAC load in the home. Goodcents 
estimated this load for each customer by taking the average demand an weekday 
afternoons when the maximum daily temperature was greater than or equal to  85 Degrees 
(F). Because the primary load in a home on hot afternoons is the air conditioner, and the 
air conditioner runs steadily during these hours, this term can be thought of as a proxy for 
the AC unit’s connected load. 

PREMKWH (Hour t, Site J )  = A + Is * LOADTEMP+ C * LOADTEMPC 

+ D* PREMHR12 

Where: 

A is the regression intercept 

B and D are regression coefficients determined during the modeling process 

C is the load reduction estimate for the premise at hour t and a given maximum 
daily temperature 

PREMKWH (Hour t, Site 1) is the premise kWh in the hour ending t for site 3 

LOADTEMP is the premise mean load throughout the summer hours 15-18 and 
maximum temperature above 85 degrees multiplied by the temperature during that 
hour squared. The premise mean load during these hours is meant to serve as a 
proxy for AC connected load 

113 



LOADTEMPC is an indicator variable (1 for a CPP day, 0 for a non CPP day) 
multiplied by the premise mean load as defined above and the squared maximum 
tem pera tu  re 

PREMHRl2 is the premise kWh in hour 12, which is the hour preceding the high 
rate tier implementation 

Both GE and residential customers were grouped into one of two bins or strata based on 
their value of the maximum hourly usage from the summer 2010. Strata 1 was made up of 
customers with a maximum hourly load of 0-6 kWh and strata 2 included customers above 
6 kWh. 44.32% of the sample was placed in strata 1 and 55.68% was placed in strata 2. 
Separate regressions were performed on the two strata and load reduction estimates were 
weighted according the prevalence of the two strata in the sample. 

The following table provides regression estimates for the six 4-hour CPP events. Appendix 
D contains the entire regression output for each strata and hour including significance levels 
for each of the independent variables for the GE customers. The LOADTEMPC term was 
extremely significant in each model (p <.OOOl). 

Recall that GE customers pay the ’High’ rate from 1 : O O  pm to 3:OO pm (hours 1.3 and 14) 
and then pay the ‘Critical’ rate from 3:OO pm to  7 : O O  pm (hours 15 through 18). Hours 19 
and 20 represent the bounce-back period for this type of event. During non-event weekday 
afternoons, the coefficient of the LOADTEMPC term takes its largest negative values during 
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hours 13 and 14 and then begins to  drift back towards 0. On days when 4-hour CPP events 
are called, these hours have similar negative coefficients to non-event weekdays, but get 
even larger once the 'Critical' pricing period begins at 3:OO pm. For strata 1, the coefficient 
of the LOADTENPC term is actually largest during the second hour of the 'Critical' pricing 
period. Because these CPP events last from 3:OO pm until 7 : O O  pm, the bounce-back period 
occurs during hours 19 and 20. 

The coefficients of the regression models for 3-hour CPP Events follow a similar pattern to  
the models of 4-hour events and are displayed in the table below. There are large negative 
coefficients for both strata for each hour of the 'Critical' period. The bounce-back period 
should begin at 6 : O O  pm for these events, but strata 1's Hour 18 coefficient remains 
negative. I t  is important to remember that the small size of the GE group makes the 
regression estimates less reliable than those from the entire SmartRate group. This is 
especially true for 3-hour events because there were only two such events in 2010. The 
coefficient for strata 2 shows the expected response for Hour 18, with the coefficient of the 
LOADTENPC term becoming positive. 
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Calculation of Load Reduction during CPP Periods 

'These regression models are based on air temperature and the customer's average weekday 
afternoon load (premise mean) on hot days. Using the regression estimates above, the 
expected load impact for GE customers and residential customers can be calculated and 
compared. Recall that premise mean is being used a proxy for the connected load of the 
home's air conditioning unit. The following comparison is made for a strata 1 customer with 
a 3.0 kW AC unit on a 92 Degree (F) afternoon for hour 15 (3:OO pm - 4:OO pm) on a day 
when a 3-hour event is called. This example assumes that the home's load for hour 12 
(12:OO pm to 1 : O O  pm) is 2.0 kW. The estimated hour 15  load for a residential customer is: 

