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Florida Power & Light Company's 2017 Demand Side Management 
Annual Report 

Dear Ms. Stauffer: 

I enclose for filing in the above docket Florida Power & Light Company's ("FPL's") 

Request for Confidential Classification of Information Provided in Response to Staff's First Data 

Request (No. 7). The request includes Exhibits A, B (two copies), C and D. 

Exhibit A consists of the confidential documents, and all the information that FPL asserts 

is entitled to confidential treatment has been highlighted. Exhibit B is an edited version of 

Exhibit A, in which the information FPL asserts is confidential has been redacted. Exhibit Cis a 

justification table in support of FPL's Request for Confidential Classification. Exhibit D 

contains the declaration in support ofFPL's request. 

Please contact me if you or your Staff has any questions regarding this filing. 

Sincerely, 

v-z!~ £ U.//. ... .fJ ~ 
William P. Cox 

Enclosure 
cc: Nathan Whitchurch (w/ copy of FPL's Request for Confidential Classification) 
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BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

In re: Florida Power & Light Company' s 2017 Docket No. 201 80000-El 
Demand Side Management Annual Report Filed: May 18, 2018 

FLORIDA POWER & LIGHT COMPANY'S 
REQUEST FOR CONFIDENTIAL CLASSIFICATION 

OF INFORMATIONPROVIDED IN RESPONSE TO 
STAFF OF THE FLORIDA PUBLIC SERVICE COMMISSION'S 

FIRST DATA REQUEST (NO. 7) 

Pursuant to Section 366.093, Florida Statutes, and Rule 25-22.006, Florida 

Administrative Code, Florida Power & Light Company ("FPL") requests confidential 

classification of certain information provided in response to the Staff of the Florida Public 

Service Commission's ("Staff') First Data Request (No. 7) ("Confidential Discovery 

Responses"). In support of its Request, FPL states as follows: 

1. On April 29, 2018, Staff served its First Request (Nos. 1-9) on FPL. FPL's 

Response to Staff's First Data Request No. 7 contains information of a confidential nature within 

the meaning of Section 366.093(3), Florida Statutes. 

2. FPL served its responses to Staff's First Data Request (Nos. 1-9) on May 18, 

2018. This request is being filed contemporaneously with the service of the responses to Staff's 

discovery in order to request confidential classification of the Confidential Discovery Responses 

consistent with Rule 25-22.006, Florida Administrative Code. 

3. The following exhibits are included with and made a part of this request: 

a. Exhibit A consists of a copy of the Confidential Discovery Responses on 

which all information that FPL asserts is entitled to confidential treatment is highlighted. 

b. Exhibit B consists of an edited version of the Confidential Discovery 

Responses on which all infonnation that FPL asserts is entitled to confidential treatment is 
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redacted. For the documents that are confidential tn their entirety, FPL has included only 

identifying cover pages in Exhibit B. 

c. Exhibit C is a table containing a page-and-line identification of the 

information highlighted in Exhibit A and a brief description of the Confidential Information. 

Exhibit C also references the specific statutory bases for the claim of confidentiality and 

identifies the declarants who support the requested classification. 

d. Exhibit 0 contains the declaration of Thomas R. Koch in support of this 

Request. 

4. FPL submits that the highlighted information in Exhibit A is proprietary 

confidential business information within the meaning of Section 366.093(3), Florida Statutes. 

This information is intended to be and is treated by FPL as private, and its confidentiality has 

been maintained. Pursuant to Section 366.093, such information is entitled to confidential 

treatment and is exempt from the disclosure provisions of the public records law. Thus, once the 

Commission determined that the information in question is proprietary confidential business 

information, the Commission is not required to engage in any further analysis or review such as 

weighing the hann of disclosure against the public interest in access to the information. 

5. As the description included in Exhibit C and the declarations included in Exhibit 

0 indicate, the Confidential Discovery Responses provided by FPL contains infom1ation 

concerning bids or other contractual data, the disclosure of which would impair the efforts of 

FPL to contract for goods and services on favorable terms. This information is protected by 

Section 366.093(3)(d), Fla. Stat. 
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6. AdditionaJiy, certain information relates to the competitive interests of FPL and 

its vendors, the disclosure of which would impair their competitive interests. This information is 

protected by Section 366.093(3)(e), Fla. Stat. 

7. Upon a finding by the Commission that the Conlident1al Information remains 

proprietary and confidential business infmmation, the infonnation should not be declassified for 

at least an additional eighteen (18) month period and should be returned to FPL as soon as it is 

no longer necessary for the Commission to conduct its business. See§ 366.093(4), Fla. Stat. 

WHEREFORE, for the above and foregoing reasons, as more fully set forth in the 

supporting materials and alfidavits included herewith, Florida Power & Light Company 

respectfully requests that its Request for Confidential Classification be granted. 

Respectfully submitted, 

William P. Cox 
Senior Attorney 
Florida Power & Light Company 
700 Universe Boulevard 
Juno Beach, FL 33408 
Telephone: (561) 304-5662 
Facsimile: (561) 691-7135 
Email: @Will.P.Cox@ fpl.com 

By a-~~ k tJ-/1.~ ,IJ c::-: 
William . Cox 
Florida Bar No. 0093531 
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CERTIFICATE OF SERVICE 
Docket No. 201 80000-EI 

1 HEREBY CERTIFY that a true and correct copy of the foregoing Request for 
Confidential Classification* has been furnished by electronic service this 18th day of May 2018 
to the following: 

Nathan Whitchurch 
Florida Public Service Commission 
2540 Shumard Oak Blvd. 
Tallahassee, FL 32399 

By: &?4{.~ -h tJ#.:un L~ 
Willia P. Cox 
Florida Bar No. 0093531 

*The exhibits to this Request are not included with the service copies, but copies of Exhibits B, C 
and 0 are available upon request. 

6614238 
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EXHIBIT A 

CONFIDENTIAL 

FILED UNDER SEPARATE COVER 
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EXHIBIT B 

REDACTED COPIES 
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CONFIDENTiAL Florida Power & Light Company 
2017 DSM Annual Report 
Stafrs First Data Request; Request No. 7 
Attachment No. la; Page 5 of 44 

FPL Smart Thermostat Trial Final Report 

1.1 Executive Summary 

Florida Power and Light (FPL) performed a SmaJt Thermostat Trial (STT) to explore the effects 
of the installation of sman thermostats in residential homes. In addition to providing trial 
paJticipaots with the ability to control their thermostats through sman phone applications, the 
smart thermostats allowed FPL to conduct load control events by controlling the cycling of the 
homes' heating. ventilation. and air conditioning (HVAC) o;ystems. Roughly half of the homes in 
the STT were randomly given the ability to override the load control while the rest could not. 
These two segments are referred to henceforth as the Override and No Override groups. To assess 
the effects of the thermostats on the pilot's participants, ltron completed an impact evaluation to 
detemline the level of energy conservation achieved by the smart thermostats, estimate the impact 
of the load control on the event days, and characterize participants based on their thermostat set­
points and override behavior. 

A summary of the key energy impact metrics for Lhe TT developed by the impact evaluation is 

1 Th1s metriC cames some tmponant caveats. Fu'St, whereas the total household eonsumpc1on comes directly from 
the mtcrval data. the ur conditioning kWh are CSUJJ131Cd based oo the: coeff'ICICill for coolmg degree days ftom the 
same dally consumption regression models used In estunatt energy Slvmgs. h IS posstble that some coollllS­
rcliUcd consumption is included in the baseline usage - or intcra:pt - from litis model. Second, there are likely 
some savings associated v.11h heating. Because heating degree: days \\<ere not included m the energy savings 
analy:.is- either for dc:termuung baseline usage or for estimating 1mpac1s- there IS no way to esunute what portion 
of either savings or household consumption :~re assoetatcd wtlh huting. 

/Iron. Inc. 1-1 FPL Smart 111ermostat Trial Evaluation 
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CONFIDENTIAL Florida Power & Light Company 
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FPL Smart Thermostat Trial Impact Evaluatio11 Final Report 

presented in Table 1-2, with the summer peale hour in a shaded column. 
A p c_ D f. 

Table 1-2: Summary of Hourly Summer Load Control Reductions F 

To provide a visual representation of the average event impacts, Figure 1-1 shows for both groups 
the average observed hourly kW for the summer event days along with the hourly reference k\V, 
"hich represents an estimate of what would have happened in the absence of an event. The four 
how'S of the control period from 3 PM to 7 PM are shaded in light gray and FPL's peak hour of 4 
P\1 tO 5 PM is shaded in dark gray. The annotated values show the kW load reduction or incre3Se 
for the four control hours and the two hours after, when snapback occurs as homes resume HV AC 
use. The peak hour impacts are easily discernible in the plots. For example, the 0.63 k\V load 
reduction for the No Override group is represented by the difference between t11c reference and 

l The differences in impactS for the lood controlhou"s be~ the 0\oemde and No Ovcmde groups shown m the 
tables and graphs were not statistically s1gni6eant lll the 0 OS level 

ltron, Inc. 1-2 FPL Smart Thermostat Trial £\·alualion 
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FPI. Smart Thermostat Tria/Impact Eval11ation Final Reparl 

obsened loads for the two points in the dark gray area. The average hourly kW reduction is less 
clear, as it is based on the difference between tJ1e average values for the reference and observed 
loads during the control period. OveraiJ, the differences between tJ1c two groups are smaU, though 
the Override group does show a more marked decrease in load reduction in the la<>t hour of the 
event and a substantially lower snapback effect in the two hours following the event If anything, 
a more subStantial impact of the ability to override is that it appears to mitigate the snapback effect. 
The larger snapback effect in the No Override group is likely due to a larger share of the HV AC 
systems resuming operation at me same time. In general, each summer event showed a similar 
pattern across all event days. These individual event-specific plots are provided in Appendix I. 

In conu-astto the clear intluence of the summer curtailment events, the analysis of the winter events 
did not produce any evidence for savings. This lack of winter impacts appeared to have two related 
root causes, which were ascertained by analyzing 15-minute interval data on equipment operation 
from the smart thernostats. First, few of the homes were using any heat whatsoever on the event 
days. Second, of l.Mse that were using heat, most were already cycling their heat at 50% or less 
so me event had no effect other than to synchronize all the homes' cycling schedule. Itron analyzed 
the winter events separately because me conditions associated with each ofilient were substantially 
difTerent For example, the first \\inter event on January 17, 2014 occurred on the second day of 
a cold spell and app-oximately 40% of homes were using ilieir heating. In contrast, me second 
winter event on February 14,2014 occurred following a relatively wann day and only about22% 
of homes '"'here using their heating systems. While the limited heating on both event days was 

O>LJ /Iron. Inc. 1-3 FPL Smart Thermostat Trial Evaluation 
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FPL Smart Thermostat Trial/mpoctl:.va/uatiofl Final Report 

not promising, the intent in modelling the events separately was to see if at least the first event on 
the colder day would result in statistically significant impacts. Nevenheless. neither event resulted 
in any evidence fo• savings for winter load control. In spite of not having any impacts. in the 
interest of completeness, Figure 1-2 and Figure I -3 provide visual representations for the January 
I 7 and February 14 events, respectively. 

/Iron, Inc. 1-4 FPL Smart Thermostat Trial Evaluation 
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CO~FIDENTIAL Florida Power & Light Company 
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FPL Smart Thermostat Trial/mpoct Evaluation Final Report 

1.2 Introduction 

FPL performed the S1T to test the performance of smart thenno~tat technology in residential 
homes. The smar: thermostats employed had the potential for energy savings by offering 
participants the ability to control their thermostats through sman phone applications. The smart 
thetmostats also allowed FPL to conduct load control events by controlling the cycling of the 
homes' heating, ventilation, and air conditioning (HVAC) systems, providing opportunities for 
bett.cr management of the power grid. WhiJe programmable thennostats (PTs) are not new, FPL 
believes that the technology associated with the pilot (thcnnostat and broadband and mobile 
communications) has evolved significantly since last testing pl'ogrammable communicating 
thermostats in 2009. This study investigated the impact of the smart thermostats in a sample of 
residential homes running through 2014. 

The objectives of this study were lhreefold. First, the study sought to measure the energy 
conservation savings associated with smart thermostats. Second, the study attempted to measure 
the demand impacts of HV AC cycling events facilitated by the smart thermostats. Finally, the 
study looked to assess the customers' response to having sman thennostats installed in tenns of 
programming behavior. 

ltron. Inc. 1-5 FPL Smart Thermostat Trial Evaluation 
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FPL Smart Thermostat Tria/Impact Evaluation Final Report 

The effect of the thennosrats was estimated by using both a dummy variable (freaunent = I x Post 
• I} and this same dummy variable interacted with COD for the \\inter and summer months 
separately. ltron included the interaction of participation with weather since the regulation of 
cooling by the thennostat is assumed to be the source of energy savings. 

Summer Energy Savings 

The overall summer model was slatistically signHicant The parameter estimates for key variables 
arc presented in Ta:,Je 1·6. The variables of interest are in red. ll1e parameter indicating the 
effects of the tteatment had the correct sign to indicate savings was slatistically significant The 
parameter indicating the effects of the COD on the treatment group has the correct sign to indicate 
savings but was not statistically significant ·n,e lack of significance in that valiable suggests that 
the level of CDD dcring the summer months is not a factor in energy savings, yet simply having 
the thermostat installed resulted in savings. This is likely due to the thennostat set point of the 
ll'eatmenl group compared to the conttol group which is discussed in more detail later in this report. 

A o Q.. D E. 
Table 1-6: Key Parameter Estimates from Summer Dally kWh Regression Model 

/Iron. Inc. 1-11 FPL Smart Thermostat Trial Evaluation 
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FPL Smart Thermostat Triallmpacr Evaluation Final Report 

To calculate the estimated savings, one must multiply the estimate for the interacted varinble by 
the average COD during the treatment period and then add it to the c:stimate for the simple dummy 
for program participation. Following these steps, the model estimates I .65 kWh per day savings 
in the summer, which is similar to what the simple DiD approach produced. However, because 
variables in the model account for so much more of the variability (R1 "" .67) in the dependent 
variable, the standard errors for these impacts are substantially lower. 

1\ o Q... D e. F Table 1-7: Summer Daily Energy Savings of Smart Thermostats 

Hourlv Ent rgy Smings 

The energy savings 11odels based on daily consumption generate more reliable estimates of energy 
savings due to less unexplained variability, but for two reasons ltron estimated how·ly models of 
energy savings. First, the effects of the them1ostats should vary by the time of the day, so there 
was value in charac1erizing the impacts to verify that the) conform to expectations. Second, to tbe 
extent that there are savings that occur during FPL 's summer peak hour. such an analysis helped 
to quantify those impacts. 

The model specifiution tO estimate hourly energy savings was the same as that used for the daily 
model except that they were done separately for weekends and \\eekdays. In terms of a general 
characterization of the hourly energy savings, Figure 1-6 and Figure 1-7 show the hourly impact 
on the average weekday and weekend, respectively. As expected. the hourly impact on weekdays 
show substantial sa\oings during the day when people likely have their thennostats set higher while 
they are at worlt. U.ter in the evening, their observed consumption goes higher than the reference 
line4 indicating higter consumption, due to either a small snapback effect or the more intentional 
programming of tbe thcnnostat In contrast. the weekend hourly impact is not as substantial. For 
example, there is nc obvious tbenno~tat set back in the morning as one would see around 8 AM 
on the weekday. 

4 Reference line is often referred 10 as lhc baseline. In thts analysis. this tS the household load profile m the absence 
of the treatment eO'cct; i e., no smart thermostat programming and lond control. 

/Iron. Inc. 1- 12 FPL Smart Thermostat Trial £valuation 
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Given the apparent energy savings during the afternoon o.nd early evening on summer weekdays, 
of greater interest to FPL are d1e savings during the peak hour from 4- 5 PM. and particularly on 
hot days. Table 1-8 shows the hourly reference and observed k\V along with the impacts for 

/troll, Inc. 1-/3 FPL Smart Thermostat Trial Evaluation 
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;:) average summer weather and peak bot days. The average summer day impacts are based on the 
:3 average cooling season (April through October) weekday temperaum:s. The peak day impacts 
ll were based on averages for the top 20 non-holiday and non-event weekdays in tem1s of maximum 
5 temperature. 

Ll Table 1-8: Summer Weekday Energy Savings for Average Day and Peak Hot Day 
-, 
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as one saw in Figure 1-6, this is an hour where 
the lhennostat savings are starting to diminish relative to the other afiemoon hours. Of the two 
parameters used to estimate savings, only the variable associated with base savings was 

ltron. Inc. 1-14 FPL Smart Thermos/a/ Trial £1•aluation 
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statistically significants. It is worth noting the savings for peak day \\'dither, \\bile larger in 
absolute tenns, are lower as a percentage of baseline usage than the average summer day. which 
is due to the higher temperatures resulting in substantially higher baseline consumption. 

o spite of this, it is important to note that the goodness-of-fit statistics from many of the 
hourly models are quite low, with very poor precision. For the results of this study, while the 
hourly profiles are t<>lh infonnative and intuitiYe- and certianly useful in certain hours- Itron has 
far mor-e confidence in using the estimates from the daily energy savings models for the reported 
evaluated impacts. 

Winter E11ergv Savf11gs 

Similarly, the O\-erall winter model was statistically significant The parameter estimates for key 
variables are presented in Table 1-9. The variables of interest are in red. In the winter months. 
both parameters of interest indicate savings occurred and both parameters were statistically 
significant fhe significance of the treatment interacted with COD suggests that temperature had 
an effect on the sa'ings resulting from the smart thermostaL The hypothesis is that during the 
summer months, air conditioning is continually running because it is always hot, so the level of 
heat has less effect. In the winter months, air conditioning is only tumed on when it is warm 
enough to need it. which results in more of an effect due to COD. As noted early, there did not 
appear to be an effect on kWh as the temperature decreased in the winter months. n1ercfore, no 
HDD was used in the winter model, which means that there arc no savings explicitly associated 
v.ith heating. 

B C:.. D \:::... Table 1-9: Key Parameter Estimates from Winter Daily kWh Regression Model 

As with the summer impacts. to calculate the estimated savings one must multiply the estimate for 
the intemcted variable by the average CDD during the treatment period and then add it to the 

s ·n~e impacts are bas«! on two variublcs in the regression model. The first is a dummy vanable intended to c:~pture bnsc impacts, which for the peale hour had a p:trameter estimate of.() 152 (t • -5 290, p < 001) The l!CCOnd "~a dummy variable inruacted with CDH, \\-iuch had a p3l'Mieter esumate of.() 002 (I a -0.721. p • 0 4 71 ). The prec1sion of the eStimated s:~vings with 90% confidenct is +/- 14% 

/Iron, Inc. 1-15 FPL Smart Thermostat Trial Evaluation 
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a on. following these steps, the model 3 which is similar to what the simple DiD Y- pp p model account for so much more of the 
~ variability (R1 = .61) in the dependent variable, the standard errors for these impacts are 
lo subslallt.ially lov.er. 