INTERCEPT + 92*92*LOADTEMP*3.0 + PREMHR1Z"Z.O 

0.223 + 2.207 + 0.536 = 2.966 kW 

For residential customers, the LOADTEMPC term is always equal to  0 and does not factor 
into the calculation. For a SmartRate customer, the load reduction calculation iises the 
LOADTEMPC term in addition to  the terms used for residential customers. 

2.966 + LOADTEMPC*92*92*3.0 

2.966 - 0.00004202*92*92*3.0 = 1.899 kW 

The estimated load impact under these conditions is -1.067 kW. This type of calculation 
was performed for many possible combinations of hours, temperatures, and types of day to 
generate laad impact estimates. Calculations for each set of conditions were performed 
using both the strata 1 and strata 2 models and weighting the results according ta  that 
strata's proportion in the sample. The following histogram shows the premise means of the 
9 customers in the GE group sorted from largest to smallest. The tenth customer showed 

T -, extremely low usage and was 
Distribution of Premise Means 

GE Customers 
7 

1 2 3 4 5 6 7 8 9  

omitted from analysis. Eight of 
nine customers have premise 
means between 2 and 5 kW. The 
average premise mean value is 
3.59 kW and the median premise 
mean value is 3.49 kW. To best 
represent the effects of the 'High' 
pricing period and the two types 
of CPP events, weighted impact 
estimates are provided for AC 
sizes (premise means) of 2.0 kW, 
3.5 kW, and 5.0 kW. 
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I n  the table below, estimates are provided for days when 4-hour events were called. The 
response to  the CPP event is very dramatic for the GE group. Large customers (AC Size = 
5.0 kW) have estimated load reductions greater than 2 kW during the first two hours of the 
event for all temperatures above 90 Degrees (F). 

90 
90 
90 
90 
90 

13 -0.638 90 13 -1.117 90 13 -1.596 
14 -0.827 90 14 -1.447 90 14 -2.068 
15 -0.972 90 15 -1.701 90 15 -2.430 
16 -0.846 90 16 -1.480 90 16 -2.114 
17 -0.348 90 17 -0.609 90 17 -0.870 

1 1 7  

96 13 -0.726 96 13 -1.271 96 13 -1.816 
96 14 -1.647 96 14 -2.352 96 14 -0.941 

96 15 -1.106 96 15 -1.935 96 15 -2.764 
96 16 -0.962 96 16 -1.684 96 16 -2.405 
96 17 -0.396 96 17 -0.693 96 17 -0.990 
96 18 -0.324 96 18 -0.567 96 18 -0.811 

- 

96 19 0.494 96 19 0.865 96 19 1.236 
96 20 0.898 96 20 1.572 96 20 2.246 



Load Impact estimates for 3-hour events are contained in the table below. 

AC Size = 2.0 kW 

Hour 
Load Impact Temperature 

(kW) IF) 

AC Size = 3.5 kW 

Hour 

AC Size = 5.0 kW 

Hour 
Temperature Load Impact Temperature Load Impact 

(kW) , (F) (kW) (F) 
90 
90 
90 
90 
90 

13 -0.639 90 13 -1.118 90 13 -1.597 
14 -0.606 90 14 -1.061 90 14 -1.516 
15 -0.653 90 15 -1.144 90 15 -1.634 
16 -0.406 90 16 -0.710 90 16 -1.014 
17 -0.532 90 17 -0.931 90 17 -1.330 
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The graph to the right 
provides a visual 
representation of the 
expected behavior of 
GE customers on non- 
event weekdays, 4- 
hour events and 3-hour 
events. 