I Ta~e 1-10: ~nter Daily En~y Savings o9 smart Therm~stats \=-
-g 
Q 

10 

I I A common concern \.\ith a program using a new technology such as smart thennostatS is that the 
1 d effect will decrease over time as the customer's interest in the product wanes. To test the energy 
1 ·3 savings persistence, llron estimated tl1e effects of the winter months of January, February, and 
ly March when the tbcnnostats were newly installed separately from No,embcr and December after 
I 5 the customers had been using the thcnnostats for almost a )eat. The results of this comparison are 
llD presented in Table 1-11, which shows the model parameters, and Table 1-12, which shows how \ l the resultS translate into daily energy savings. As expected, the estimated savings from t8 conservation decreased later in the year. although significant savings were stiU found. This is not 
1 q conclusive evidence that persistence could be a problem, but does suggest that it is a worthy 
;;;o research que.stion for future studies. 

A. n e.. u c F ;;;>I Table 1-11: Key Parameter Estimates from Ear1y vs. Late Winter Daily kWh 
;;)J Regression Model 

o>:3 
d4 
d5 
d.I.D 
dl 

Winter Period 

Eeriy 

Early 

Late 

L:ue 

Pan~nltter 

Treatment x Post 

Treatment x Post x COD 

Treatment x Post 

Treatmenl x POSI x COO 

Estimate 

..0.15 

..0. 11 

..0.46 

..0 I I 

Studard Error I Val•e Pr >ltl 
0 22 ·336 00008 
007 ·2.60 00094 
0.27 -1.68 00921 
006 -1.8t 0 0696 

A ~ e._ D t F ;) ?5 Table 1-12: Winter Daily Energy Savings of Smart Thermostats by Early vs. Late 
C)C( in the Program Year 

.?4 To further invest.iga:e the impact of the smart thermostats on energy savings during the winter, 
,?fj ltron ran the regression for each hour. Figure 1-8 and Figure 1·9 show the hourly impact on the 

~ ltron, Inc. 1-16 FPL Smart Thermostat Trial Evaluation 
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{) average weekday a1d weekend, respectively. Similar to the hourly impact on weekdays in the 
~ summer months, the winter shows the most savings dwing the day when people are at work. 
~ Around d1e 8 AM hour, d1ere is a spike in observed consumplion followed by d1c thermosLat set 
S back. Unlike the summer months, there is no apparent snapback effect in lhe evening likely due 
tq to lhe lower temperatures. The weekend hourly impact is not as substantial as the weekday, though 
l it is still clearly visible in the plots. Again, there is no obvious thermostat set back in the morning 
~ but d1ere are visible savings at mid-day. 

4 

10 

t I ltron, Inc. 1-17 FPL Smart Thermostat Trial Evaluation 
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3 

Y 1.7 Demand Impacts from Load Control 

~ On specific days, FPL controlled either air conditioning or electric space heating by sending a 
L£ signal lO the smart lhennostats lO cycle the HV AC equipment in question. The control took the 
I fonn of cycling the HVAC equipment ofJ 50% oftlte time; onen referrcd to as 500AI cycling. As 

iS long as the actual duty cycle of the HV AC during lhe controlled hours was greater than 50%, the 
C. cycling resulted in a reduction in load. A list of the ten events for 2014 is presented in Table 1-13, 

10 along with lhe event start and end times, the HVAC equipment controlled, and lhe number of 
1 t participants included in the analysis. 

\J ltron, Inc. 1-18 FPL Smart Thermostat Trial Evaluation 
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f) is that it mitigates ttjs day to day variabilily to allow the model to more accurately capture program 
3 impacts. 

lD The influence of the type of variability illustrated in Fig\Jre 1-10 was apparent io the results from 
'1 the models for individual households. Consequently, the estimated impacts presented here are 
i) based on the models that used aggregated data. The analysis of the aggregate data was further 
( I divided in two ways. First, the analysis was conducted separ.ucly for the two types of treatment 
1 0 groups (Override and No Override). Second, Lite analysis was done ~eparately for summer and 
\I winter events. 

\~ The final regressior. model used in this analysis for both summer and winter events for the two 
I ~ treatment groups w .. c.S as follows: 

1'-\ 
l'J 
ILt> 
ll 
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Note that for estimation of "inter impacts, due to markedly different weather conditions on the 
rwo event days, each event was modeled separately. 

1.7.1 Summer Impacts by Override Group 

TI1e regression mo<lels for the Ovenide and No Override group both resulted in similarly high 
goodness-of-fit statistics, with adjusted R~ statist.ics of .916 and .914, respectively. Summaries of 
the hourly impact parameters and how they translate into average day impacts are presented in 
Table 1-14 and Tatle 1-1 5 for the two treatment groups. The hours of interest are those of the 
control period from 3 PM to 7 PM (presented in the darkly shaded rows with FPL 's peak hour of 
4 PM to 5 PM in bold text) and the two hours following, which help to assess any snapback effects 
(in lightly shaded rows). For both treatment groups, the regression models resulted in statistically 
significant negative parameter estimates during the four event hours, which arc indicative of load 
reductions. In the two hours following the event, the models resulted in statistically significant 
positive parameter estimates, indicating a snapback effect. These parameter estimates represent 
the kW per CDH, so to convert these into impacts for the averuge event day they are multiplied by 
the average hourly CDH across the event days. 

At the bottom of the table are summary rows showing the total kWh for the entire day, the event 
hours, the snapback hours, and the event and snapback hours combined. While the swnmary of 
the entire day is presented primarily for thoroughness, the tinal three summaries provide the total 
energy savings, the energy consumption associated with snapback, and the net energy savings, 
respectively. 
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;J Table 1-14: Average Summer Houriy Load Impact on Event Days in kW for the No 
3 Override Group 
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Table 1-15: Average Summer Hourly Load Impact on Event Days In kW for the 
Override Group 

The effects of the load control events are presented graphically in Figure 1-11. This shows the 
average observed lead, which is the average of tl1e actual loads on event days, and the average 
reference load, which represents an estimate of what would have occurred in the absence of the 
event. It is apparent by tlle increased slope of the Override group that tlley begin overriding 
roughly one hour ir«o the event. Once tlle event is over, the No Override group shows a larger 
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snapback effect wl:u:.b is likely the result of additional cooling that must occur compared to the 
group who had the ability to ovenide during the evenL In addition to this figure for the average 
event day. ltron calculated the observed and reference loads for each of the individual event days, 
.,..hich are presented in graphical representations in Appendix I. 

one 
should be hesitant to ascribe any meaning to thc!Se counter-intuitive differences. As an illustration 
of this, Figure 1-12 shows the estimated impacts by group for the control period and the three 
hours before and after along with the 90% confidence bands. These bands (shaded with dotted 
outline for the No Override group and no shading with a solid outline for the Override group) 
indicate the range .... ~1ere the impacts wo11ld likely fall 90% of the time given the variability in U1c 
data. The third hoUI of the control period - which is when one would expect overrides to show 
more influence - is annotated with an arrow and text as to emphasize that the impact for the No 
Override group falls well within confidence band for the Override group. ln contrast, the ftrst hour 
after the event is also annotated, showing that the estimated snapback effect for the No Override 
group falls outside of confidence band for the Override group. 
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As a final observation oo the summer even1 impacts. the ability of panicipants to opt out would 
seem to be a potentially significant factor. In the case of this sr r. however, the influence on 
impacts appears to be 01arginal at most. For one, relatively few participants used their override 
capabili!)' during the summer event. As shown in rable 1-16, the August21 event bad the most 
participants opting out, yet just 15 of95 elected to override the event. Additionally, the overrides 
were rarely for the full duration of the event. For example, the average time at which participants 
opted out was alwa}s after 4 PM, or at least one hour after the event start time of3 PM. For several 
events, the average time to opt out was after 5 PM. The small number of homes opting out along 
with timing of the overrides meant that the number of minutes overridden was only a small 
percentage of the total, ranging from low of2.3% to a high of 10.3%. 
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gradual rollout of the control preferable from a system perspective. Note lhat this phenomenon 
appears for the Override group as well, although there is also the intluence of event overrides to 
consider. 
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the kWh scale, the dcfmed slope is not as obvious. These data are presented in tabular format in 
Table 1-1 7. 
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A YO c_ D E. F=-
rable 1-17: Average 15-Minute Snapback During Summer Events 

ll 1.7.2 Winter Impacts by Override Group 
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Unlike the summer event days, the winter events did not show any obvious impact on load 
curtailment TI1e regression results for the lmal models. which estimated impacts separately for 
the treatment groups and the two e\ent dates, are presented in Table 1-1 8, Table 1-19, Table 1-20, 
and Table 1-21. For the sake of consistency with the summer impacts, the results arc presented 
for the entire day, but the key results are for hours ending 7 AM and 8 AM, w'hicb represent the 
event period (in daJk gray, "ith FPL's winter peak hour in bold text), and the two hours after. 
where any potential snapback might occur (in light gray). In the case of the January event day, 
which was the colder of the two winter events and on the second day of a cold streak, the model 
did result in negative paran1eter coellicients for tbe impact variables, but they were not statistically 
significant. For the February event, only one of the event hours for the No Override group was 
negat.ive, but again it was not statistically significant 
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A 0 C.. D ~ F 0 r\ ::t: 0 J Ta6t~ 1-18: Winter Load Impact on January 17 in kW for the No Override Group 
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A 6 C D E. r ~ \-\. I "T 
cQ Table 1-19: Winter Load Impact on January 171" in kW for the Override Group 
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A. B C. D E:. F- Q, H I "Y 
~ Table 1-20: Winter Load Impact on February 14th in kW for the No Override Group 
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A f3 C.. D ~ F <21 H I j 
f).. Table 1-21: Winter Load Impact on February 14th in kW for the Override Group 
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..35- The winter events are presented graphically in Figure 1-15 and Figure 1-16. In contrast to the 
'31o swnmer events, the reference and observed series do not present an intuitive portrayal of what one 
37 would expect for an event Throughout the day, the loads are less predictable and the observed 
3~ loads do not show the same clear drop at the start of the event that was visible in d1e summer 
3CJ evenrs. Overall, the series suggest that the differences during the event hours are as likely due to 
4 0 noise as they are any event eftects. 
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5 Thermostat Set Point Analysis 

lD For this study's third objective, Itron conducted an analysis of the thennostat set points and indoor 
l temperatures on event days to better understand bow customers used the smart tbennostats and 
(5 how indoor temperatures might be related to override behavior. 

<1 With respect to scheduling, a report genc1-ated by EnergyHub indicated that all but six participants 
I 0 had gone through a Scheduling Wizard to set up a schedule of set points. In spite of this, analysis 
I I of the actual thermostat data suggests that some of those homes scheduled a single set point that 
I 0<, did not vary throughout the day and, therefore, are not truly programming their them1ostars. To 
I 3 illustrate this, Figure 1- 18 presents the distribution of average daily set point changes by month. 
I'-{ The left columns show the percentage of homes that did not change their set point on average 
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;;; throughout the month. The data do not indicate ifll1e set point change was manual or due tO a pre-
3 defined schedule. However, it can be noted that mo1-e homes altered their set points more 
~ frequently during the early summer months. 

s 

1 In the analysis of energy savings presented in the previous section, there was an obvious setback 
8' around 8:00 AM during the week. Tbe them1ostat data concurred with this finding as shovm in 

<i the percentage of active theJmostats (only them1ostats in the cooling or heating settings) changed 
I 0 by hour during the week versus weekend in Figure 1-19. This shows that the most set point 
I ( changes are occurring fi-om 7 AM to 9 AM as people arc waking and leaving the home for the day, 
1 ~ from 5 PM to 6 PM as people are arriving borne, and again from I 0 PM to I I PM when they are 
13 going to bed. 
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The thennostat data also provided more insight into the temperatures observed within homes 
during the event periods. Figure 1-1 presents the average indoor temperature of the No Override 
Group compared to the Override Group. For the Override Group, the dashed line indicates the 
avet'age indoor temperature on the event days when the overrides took place and the solid line 
indicates the average on days when the participants did not override. All groups have a similar 
indoor temperature at the staJ1 of events - roughly 78 degrees. However, the No Ovenide group 
shows an incr'Ca.Se in temperature throughout tbe event, but more noticeably in the first two hours. 
For the Override group, those who actually overrode show a logical drop in temperature as their 
air conditioning systems resume operation. For those that did not override, there is an initial 
increase in temperature in the first half hour and then they exhibit a steady temperature for the 
remainder the event period. 

IS ltron, Inc. /-38 FPL Smart Thermostat Trial Evaluation 



J 
3 

CONFIDENTIAL Florida Power & Light Company 
2017 DSM Annual Report 
Stafr s First Data Request; Request No. 7 
Attachment No. la; Page 43 of 44 

FPL Smart Thermostat Trial Impact Evaluation Final Report 

5 As a final atlempt to gain insight into the association between indoor temperatures and override 
(p behavior, Figure 1-21 shows d1e average temperature on event days for .., 
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1 ANALYSIS OF ENERGY SAVINGS FOR FPL'S CUSTOMER TRIAL OF THE 
~ NEST™ LEARNING THERMOSTAT 

3 1.1 EXECUTIVE SUMMARY 

"i Florida Power and Light (FPU conducted a customer trial to explore the effects of the installation of 

S Nest'M thermostats n residential homes. The Nest thermostat is a new technology that has two main 

~ features that are intended to result in energy savings. The first Is an algorithm that learns from occupant 

l behavior so that the Nest can program itself, helping the thermostat to save energy in cases where the 

t residents would no: normally set up a schedule. The second Is online connectivity that allows the 

9 homeowner to control the Nest via a computer, tablet, or smart phone, which can save energy by 
10 reducing consumption when the residents are not home at times atypical to the normal routine. 

t 1 To assess the effects of the Nest thermostats on the trial's participants. ltron performed an analysis of 

I a customer lntervalloi!d data to determine the level of enefiY conservation achieved by the thermostats. 

I 3 The study examined pre- and post-installation consumption data for FPL's cooling season (April through 

I'-{ October) for both trial participants and a control group of nonparticipants with similar energy 

15 consumption charac:erist ics. PartiCipants in the tnallived in dwellings categoriz.ed as either Single Family 

f(p or Villa/Duplex, and the analysis was conducted for these home types separately and together. 
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Control) the PSM routine. There are two key takeaways in this table. The first Is that the matched 

control group Is much more similar to the partidpant.s in terms of average daily usage than the full set of 

all nonpartldpants, though the Improvement is far more marlced for the Villa/Duplex home type. 

Average daily kWh for the control sroup was 96.1" of the participant average dally kWh before 

matching. This improved to 98.6" after the matching. which Is good, but the full set of all partldpants 

might have been suitable without the PSM routine for Single Family homes. For the VIlla/Duplex, 

however, the PSM clearly was a critical step on assuring a suitable set of control homes was used In the 

study. 

A ~ C.. D £:. F <; H .L 
TABLE 1-4: COMPARISOtfliF PAinOPAHTS WITH CONTROL HOME.S BEFORE AND AFTER MATCHING 
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U1lque Ilea• Dtily lllique lutes Meaa Dolr Ho~pGIIiciFODis llo•u kWII IS" of 
He111es kWh All kWII All kWII os" of Mtld!ed Marthe• Portkipalll 
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The second takeaway Is that the number of unique homes in the matched control group Is lower than 

the number of unique participant homes. This means that some control homes were matched to more 

than one participant during the PSM routine. This number is small, however (e.g. 55 control homes 

compared to 57 trEatment homes for Single Family), meaning that the matched control group still 

represented a good variety of homes. 

1.4 METHODS AND RESULTS 

The study assessed energy savings for the Nest trial using two separate analyses based on a Difference­

in-Differences (DID) approach. These two analyses and their results are discussed separately In this 

section. 

Comparison of Means 

The first OlD approach for assessing energy savings from conservation was a comparison of means in the 

pre- and post-instal ation periods for treatment and control groups. This analysis was performed by 

comparing the average daily kWh during FPL's cooling season In 2013 (pre) and 2014 (post) for the 

treatment and control sroups. The DiD approach assumed that even though the treatment and control 

groups were not likely the same in every respect, at least the differences between them over time were 

likely to be the sam! absent any treatment (in this case, the Installation of the Nest). As a result, the 

effect of the treatment can be calculated as the difference In each group's difference from the pre­

treatment period to the post-treatment period. 
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.;) The second 010 apprcach was a panel tlme series regression, whldl was performed to account for more of the 

3 variability In consumption due to weather and other behaviors affect,n& households. Thls allowed the effect of the 

L.j prosram to be estimated with 1!!3S uncertainty. Of the many models tested, the nnal model selected based on 

S &oodness-of·Ot and interpretability of results was as foUows: 
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I 0 The effect of the the-mostats was estimated by using both a dummy variable (Treatment = 1 x Post= 1) 

/9 and this same dummy variable interacted with COD. ltron included the Interaction of participation with 

~0 weather since the regulation of cooling by the thermostat Is assumed to be the source of energy savings. 

,;;) 1 The results from the panel regression models are evaluated first In terms of overall model fit and then 

0);) for the parameter estimates that were used to est imate the savings. With respect to overall model fit, 

Q3 the Villa/Duplex model had an R2 of 0.607, which indicates that nearly 61" of the variability in the 

c:) Lf dependent variable was accounted for in the model. The F statistic for this model, which tests for overall 

cv5 statistical significanre was 627.22, which had a p value <.0001. The Single Family model had an R2 of 

S (o 0.721 (F = 1,060.34, p. <.0001) and the All Homes model had an R2 of 0.732 (F • 1,141.69, p. <.0001). 

6J ( Overall, these are indicative of good model fit for this type of analysis. 

;J 8' The results for the impact variables are presented in Table 1-7, which shows the parameters and their 

()) 9 estimated values for those variables intended to capture the impacts, as well as how those regression 

3 0 outputs translate int:> average daily kWh Savings. For all three models, the parameter estimates for the 

'3 { impact variables were negative, indicating that the thermostats resulted in a dedine in consumption. 

3~ The parameter estimates that interacted participation with COD were statistically significant, as shown 

33 in the column •pr > t l: which shows the probability that the observed t value could have occurred by 

3 L/ chance. For the parameter "Treatment " Post,• the interpretation of the estimate is simply the average 
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daily kWh associated with the thermostat installation. fof the parameter "Treatment X Post X coo; the 

estimate means the average daily kWh per COO, so it needs to be multiplied by the average dally COO to 

calculate the totallnpact. The kWh savings shown Is based on the sum of these two Impacts (where the 

CDD·Interacted estimate has been multiplied by the average cooling season COO). 

A ~ C D£F=fl HI 
TABLE 1-7: PANtfREGRlSSION OUTPUTS AND ESTIMATED AVERAGE DAILY KWH SAVINGS 

Penrmmr 111111 . 
A ... ___ _ 

For the Villa/Duplex ~odel, the panel regression resulted In savings of • which 

represented savings ol cause the panel model included COD as an 

explanatory variable. the parameter estimate for this was used to estimate the consumption assodated 

with air conditioning. The savings for the Villa/Duplex participants represented 21" of this estimated air" 

conditioning k\Vh. For the homes, the estimated average daily savings wefe: or 

The results from the panel regression models are very similar to what was produced by the DiD 

comparison of means; such consistency i.s generally positive, as It serves to validate the results. The 

difference is that the panel regression, which explicitly accounted for the variability associated with 

weather, was able to find statistically significant estimates of savings where the DiD approach could not. 

It is for this reason t1at the estimated savings from the panel regression are presented in this report as 

the official estimates of savings for the Nest trial. 