5 75.6 
6 75.7 
7 77 7 

91.4 
90.6 

I 19 I 89.4 I 

I 72 I 85.5 I 
1 23 I 83.9 I 

Each hourly regression model uses the air temperature squared, 
the premise mean on hot weekday afternoons (AC Size) and its 
load from 12:OO pm to 1 : O O  pm in its estimation of a customer's 
load. I n  this example, hourly temperature values were created 
by taking the average hourly a i r  temperature from the eight 
2010 CPP event days. The hourly temperatures used are 
included in the table shown to  the left. Since the distribution of 
GE means is centered around 3.5 kW, this is the value used in 
the following calculations. A hypothetical load of 3.0 kW is used 
for the hour 12 load. Estimates for both strata 1 and strata 2 
were computed and weighted according to their prevalence in 
the SmartRate population. The different models can all be used 
to produce an estimate of a residential customers load under the 
same conditions. A residential customer estimate was computed 
for each hour and averaged to produce the "Residential 
Customer" reference line in the graph above. 

This methodology controls for temperature by comparing the 
expected loads under exactly the same conditions. The GE 
group's load is being estimated consistently higher than the load 
for residential customers for all hours except the 'High' and 
'Critical' pricing periods. Like the SmartRate group as a whole, 
the difference between 'High' and 'Critical' pricing is not as 
dramatic as the difference between the standard residential rate 
and 'High' pricing. Calling a CPP event clearly prolongs the 
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demand conservation activity of customers compared to non-event weekdays. As expected, 
the bounce-back peak for a 4-hour event is slightly higher than the bounce-back peak from 
a 3-hour event. The height of this peak should be directly correlated to the amount of 
behavior modification during the event. I n  this vein, i t  is curious that the bounce-back 
spike on non-event weekdays is larger than that of either type of CPP event. Individual 
behavior will have significant leverage when sample size and number of events are small. 
Likely this result is a consequence of some unexpected behavior by one or more members 
of the GE group. 

21 
22 
23 

The relationship between 
these curves will not change 
based on the particular 
temperature and premise 
statistics in question. The 
size of the loads and the 
resulting impact estimates 
will be affected, but the 
shape will not. The load 
estimates in the graph 
above are presented, in 
table format to  the right. 
The table can used to  
calculate load impacts a t  a 
given hour by subtracting 
the Residential estimated 
load from GE estimated load 
in question. 

3.74 5.44 5.35 4.92 
3.52 5.22 5.66 4.99 
3.15 4.47 5.01 4.43 

I n I 758 I 3.66 I 3.91 I 3.16 I 
2.28 3.06 I 3.53 I 3.25 1- I 2.04 1 2.60 I 3.26 I 3.44 

1 3 1  1.87 2.18 I 3.04 I 3.10 I I 

I 
4 1  1.76 
5 1  1.68 1.93 1 1 1.76 1 1.92 1 L2; 1 1.86 1 

1.83 1.86 1.97 
1.88 1.41 2.01 2.00 

2.33 2.80 
2.67 2.47 3.08 3.03 

3.91 4.24 3.34 2.93 

3.88 5.12 5.30 4.91 
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Appendix egression Output 