Finally, Figure 1-4 shows the daily sailings estimates with 90% confidence intervals by home type. In 

terms of absolute (l"ecision, the bands around each estimate are fairly similar. In terms of relative 

precision, these confidence intervals are plus or minus 14%, 30%, and 15" for Villa/Duplex, Single 

Family, and all homes. respectively. The high relative precision for the Single Family savings is due to 

estimated savings being substantially lower. 

II 
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t-/ The panel regression method was also applied to hourly data separately for weekdays (non-holiday) and 
S weekends. While the hourly data had far greater variability and the overall estimated savings are not as 
(p robust as the daily results, these models provided value for estimating Nest Impacts in FPL's peak 
l summer hour and for exploring how the thermostats influenced the dally load profiles. 

8' As a characterization of the hourly energy savings, Rgure 1-S shows the average observed and reference 
9 loads for the Single Family and Villa/Duplex home types for weekdays and weekends. The reference 
1 0 loads - Indicated wlh the triangle marker - represent what the load would have been without the 
1/ Nest's Impacts In each hour based on the results of the modeling. The observed loads represent that 
I [)l average kW following the Installation of the Nest thermostats. The differences between the reference 
I 3 and the observed loads in each hour are the impacts, whether positive or negative. 

!'-{ The load profiles presented in Figure 1·5 have a couple of Interesting characteristics. Rrst, they show 
IS that the Nest saving; for both home and day types occurred durina the middle of the day, generally 
I (p when one would expect to see the impacts as people leave for work or other activities. Second, the load 
I 7 profiles showed clear differences between the Villa/Duplex and Single Family homes. On weekdays, the 
18 observed load for the Villa/Duplex homes showed a drop In consumption after the morning hours 
ICJ compared to a reference load that remained steady. In contrast, the Single Family homes had reduced 

& O consumption on weekdays, but still showed a steady increase throughout the day and even had an 
d 1 Increase in consumption in the evening hours, suggestive of a possible snapback effect. On weekends, 
iY~ the Villa/Duplex hollies still showed substantial savings, but the observed load was gene~ally flatter 
OJ 3 throughout the day without the dip seen on weekdays For Single Family homes, compared to the 

12 
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I weekdays where the reduced usage during the day was followed by an Increase In the evening, on 
~ weekends the savings were seen in lower consumption during the middle of the day with nearly 
3 identical levels of consumption in aJI other hours. 

5 

~ While the compariS<In of the load profiles is interesting in terms of seeing the differences in impacts 
I among home and dly types, the primary results of interest from the hourly models are the actual 
t6 regression outputs ;:nd estimated impacts for the v.eekdays for the hour ending at 5:00 PM. These 
9 results are what Indicate what evidence the analysis showed for savings during FPL's summer peak hour, 
I 0 and they are presented in two separate tables for each of the home types. The first table shows the 

13 
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parameter estimates from the regression model used to determine the effects of the Nest. These 
,;) impacts were based on a single dummy variable to capture any base impacts and a dummy variable 

3 
'-{ 
$ 

~ 
I 
$-
~ 
10 
1/ 
I'J. 
13 

~k-
1~ 
17 

interacted with cooling degree hours to capture any temperature sensitive effects. The parameter 

estimates for both of these variables are presented along with their t test results and standard errors. 

The second table shows how these parameter estimates t ranslate Into hourly Impacts for both an 

average summer day and for when there are peak day weather conditions. The large amount of 

Information In Table 1-8 through Table 1-13 is presented for thoroughness, but for discussion purposes 

the emphasis is primarily on the rows for the hour ending at 5:00PM (17:00 In the tables), which have 

relevance to FPL's peak hour. As shown in Table 1·8, for the Villa/Duplex 

( ~ The interpretation of these parameters is not always an intuitive matter. The models were specified as 

/'f they were to capture the different ways in which the Nest impacts might manifest themselves. It was by 

OJ 0 no means a given that both base and temperature sensitive impacts will be significant or that both wiQ 

~ l be negative in sign. It is important to note that this particular hour is around the likely transition where 

J.;J. the residents of some homes are likely returning from work and the Nest has learned to resume cooling. 

f). 3 In general, the other hours during the day have parameter estimates that can be more easily interpreted 

9L{ and also have larger- impacts. This makes intuitive sense given how the Ne.st works with the likely 
fYs occupancy patterns of most homes. 

14 
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TABU 1-8: DUPLEX/VILLA WEIKDAY IEGIESSION MOOn IMPACT PARAM.ETEIS 
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D J-1 
TABLE 1·9: VlllA\ DUPLEX WEEKDAY HOURLY IMPACTS FOR AVERAGE AND PEAK DAY 

16 
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D 
TABLE 1-10: SINGLE FAMILY WEEKDAY REGRESSION MODEL IMPACT PARM\ETERS 
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D E F 
TABLE 1-1 1: SINGLE FAMILY WEEKDAY HOURLY IMPACTS FOR AVERAGE AND PEAK DAY 
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D 
TABLE 1·12: AU HOMES WEEKDAY REGRESSION MODEL IMPACT PARAMETERS 

19 
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D F 
TABLE 1-13: ALL HOMES WEEKDAY HOURLY IMPACTS FOR AVERAGE AND PEAK DAY 

1.5 SUMMARY AND CONCLUSIONS 

In spite of the challenge of unidentified home types for the nonparticipants, the PSM routine generated 

a control group that represented a very good match for the trial participants, which was confirmed by 

both statistical and graphical comparisons. Energy consumption data for the treatment and control 

group were analyzed using two separate DiD approaches that resulted In similar estimates for 

few preconceived notions about how the Nest themnostats might work in different 

home types, these results are likely to raise questions about why the two home types had such different 

results. Nevertheless, they are the product of rigorous methodological approaches that minimized bias 

wherever possible and the preponderance of evidence is that the Nest themnostats are responsible for 
energy savings in the participant homes. 

20 
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This is a field test to compare energy consumptions between the use of the existing (baseline) 

Dan foss controller and the new Enerfit controller for the existing air conditioning unit at W 
conducted by the University of Miami's Department of Industrial 

Engineering (UMIEI. Enerfit controller modulate the Supply Fan speed, resulting in fewer 

compressors running and significantly lowering the Supply Fan speed, thus saving a 

considerable amount of energy when compared to the Standard (baseline) Mode. The vendor 

has installed both controllers in parallel and Is switching the control of the air conditioning unit 

from the Dan foss controller to the Enerfit controller every two weeks. 

The goal of the res~arch is to evaluate energy savings accomplished by upgrading the~ 

Danfoss Controller with a new Enerfit Controller for the existing air conditioning unit -

Florida Power & Ught Company (FPL) has retained UMIE to 

evaluate the enerS\' savings. To measure the impact of the Enerfit technology, the University of 

Miami, Departmen: of Industrial Engineering team installed, 23 dedicated data loggers and 

current transformers (CT), 9 loggers at the main A/C disconnect, 2 loggers on each of 

compressors, and 6 loggers on the supply fan at 

loggers were installed to acquire the power consumption at the main A/C unit for a full one 

year. 10 temperature and humidity loggers were also installed to monitor both the indoor and 

outdoor temperature and humidity of the space. Three Fluke 1735 Power Loggers were 

installed (One on the Main Unit, One on the Supply Fan, and One on the Compressors) to 

monitor actual power (kWh} and the power factor on the unit. The Enerflt controller was 

switched ON/OFF every two weeks to minimize the effect of the weather variation. 

We adopted the practices used by FPL to divide the entire year in Winter (November-March) & 

Summer (April-October) seasons. Results in three data sets representing three periods of data 

monitored corresponding to Winter, Summer and Combined. 

This report e.xplains the methodology followed by the University of Miami team, presents the 

main results obtained, and explains the analysis techniques followed to investigate the 

UmvetsJty ofMtami lndustnal Enginet'ring Page 3 
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Data loggers will record data points every 2 minutes. Each logger has the capacity to record 

over 2 months of data, therefore they will be replaced every 2 months. To ensure that there 

are no gaps In the data, redundancy has been added by fitting each current transducer with 

two data loggers. The data loggers are programmed so that their replacement timing is 

staggered, i.e. one of the loggers will continue recording while the other is replaced. Table 1 

shows the replacement times for all the loggers. The site will be visited every month and one of 

the data loggers wil be replaced for a new 2-month logger. The second logger will be replaced 

the following month. 

Data Jogger replacement 

Data loggers will be replaced alternating between odd-numbered and even-numbered units 

every month. The plan shown in Table-1 & 2 reflects the scheduling of pick-ups and 

replacements. Te11"4>erature loggers will follow the same scheduale. This plan will allow for 

continious data collection for the entire logging period. 

Data Collection Points 

UMIE will be collecting amperage data at seven different points on the RTU. Phase A. B, and C 

will be logged for the main disconnect panel. The four compressors (1,2,3,& 4) on the unit will 

be logged. Both the Enerfit and Danfoss fans will also be logged. Temperature and humidity will 

be monitored at eight different locations h 1 our outside and four inside units will be 

logging both temperature and humidity at 2 minute intervals. 

Un1 vers11y ofMiwmlncustrial Engineenng Page 8 
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Figure 1-Vlzlo Diagram Illustrating Data Loeglng Strategy 
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Table-1: Schedule of Data logging at~ 
.. ,_, ....... ~rvvo'"' .._,,. 

~'bas. C.P'C'l'l I I a I I I 4 I s I 6 I 7 I 
A ~20140:00 10/U/20140;00 ll/l2/20140;00 2/16/20UO:OO ~U/20UO:OO 6/8/20UO:OO 8/3/20UO:OO '/21/20Uit.OC 

9/"Jj/20140:00 U/2A/20lAO·OO l/U/20UODJ I/16/20UD:OG S/1l/20UO:OO 7/6/20UtnXJ I/U/20UO:OO t/~UO:IIt. 

8 r.tlOA '~/201A 0:00 10/27/7/JlA 0.00 ll/V/7IllA 0:00 Z/14/ZIJU 0:00 ~U/71J13 0:00 6/4/Zil13 0:00 1/3/ZOU 0:00 9/Z8/20U Ct.OC 
9173/7!1lA 0:00 U/2A/2014 0.00 l/U/2015 0;00 1/16/aOU 0:00 S/11/lOU 0:00 7/6/20U 0:00 6/31/ZOU 0:00 9/21/20U O:OC 

c 9/73/2014 0:00 IO/U/'1fl1A 0'00 ll/Z2/2014 0:00 2/16/2013 0:00 ~U/7/JU 0:00 6/1/lOU 0:00 8/l/20U 0:00 9/'114/20U O:OC 
9~/7!JIC 0:00 U/"-/2014 0.00 l/U/7/JU 0.00 S/10/lOU 0:00 S/11/lOU 0:00 7/6/aOU 0:00 8/31/ZOU 0:00 9/7.8/lOU D:llt. 

9/73/7!J14 0:00 10/27/2014 0:00 ll/Z2/2014 0.00 2/16/lOUO:OO 4/ll/'1fJU 0:00 6/8/20U 0!00 8/l/'1fJU 0:00 9/7.8/'1fJU O:OC A 
9/29/2014 0:00 U/"-/2014 0:00 1/U/'1fJU 0:00 3/16/2013 0:00 S/ll/'1fJU 0:00 7/6/20U 0:00 8/ll/lOUO:OO 9/21/lOU O:OC 

A 
9/2'J/2014 0:00 10/27/2014 0:00 ll/Z2/7Ill4 0.00 2/16/lOU 0:00 4/U/'lOU 0.00 6/8/20U 0.00 8/3/20U 0.00 '/28/20U O:OC 
9/29/2014 0:00 U/"-/2014 0:00 1/U/7/JU 0:00 l/1G/20UO:OO S/ll/20U 0:00 7/6/20U 0:00 8/31/lOUO:OO 5/28/lOU O:OCI 

c 9/2'J/7!JIA 0:00 l0/n/7!JIA 0:00 12/Z2/201A 0:00 2/16/20U 0;00 ~ll/201S 0:00 6/8/20U 0.00 1/3/'1fJUO:OO 9/1J/20U D:llt. 

lOOA 9/2'J/<DlA 0:00 U/2A/71J14 0.00 l/1J/'1fJ13 0.00 1/16/2013 0:00 S/U/2013 0.00 7/0/lOU 0;00 8/Sl/IOUO.OO 9/28/lOU O:OC 

c 9/2'J/20140:00 10/27/20140:00 ll/22120140:00 2/14/ZIJUO:OO 4/U/ZOUO;OO 6/4/ZIJUO:OO 8/l/lOlSO:OO 9/zt/'1fJUO:IIC 
9/2'J/<Dl4 0:00 U/2A/201A 0:00 l/U/20U 0:00 I/16/201SO:OO S/ll/20U 0:00 7/6/20U 0:00 l/31/'1fJlS 0:00 9/7.8/2013 0:«1 

A 9/2'J/201AO:OO 10/27/20140:00 ll/WlOlAO:OO 2/16/aOUO:OO 4/13/ZOUO:OO 6/8/lOUO:OO 8/3/ZOUO;OO ~UO.IIC 
'/25120140;00 U/W2014000 l/U/7!JUO'.OO S/lb/'l:OUO:OO )/U/"20UO;f/O 7/6/lOUO:OO ll/ll/20UO.OO W/l:OUO:«i 

A 9/2'J/<DJAO:OO 10/U/20140:00 l2/22/7!J14 0:00 2/16/201.)0:00 4/U/20UO:OO 6/8/lOUO:OO 8/1/IOUO:f/0 ~UO:IIC 
9/2'J/7!)1A 0:00 U/W2014 0:00 l/U/71JUO:OO 1/a/:IOUO:OO 5/ll/20UO:OO 7/6/201SO:OO I/Jl/201SO:f/O 9/21/'1fJUD:IIt. 
10/6/201AO:OO l0/l7/ZOJAQ;OO ll/Z2/71J140'.00 2/16/aCilSO:OO 4/U/ZOUO:OO 6/8/'1DUO:OO 8/l/ZOUO;f/0 9/7.8/'1Dl5D:IIt. 
10/6/2014 0:00 ll/2A/201A 0:00 1/U/7!Jl.S 0:00 J/16/20UO:OO S/U/20U 0:00 7/6/201.) 0:00 8/31/20150:00 !/21/l01.SD:IIt. 
9/2'J/20lAO:OO 10/27/ZOlAO:OO l2/22/7!J140:00 2/16/20130:00 4/U/ZOlSO:OO 6/I/IOU!)SJO 1/J/ZOlSO:OO 9/21/201SD:IIt. 
9/25120140:00 11/2o4/2ll140:00 1/U/20130:00 l/16/20130:00 S/U/"20Uf)SJO 7/8/l.OU!)SJO 8/)l/'1fJU!)SJO 9/7.8/'1fJUD:IIC 
9/2'J/20JA 0:00 ID/27/211U 0:00 l2/22/7!JlA 0:00 2/16/201S 0:00 4/ll/20U 0:00 6/8/'1DU f)SJO l/l/20U 0:00 9/21/201S D:llt. 
9!2'J/'1fJ1AO:«i U/24/lOlAO:OO 1/U/71JUO:«i )/16/20UO:OO S/U/201SO:OO 7/6/201SO:OO l/ll/20UO:OO 9/21/lOUD:IIC 
9/19hfl14000 lO/D/20lAO:OO U/2'211fnAO:OO 2/16/aOUO:OO 4/U/lOUO.lJO G/6/aOUO:OO I/)/'1DUO-.oo 9/21/71JUo.IIC 
9(2'J/201AO:«i 11/241201AO:OO l/U/201.SO:«i I/16/201SO:OO 5/U/201.SO:OO 7/6/2f1UQ;OO 8/3l/20UO:OO 9/21/20UD:IIC 
9/2'J/20JA 0:«1 10/27/21)1A 0:«1 ll/22/7!JI4 0:00 l/16/201S 0:00 ~ll/20U Q;OO 6/lflr1lS 0:00 1/l/lOU 0:00 9/Uf201.S D:llt. 
9/2'JI20JA 0:00 U/W2014 11:00 l/U/20U 0:00 l/16/201S 0:00 S/U/"20U 0:00 7/6/201S 0:00 1/31/2015 0:00 9/21/2013 D:IIC 
9/2S/'1fll40:00 10/D/ZOIAO:OO ll/W'1fl1AO:OO 2/16/ZOUO:OO 4/ll/20UO:OO 6/8/20UO:OO 8/l/lOUO:OO !1(21/'1fJUD:IIt. 
c!_~14 ~- 11M201~ 000 ... 1i1~2!)U_ ~ 1/16/lOlS 0:00 S/U/71Ju 0:00 7/6/20U 0:00 8/.li/201S ~ _9[~U D:llt. 

Page 11 

(j 
0 
"7, 

6 
~ 
2 
~ 

> e-
"O> ::O ~N"!r! 
:: :: _g ~ !: O 
~ 1!: c =3 -..! :::!. 

::1" ~"' 0 ~ 3 .... .,.,~ .. 
s. ~ 2;j' 3:~ 
-- ~ ->~ 
~2-..J O=!; 

0 ~ = ;... ~; reo 
::= - c-
.8 1;' riC' 
c '& ::: 
!l ::1 (') ,... 0 

9 
~ 
~ 

= '< 



I 

~ 

:1 

t 
(, ., 
~ 

i'-0 
~I 
,~ 

~f 
If' 

'" 11 
tt 
if 
~ 
.2) 

~ 
~~ 
.1/, 

1j, 
~ 
34 
~I 
.3Z 

~ _., 
~~ 
~ 
yo 

lD IT•s.t.Nmt 

.... _ 

.art IOC;orcO.<> on o ... ,..._td _, 
to•it!c O.aQ Clr'l tvt,..~bc.rH t.oa,cn 

toLogif11e>nOdd·-ll«td~· 

ta LoQ:I"4 en (~.-d Lccctn 

141 lnd ~Odd-H!Mrlbt:rtd LG"tfl 

'i'lllc* W N Alcll&lc.e lwtn-Nurnbtft.d LOp:.en 

~u ~ 0\ Od4-Humbec'" \.oGCf'J 

1\1 ~ O't (wrWfUIIIib«ed t.cu•n 
'ide \10 lnd ReplKe()dd..tlurnbtttd I.O(tt.n: 

up ..S ~e tvMo-H!.In\bttt:d Loec-t• 
,,. ~ ... Odd--.. Loutn 
-t. ~en lwn--H\tmb4Mf ~n 

...a 1.41 .nd Ato&Kt-Odd-Hwnbr:red ~tn 

Pkk"P ..s ~ tv«tKMnblr•d ~ 

0.-U ~Of\Odd•~l.OCCH' 

D~u t.ouars on I.Ytft.'-~ed L.ou•n 
~ uo lnCI ~t()dO.Itutl\btftd log,en 

N<l vp .ncr AGS.Cct•cn-~~ LotPn 

O.to\ot:lilllanOdQ.-~ 

GiQ lDcP'C on £"'"'"Nu~..t toa:•n 
ltd. Ul' .nd "-''*'• ()dd..Num~'f'd \GUtn 
Pkt up and~· lv~Numblttd I.OC'fB 
Dab~ on Ockt-NI.II'nbcttd Lcum 

u l.OG"'J on (WftoN~t· L0(.£4't! 

up MCI ~~ OdtS44umbHtd l.ottffl 

' :l up and Rlftllace bm-Humz-rcd Lotzen 

UIDalneon~ .. ,._. 