4 Hour CPP Events 

Number of Observations Read 

Number of Observations Used )12111 
Number of Observations with Missing Values 

I Analysis of Variance I 
Source 

Model 

Error 

Corrected Total 

Parameter Estimates 

loadtemp I( I 

loadtempcp 
premhrli!Ib 

Parameter Standard t Value 
Estimate 11 Error I/ 

T I M E  
0.00004411 11 0.00000308 I/ 14.34 

G G K G Z - M p  
~~~ 

Pr > It] 

0.4573 

<.0001 

<.0001 

<.OOOI 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: Prem Load 1 
strata=l hour=l4 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Analysis of Variance 
I 

Model 

Error 

Corrected Total 

DF 

3 

1209 

1212 

Sum of 
Squares 

1576.88466 

693.9 1242 

2270.79708 

Mean 
Square 

525.62822 

0.57396 

Parameter Estimates II 
Parameter 

Estimate 

-0.04580 

0.00007849 

-0.00001406 

0.42247 

Standard 
Error 

0.04724 

0.00000355 

0.00000304 

0.02491 

t Value 

-0.97 

22.08 

-4.63 

16.96 

0.3325 

<.0001 

-=.0001 

<.0001 
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Number of Observations Used 

Variable 

~1 

Intercept 

loadtemp 

loadtempc 

premhrl2 

Parameter Estimates 

Estimate 
t Value 

-0.48 

31.33 

-1 1 . I 6  

9.85 

0.6337 

~ .0001  

~ .0001  

<.0001 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 
pi 

I1 Analysis of Variance 

I Parameter Estimates 

Source 

Model 

Error 

Corrected Total 

0.758 14 

2.17396 

34.87357 

Mean 
Square 

539.42374 

0.57477 

F Value 

938.50 

Parameter 
Estimate 

-0.01 021 

0.0001 1569 

-0.0000301 0 

0.15367 

Standard 
Error 

0.04748 

0.00000358 

0.00000305 

0.02489 

t Value 

-0.22 

32.35 

-9.85 

6.17 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 
piiq 

Analysis of Variance 

Sum of 
Squares 

1658.1 0825 

672.43289 

2330.541 14 

Mean 
Square 

552.70275 

0.55850 

F Value 

Model 

Error 

Corrected Total 

3 

1204 

1207 

989.62 

Parameter Estimates 

Variable Standard 
Error 

0.04685 

0.00000357 

0.00000306 

0.02452 

Parameter 
Estimate 

0.02926 

0.00012195 

-0.00001 002 

0.1 1465 

t Value Pr > It1 

0.5324 

<.0001 

0.001 1 

~ .0001 

Intercept 

loadtemp 

loadtempc 

premhr12 

0.62 

34.19 

-3.27 

4.68 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 
11 

I 

/Model 
DF 

3 

1205 

1208 

Analysis of Variance 

Sum of 
Squares 

1666.51 597 

800.161 09 

2466.67706 

Mean 
Square 

555.50532 
~ 

0.66403 

Parameter Estimates 

Parameter 
Estimate 

0.1261 6 

0.0001 3054 

-0.00000876 

0.05798 

Standard 
Error 

0.05085 

0.00000397 

0.00000339 

t Value 

2.48 

32.87 

-2.59 

0.02690 11 2.16 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=l hour=I 9 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

~ Parameter 
Estimate 

0.23673 

0.00012901 

0.00001949 

0.04267 

I 

Source 

Model 

Error 

Corrected Total 

Root MSE 

Dependent Mean 

Coeff Var 

Analysis of Variance 

0.81571 

2.45914 

33.17058 

R-S q ua re 

Adj R-Sq 

II 

F Value 

814.33 

I/ Parameter Estimates ll 
Standard 

Error 

0.05095 

0.00000408 

0.00000348 

0.02687 

t Value 

4.65 

31.63 

5.60 

1.59 

-=.0001 

<.0001 

-=. 000 -l 

0.1 125 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

II Analysis of Variance 

(I;oTlj 

Source 

Model 

Error 

Corrected Total 

DF 

3 

2300 

2303 

Sum of 
Squares 

7509.72965 

2508.36345 

1001 8 

1.04431 

3.78503 

27.59064 

Mean 
Square 

2503.24322 

I .09059 

F Value 

2295.31 

ll Parameter Estimates 

Standard 
Error 

0.06796 

0.00000248 

0.00000171 

0.01421 

t Value 

-2.25 

19.53 

-15.10 

45.91 

0.0248 

<.0001 

c.0001 

.=.0001 

3 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Analysis of Variance 

/23081 

1 

Source 1 
[T 
[jE----- 

DF 

3 

2304 

2307 

Sum of 
Squares 

71 85.08080 

351 5.62232 

10701 

Mean 
Square 

2395.02693 

1.52588 

F Value 

1569.61 

P r > F  

<.0001 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Analysis of Variance 

[2308/ 
41 

I 

Model 

Error 

Corrected Total 

DF 

3 

2304 

2307 

Sum of 
Squares 

6889.1 3439 

3738.37855 

10628 

(Intercept 

(loadtempc 
11 premhrl2 11 I 

Parameter Estimates 

Parameter 
Estimate 

-0.35276 

0.0001021 0 

-0.0000274 1 

0.28945 

Standard 
Error 

0.08295 

0.00000294 

0.00000204 

0.01726 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=2 hour=l6 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 4 