.tttDalft&anl~mtNM.t~n 

Pid. up .ad ~· Odd..f'tumtJ.t:ttcl LOct.n 

Pd. uo lftd at-DlM• lvm.Wumbtt'fd logpn 

, .... 
"'' ~Pioje.<1PSinf:wWM4 Miio~ 

O...:lhu lomlA .__, 

~--.... 

University of Miami lndustr1nl Engmccring 

... 
• 

CONFIDEN'nAL 

A 
Table-2: Schedule of Data Collection at 

_j--
l "'r 
Odlys 

Odlys 

21da'f' 

!>lidlys 

Odlys 

Odlys .. ...,. 
S6doys 

Odlys . ...,. 
w.uvs 
S6d•'J" 

Oelly> 

Oelly> 

!>~>Cloy> 

S6d>ys 

Oelly> 

Odm 

54&\1 

!>~>cloys 

Oelly> 

Oelly> 

........ 
!>lid>ys 

0~ 

Oclm 

S6d.tys 

llelly> o...,. 
0 ..... 

. .... 

I I r ( ..l. "liJ_ ww I ' I t¥ t w l t $ .Ll!tLl..l..LW.LtlJ.J..JJ...Llw t w 1 -t•P• ,.,., f''t:'\'i'"' l': ~'l~n ""t".'1""""' j""'q' J,..u,,_l..,,._[ q Jl fi1j 
... _ .......... -~ ............ J. 

Mon 'fl!lllAMon t/H/14 

.... 9n!/14Monl0/17/14 

..... Ollt/lA Mon U/1</U 

Won10/27/,__ 10/U/U 

M01111/24/1Mon 11/WU 

Mon 10/1.7/lMon ll/U/U 

W.,ll/14/IMonl/l'J/U 

Me>n U/11/lMonll/11/14 

fli.on 1/U/UMon l/1,/U 

....., ll/11/lMon l/11115 

..... 1/10/lSMonl/11115 

von l/16/UMon Ulli/lS 

MOnJII'IlSMon 1/16/IS 

.... l/16/UMon 'lll/U 

W.on J/16/15 ..... S/11/U 

W,on4/U/UMo .. /ll/lS 

M<lnS/lJJUMonS/11/IS 

Mon4/l3/UMon 6/1/U 

"""'$/11/lSM<N> 7/6/U 

..... 6/111!> Mon6/I!/U 

Mon7/6/IS Mon 1/6/15 

Mon 6/1/ 1S MOI'II/l/U 

..., 1/6/1!> Mon 1/ll/lS 

Mon &11/U Monl/llll 

..... 1/ll/IS ..... I/ll/lS 

...,1/l/U Mol> t/281U 

Monl/li/UMon t/lJ/1!> .... ,/Uil>,._ t/lJ/1> 

Mon9/2S/1S..,. tllJ/IS 

taMi~Hr.a 

............. ..-...._..._, 

, ./U ,,m 
~ • 

1 
.. 10!17 

~un~ 

• 12/U 

.; l/U 

l. 

1
l l,(l6 1 

• - JIU ... 
. ..... ,u 

• S/u 

1 . 
1fll l 

"'! ,,. 
'- 1 1 

~I/) 

~s...-.r,...._ ~Mtft-. 0 

~~ ,.---..., o.-..... . ....... --
G ~ t/l/J 

~t/lll 

,.__....., ,........., .. ... ,........,, 
.__. ..... --I I O.,._OIJ#t 

Page 12 

n 
0 z 
::l 
0 
t!.l 
2 
o-3 

~ 
~>;:!:)~~~ 
tl) = (')~-~ 

I1C .. .r:J =l -..J -· 
11> ~ ~ "" 0 c. .... 1=T'"" rn .. NS -!:;1 ,-,;: 
S,~'2:~ --. o 
........ ? ... >~ 
.~>. :z--.~ ~:1., 
00? ~gl<o 

.. .. 
N - - r-

~ ;:!:) liQ' 
.0 ID ::r 
c "0 .... 
!:: 0 (') 
- ;:::\, 0 

9 
"0 .. 
:I 
'< 



1 , 
t l 
Jt-

11 
I 'I 
If' ,, 
11 
I I 
11 
,;kJ 

~ 
;tJ 
.:J/( 
,j( 

flV 

J:7 

: 
:J() 
3t 
1,:J. 

CONFIDENTIAL 

Regression Model #1, 2, & 3: 

Florida Power & Light Company 
2017 OSM Annual Report 
Starrs First Data Request 
Request No. 7 
Attachment No. 2 
Pa(!.e 17 of 148 

CONFIDENTIAL 

The total energy consumption (kWh) of the air conditioning unit (A/C Unit), the four 

compressors, and the supply fan were respectively analyzed for five months starting 

11/01/2014 at 12:00am and ending 03/31/15 at 11:58 pm. Using the average power factor 

computed when controller is on & off. 

Model #1: Total Cooling load Power Consumption Savings 

The regression equation to correlate the hourly A/C Unit kWh consumption with the 

temperature and the Enerfit controller status (whether it's ON or OFF) is as follows: 

determine the number of 

Independent variables to be included in the model (Table 4). 

number of Variables R-Sq R·Sq(adj) SE 
1 23.62 23.59 16.0392 
1 24.31 24.29 15.9665 
2 47.64 47.61 13.2810 
Response is Main kWh 

The second step peiormed was to test if the effects of both the outside temperature and the 

Enerfit controller are statistically significant. An Analysis of Variance (AN OVA) was performed to 

determine whether the Enerfit controller reduction in the kWh is statistically significant. 

Umversity ofMaami Industrial En&neenng Page 17 



1 

, 
1 ,, 

~0 

J.l 
J.J.. 

!).' 
~ 
i; 
1.f 

# 
;i 
tJ­

!J 
:JY 
~ 

'~ ,, , 
'!II 
'I~ 

yt 

~ 

CONFiDENTIAL 
Florida Power & Light Company 
201 7 OSM Annual Report 

Staffs First Data Request 
R equest No. 7 
Allachment No. 2 
Pa~e 19 o f 148 

CONFIDENTIAL 

Regression Analysis: Main_kwh versus Temp, Controller 
Me thud 

Cat&qor lcal predictor coding (1, 0) 

Analysis of Variarce 

Source OF Adj ss Adj MS F- Va lue 1'-Value 
Reoression 2 581182 ?.905911647 . 49 0 . 000 

Tomp 1 2930)8 293098 1 661.11 0 .000 
Controller 1 284664 264664 1613 . 89 0 . 000 

Error 3621 638686 11 6 
Lnck-ot-Fit 3518 629258 116 0 . 72 0 . 949 
Pure Er r or 43 10 428 243 

Total 3623 1219868 

Mocol Sumnary 

S R-'q F-5q(adjl ~-s~ lpred) 
13 . 2810 47 . 64\ 47 . 61\ 47 . 55\ 

C<.>f'f'h:ien~:o 

T•nn Coer s;: coer T-Value P-Valuo VlF 
Constant - 54 . ~9 1. 91 - 27 . 92 o.ooo 
-ren-p 1 . 0liH 0 . 0267 40. '6 0 . 000 LCO 
ront roller 

1 - 11. 7£6 0 . 441 - 40. 11 0.000 1.00 

Controller 
0 M~in_~h • -54 . 99 + 1 . ~691 T~p 

Main_kWh • - 72 . 72 + 1 . 0891 Terrp 

!\egression Equat icn including Cont:olll!t 

The above equation means that, by cont rolling for the outside temperature, and by turning the 

controller ON, a reci.Jction in the kWh of 17.73 kWh occurs. 

The average kWh consumption of the Main unit during the OFF periods (where the controller 

was turned off) is 24.28 kWh. The regression equation indicates that an average reduction of 

17.73 kWh is experienced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller is 

OFF) of 73.02% while maintaining the effect of the outside temperature. Figure displays the box 

plot distribution for Main kWh when the controller is ON vs. OFF. 

Untverslt)' of Minm1 Industrial Engineering Page 19 
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The regression equation to correlate the Compressor kWh consumption with the temperature 

and the Enerfit con:roller status (whether it's ON or OFF) is as follows: 

- · 

First, a best subsets regression was performed in order to determine the number of 
independent variables to be included in the model (Table 7). 

number of R-Sq R-Sq(adj) SE 
Variables 

1 6.87 6.84 11.7995 
1 24.50 24.48 10.6238 
2 31.22 31.18 10.1415 
Response is Compressor kWh 

The second step performed was to test if the effects of both the outside temperature and the 

Enerfit controller are statistically significant. An Analysis of Variance (ANOVA) was performed to 

determine whether the Enerfit controller reduction in the kWh is statistically significant. 

Table 8 depicts the AN OVA table obtained. The technique used to perform the ANOVA was the 

multiple regression procedure. 
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'2.. The regression equation to correlate the Supply Fan kWh consumption with the temperature 
3 and the Enerfit controller status (whether it's ON or OFF) Is as follows: 

4 

1 

e 
q 

10 
I I lliiiiiiiiiii 
iZ. 
13 

14 First, a best subsets regression was performed in order to determine the number of 
15 independent variab es to be included in the model (Table 10). 

lt.P 
11 
U3 
,q 

number of R·Sq R·Sq(adj) 
Variables 

l 77.74 77.73 
1 0.19 0.16 
2 77.88 77.87 
Response is Supply Fan kWh 

SE 

1.93504 
4.09718 

1.92907 
20 ,, 
~ The second step performed was to test if the effects of both the outside temperature and the 

22.. Enerfit controller ar:! statistically signi ficant. An Analysis of Variance (ANOVA) was performed to 

2 3 determine whether the Enerfit controller reduction In the kWh Is statistically significant. 