I 

Model 

Error 

Corrected Total 

DF 

- 
3 

2303 

2306 

Analysis of Variance 

Sum of 
Squares 

6680.86072 

3795.1 6588 

10476 

Mean 
Square 

2226.95357 

I .64792 

F Value 

1351.37 

II 

R-Sq ua re 

Adj R-Sq 

0.6377 I 
0.63731 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

I 

piii 
4 

Model 

Error 

Corrected Total 

DF 

3 

2304 

2307 

Analysis of Variance 

Parameter Estimates 

F Value 

I 125.57 

Parameter 
Estimate 

0.42229 

0.0001 1031 

-0.00001 130 

0.12948 

Standard 
Error 

0.08235 

0.00000293 

0.00000204 

0.01 695 

t Value 

5.13 

37.62 

-5.54 

7.64 

<.0001 

<.0001 

<.0001 

<.0001 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=2 hour=l8 

Number of Observations Read 

I/ 2306 II /I Number of Observations Used 

11 Number of Observations with Missing Values 1) 4 11 

L 

Model 

Error 

Corrected Total 

DF 

3 

2302 

2305 

Analysis of Variance 

Sum of 
Squares 

4316.23953 

4318.76885 

8635.00838 

Mean FValue S q u a r e r  
GGiil,,,.,,- 

1.87609 I/ 
II 

Parameter Estimates 

Parameter 
Estimate 

0.84048 

0.0001 1084 

-0.00001 11 0 

0.03289 

Standard 
Error 

0.08880 

0.00000325 

0.00000226 

0.01859 

t Value 

9.47 

34. I O  

-4.90 

1.77 

<.0001 

<.0001 

<.OOOI 

0.0770 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=:! hour=l9 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

L 

Model 

Error 

Corrected Total 

DF 

3 

2305 

2308 

u Analysis of Variance 

Sum of 
Squares 

3756.95134 

4908.04362 

8664.99496 

Mean 
Square 

1252.3171 1 

2.12930 

F Value 

588.13 

P r > F  

<.0001 

Parameter Estimates 

Parameter 
Estimate 

1.1971 3 

0.0001 0390 

0.000021 74 

0.01717 

Standard 
Error 

0.09483 

0.00000356 

0.00000248 

0.01975 

t Value 

12.62 

29.21 

8.78 

0.87 

<.OOOl 

<.0001 

<.0001 

0.3848 
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3 Hour CPP Events 

The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoad1 
strata=l hour=l3 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 17 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=l hour=14 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Parameter 
Estimate 

0.00376 

0.00007238 

-0.00002233 

0.471 38 

Error 

0.08957 

0.00000609 

0.00000529 

0.03985 

0.04 

11.88 

-4.22 

11.83 

0.9665 

c.0001 

~.0001 

~ .0001 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Source 

p 

Model 

Error 

Corrected Total 

I DF 

Root MSE 

Dependent Mean 

Coeff Var 

Sum of 
Squares 

51 0.36988 

248.47654 

758.84642 

0.79414 

2.28144 

34.80852 

Mean 
Square 

1 70.12329 

0.63065 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Analysis of Variance 

pi 

Source 

Model 

Error 

Corrected Total 

DF 

3 
392 

395 

Sum of 
Squares 

529.00966 

267.50021 

796.50987 

Mean 
Square 

176.33655 

0.68240 

F Value 

258.41 

Parameter Estimates 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata-.? hour=l7 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

'"I 
II Analysis of Variance 

Model 

Error 

Corrected Total 

Ji3 
1~ 
lE 

Sum of 
Squares 

519.20069 

261.81676 

781.01 745 

Mean 
Square 

173.06690 

0.671 33 

F Value 

257.80 

P r > F  

<.0001 
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Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values - Source 

~ 

/Error 
Corrected Total 

pi 

Parameter 
Estimate 

0.33994 

0.0001 2704 

0.00000845 

0.00497 

Parameter Estimates 

Standard 
Error 

0.1 0660 

0.00000714 

0.00000620 

0.04706 

t Value 

3.19 

17.80 

1.36 

0.1 1 

Pr It1 

0.001 5 

<.0001 

0.1739 

0.9159 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=l hour=l9 

Number of Observations Read 

Number of Observations Used 

Number of Observations with Missing Values 

Analysis of Variance 

Model 

Error 

Corrected Total 

3 

392 

395 

Sum of 
Squares 

484.27760 

347.20670 

83 1.48430 

Mean 
Square 

161.42587 

0.88573 

F Value 

182.25 

Pr> F 

~ .0001  

DF Parameter 
Estimate 

0.40843 

0.00012047 

0.00001 532 

0.041 03 

Standard 
Error 

0.10901 

0.00000756 

0.00000656 

0.04827 

t Value 

3.75 

15.93 

2.34 

0.85 
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r- I 

The REG Procedure 
Modei: MODEL1 
Dependent Variable: PremLoadl 
strata=:! hour=l3 

Source 

Model 

Error 

Corrected Total 

Analysis of Variance ~ s u m , t ~  
Squares 

~~~ 

G-pGZil1k)1001 

F Value 

928.25 

P r > F  

<.0001 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=2 hour=l4 

Analysis of Variance 

1 Source Sum of 
Squares 

2536.3051 6 

1068.04042 

Mean 
Square 

845.43505 

1.401 63 

765 11 3604.34558 11 
I I  I I  

FVa'ue I Pr'F 

Variable 11 DF Parameter 
Estimate 

0.07296 

0.00006629 

-0.00002431 

0.47889 

0.5629 

<.0001 

<.0001 

<.0001 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: Prem Load 1 
strata=2 hour=l5 

Analysis of Wariance 
L 

Source 1 lNlodel 
Sum of 

Squares 

2520.54077 

1135.87521 

3656.41 598 

Coeff War I/ 26.79151 

Mean 
Square 

840.1 8026 

I .49457 

F Value 

562.15 

P r > F  

<.OOOl 

R-Square 

Adj R-Sq 

0.6893 

0.68811 

-0. I 9  

18.77 

-6.65 

10.26 

0.8490 

<.0001 

<.0001 

<.0001 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=2 hour=l6 

II Analysis of Variance I/ 
Source 

Model 

Error 

Corrected Total 

DF 

3 

760 

763 

Sum of 
Squares 

2251.96322 

1 153.77390 

3405.7371 2 

1.23212 

4.7451 0 

25.966 I 8 

Mean 
Square 

750.65441 

1.51812 

F Value 

494.46 

Parameter Estimates 

FpGzG 
Estimate 

0.23927 

0.00009984 

-0.00001720 

0.19785 

Standard 
Error 

0.13231 

0.00000484 

0.00000330 

0.031 04 

t Value Pr > It1 ir 
I .81 

20.65 

-5.21 

6.37 

0.0709 

<.0001 

<.0001 

<.0001 
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The REG Procedure 
Model: MODEL? 
Dependent Variable: PremLoadl 
strata=2 hour=l7 

I Number of Observations Read I 
11 Number of Observations Used I/ 766 I 
/I Analysis of Variance 
I /soUrc.p 
Model 

Error 

Corrected Total 

Sum of 
Squares 

2099.1 6455 

1243.36567 

3342 5302 I 

Mean 
Square 

699.721 52 

I .63171 

F Value 

428.83 

loadtempc 11 I I( -0.00001015 11 0.00000341 

p r l h r l 2  )I 1 11 0.06069 /I 0.03218 

3.80 

22.50 

-2.97 

1.89 

0.0002 

<.OOOI 

0.0030 

0.0597 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=2 hour=l8 

L 

Model 

Error 

Corrected Total 

Analysis of Variance 

Variable l===== 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadI 
strata=2 hour=l9 

Model 

Parameter 
Estimate 

I .58804 

0.00009120 

0.00001 808 

0.03501 

Parameter Estimates 

Standard 
Error 

0.1 5634 

0.0000059 1 

0.00000403 

0.03683 

t Value 

10.16 

15.44 

4.48 

0.95 

<.0001 

-=.OOOI 

<.0001 

0.3420 
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The REG Procedure 
Model: MODEL1 
Dependent Variable: PremLoadl 
strata=2 hour=l9 

Source 

Model 

Error 

Corrected Total 

Root MSE 

Dependent Mean 

Coeff Var 

DF 

3 

663 

666 

Analysis of Variance 

Sum of 
Squares 

677.25968 

1077.23965 

1754.49933 

1.27467 

4.65438 

27.38658 

Mean 
Square 

225.75323 

1.62480 

Parameter Estimates 

t Value 

4.81 

14.57 

3.05 

2.15 
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SmartRate Telephone Number: 502-627-4252 
Web: www.lge-ku.com/smartrate 
Email: smart.rate@lge-ku.com Account Name: John Q. Customer 

As you can see, using the SmartRate your bills 
decreased for the time period by approximately 
1.8% while the bills for the ToplO SmartRate 

SmartRate CUSTOMER REPORT 
This document is not a bill; it is provided far infomation purposes only. 

Your SmartKate Home 

Average SmartKate Home 

ToplOSmartRate Homes 

Summer 2009 

Your Usage on the SmartRate 
kWh 

Time June July August Total % Mix 

Medium loam to l p m  and 6pm to 9pm 383 381 389 1,153 28.6% 

Low 9pm to  loam 
Total 

724 735 780 2,239 55.6% 
1,303 1,337 1,387 4,027 100.0% 

* Crihcal events typically occur on weekday afternoons and las t  roughly four hours 

Ways t o  Save Money on the SmartRate 

This graph shows your percentage usage in the High and Critical rate 
periods compared to  average and the ToplO SmartRate homes. 

16.0% 1 Your SmartKate Home 

14.0% 

12.0% 

10.0% 

8 0% 

6.0% 

4.0% 

2.0% 

0.0% 

3.0% 

2 5% 

2 0% 

1.5% 

1.0% 

0.5% 

0 0% 

Average SmartKate Home 

ToplO SmartKate Homes 
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Suggestions for you to  continue to  make the most of the 
SmartRate program: 

Use your non-essential appliances, such as the dishwasher, 
clothes washer and dryer during off peak times. 

Monitor the changes in rate periods using your In-Home 
Display. 

Adjust your thermostat and hot water settings to  minimize 
usage during the High and Critical rate periods. 

Your Bill 

I I I t Potenhal 

High Critical $260.00 $280.00 $300.00 

By shifting your usage to  the Low and Medium rate periods (as achieved in the ToplO SmartRate households), we estimate you can reduce 
vour total summer billing by: $14 17 

the High and Critical rate periods to  10%. 
his calculation is based on your total summer 2010 usage remaining cxmsistent with your 2009 summer usage, but reducing your usage during 

Please visit IJS online a t  www.lge-ku.com/smartrate 

mailto:smart.rate@lge-ku.com
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