24 Table 11 depicts theANOVA table obtained. The technique used to perform the ANOVAwas the 

2 5 multiple regression :Jrocedure. 
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1 Regression Analysis: Supply Fan_kwh versus Temp, Controller 
2 Method 

3 

1-/ 
G' 
{, 
7 
J 
t) 
/C) ,, 
tL 

?-z... 

23. 
:1.4 
:l-':> 

2L 

?. 7 

<. 8 
~ ~ 

30 
3\ 
3?. 
~3 

34 
?5 

Jh 

Ca~egorical predictor coding ( l, 0) 

Analysis of Variance 

source CF Adj ss J\dj MS r-value P-Value 
Rftgression 2 47439 . 9 23719 .9 6374.08 0.000 

Tcr.~p 1 87 . 2 1)7 . 2 23 .44 o.ooo 
Controller 1 47327.1 47327 .1 12"111 . 8~ 0 . 000 

Error 3621 13474 . 9 3 . 7 
Lac~-of-Fit 3578 13233 . 2 3. 7 0 . 66 0 . 984 
Pure &rror 43 241 . 7 5 . 6 

Total 3623 60914 . 8 

Model Sul!l'lary 

s R-sq R-sg( a dj R-sq(pred l 
I. 92907 71 . 811\ 11 .an n.es\ 

Coef!1c1ents 

Tora ~f S£ Coef T-Valu<O P-V.)lco 'IH' 
Constant 8 . 646 0 . 286 30. 23 0 . 000 
TeiiP 0.01879 0.00388 4.84 o.oco 1.00 
ControllE>r 

1 -7.2277 0 .0641 -112.71 o.oco 1.00 

Controller 
0 Supply_Fan_kWh- 8 . 646 • 0 . 01879 T~wp 

supply_ran_r.wh - 1. U9 + o. 01879 Tcrrp 

RegL4itS9iou Equ.,tion includin\1 Controller 

The average kWh consumption of the Supply Fan during the OFF periods (where the controller 

was turned off) is 10.01 kWh. The regression equation Indicates that an average reduction of 

7.23 kWh is experienced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller is 

OFF) of 72.22% while maintaining the effect of the outside temperature. Figure displays the box 

plot distribution for Supply Fan kWh when the controller is ON vs. OFF. 
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2.... The total energy consumption (kWh) of the air conditioning unit (A/C Unit). the four 

3 compressors, and the supply fan were respectively analyzed for seven months starting 

"f 04/01/2015 at 12:00am and ending 10/30/15 at 11:58 pm. Using the average power factor 

5 computed when rontroller in on & off. 

l Model #4: Total Cooling Load Power Consumption Savings 

7 The regression equation to correlate the hourly A/C Unit kWh consumption with the 

3 temperature and the Enerfrt controller status (whether it's ON or OFF) is as follows: 

9 

Jo -
II 
I 2. 

J) 

I~ 

I 5 
,~ 

17 ,g 

J tl First, a best subsets regression was performed in order to determine the number of 

2 0 independent variables to be included in the model (Table 13). 

number of R-Sq R-Sq(adj) SE 
Variables 

1 29.40 29.38 21.8638 
1 26.89 26.88 22.2481 
2 54.71 54.69 17.5127 
Response is Main kWh 
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[ 

2.. 
3 

Regression Analysis: Main_kwh versus Temp, Controller 

~ 
6 
t. 

~ 
9 
10 
I I 
12.. 

Method 

Categorical predictor coding (1 , 0) 

Analysis of Varianca 

Source DF Adj ss AdJ MS F-Valuc 
Regression 2 1901795 950898 3100 . 4 9 

Te111p 1 879928 079928 2869 . 08 
controll'!r l 966968 966968 31~2 . 89 

Error 5133 l57HS6 307 
L<lck o! Fit 5107 1569496 301 1. GO 
Pure E:rror 26 4760 183 

Total 5135 3476051 

/3 Hodel Sunnary 

,(. 

~~ ,, 
2.C 
:Z.I 

S R-sq P.-sq(adj) R-sq(pred) 
17.51~/ 54.11\ 54 . 69\ 54 . 66\ 

CO€Ct1c1ents 

TCrlll Co~f St: Coef T-Vollue !'-Value 
Cor.:$te~n:. -HO. l6 4.05 -39 . 56 0.000 
Tl!ttp 2 . 6ns 0.0486 53 . 56 0.000 
Cor.troller 

l -27.4!3 ~ . 489 -56 . 15 0.000 

2 2 Regression Equati<n 

2 "3 Controllf'r 
.l.'"i 0 H:.in_~w- -160 . 16 t 2 . 6028 Te111p 

Main_•w- -187 . 62 + 2 . 60?9 T~mp 

Re~tossion Equatt~n 1ncludlnq Controller 

P-Value 
0.000 
0.000 
0.000 

0.053 

VlF 

1.00 

1.00 

27 Main_kWh:: -160.16 + 2.6028 Temp - 27.459 Controller 

~0 The average kWh consumption of the Main unit during the OFF periods (where the controller 

3 1 was turned off) is 55.88 kWh. The regression equation indicates that an average reduction of 

3 2 27.5 kWh is experi:mced when the controller is turned ON while controlling for the outside 

3 3 temperature. This results in a percentage savings in the baseline kWh (when the controller is 
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2 The regression equation to correlate the Compressor kWh consumption with the temperature 

3 and the Enerfit controller status (whether it's ON or OFF) is as follows: 

5 
b 
7 

8 
q 

10 
I I 

' 2 J?J 

1"' First, a best subsets regression was performed in order to determine the number of 
1 s Independent variab es to be included in the model (Table 16). 

It., 
J7 ,, 
,q 
20 
-::JI 

number of R-Sq R-Sq(adj) SE 
Variables 

1 16.53 16.52 19.0549 

1 33.10 33.08 17.0599 
2 48.32 48.30 14.9953 
Response is Compressor kWh 

'2 2 The second step performed was to test if the effects of both the outside temperature and the 

2 ~ Enerfit controller ar~ statistically significant. An Analysis of Variance (ANOVA) was performed to 

:::2 Lj determine whether the Enerfit controller reduction in the kWh Is statistically significant. 

Univc:rs•ty of M1an1i lndlstnal EngiMering Page42 
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Regression Analysis: Compressor_kwh versus Temp, Controller 

Mothod 

Ca legori~ l predictor coding (1, 0) 

Analysis of Variarce 

Source DF Adj ss Adj HS F-Va l ue P- Value 
R~r,..!lqion 2 1079166 539593 2399 . 63 0 . 000 

Te1np 1 709886 709888 3157 . 02 0 . 000 
cont roller 1 339984 33998< 1511. ~8 0 . 000 

Error 51~3 1154209 225 
I.ack o ! Fit SIC? 114 9790 22S l. )J O. HO 
Pure Error ~6 4410 1 /0 

Total st;s 2233374 

Mode 1 Surrma ry 

s R- sq F- sq(ddj) R-sqlpredl 
14 . 99:>3 46 . 32\ 48 . JOl 48 . 26\ 

Coer tic~ent!l 

Tona Co<!!f S£ Coc! 7 - Vah:e P- \'ah:e VIF 
Co11st.tnt - 155 . ~6 3 .47 -H . ea o.oco 
Tesp 2. 3378 O.OU 6 ~6 . 19 0 . 000 1.00 
Controller 

1 -16. 282 0 .419 -::e .ea 0 .000 1. 00 

..2 2 Reqrcssion &qudticn 

Z. 3 Conl roller 
z ~1 0 C~res:sor_l:W- -155 . 56 • 2 . 3378 T~rrp 

7 5 ComprPssor _ltW - 171. 8 4 • 2 . l378 Tt>n,p 

:;) b Roqtession Equ.;ticn includi ng Controller 

2 7 

2.8 
29 

30 
~ I 

32 
~3 

The above equation means that, by controlling for the outside temperature, and by turning the 

controller ON, a reduction in the kWh of 16.28 kWh occurs In the compressors. 

The average kWh consumption of the four compressors during the OFF periods (where the 

cont roller was turned off) is 38.49 kWh. The regression equation indicates that an average 

reduction of 16.28 <Wh is experienced when the controller is turned ON while controlling for 

the outside temperature. This results in a percentage savings in the baseline kWh {when the 
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-:2 The regression equation to correlate the Supply Fan kWh consumption with the temperature 
.3 and the Enerfit controller status (whether it's ON or OFF) is as follows: 

J.f 

5 -b 
7 

?5 

9 
/ o 
\ I 
j 2 
13 

/ ~ First, a best subsets regression was performed in order to determine the number of 
J S independent variables to be included in lhe model (Table 19). 

lb 
17 
/8 
,q 
2D 
..LI 

number of R-Sq R-Sq(adj) SE 
Variables 

1 87.80 87.79 1.26542 

1 0.10 0.08 3.62043 
2 87.80 87.79 1.26541 
Response is Supply Fan kWh 

'::2 2 The second step performed was to test if the effects of both the outside temperature and the 

2 J Enerfit controller are statistically significant. An Analysis of Variance (AN OVA) was performed to 

2 ~ determine whether t he Enerfrt controller reduction in the kWh is statistically significant. 
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The total energy consumption (kWh) of the air conditioning unit (A/C Unit), the four 

compressors, and the supply fan were respectively analyzed for the entire year starting 

11/01/2014 at 12:00am and ending 10/30/15 at 11:58 pm. Using the average power factor 

computed when controller in on & off. 

Model #7: Total Cooling Load Power Consumption Savings 

The regression equation to correlate the hourly A/C Unit kWh consumption with the 

temperature and the Enerfit controller status (whether it's ON or OFF) is as follows: 

First, a best subsets regression was performed in order to determine the number of 

independent variab es to be Included in the model (Table 22). 

number of R-5q R-Sq(adj) SE 
Variables 
1 20.82 20.81 23.2242 

1 37.54 37.53 20.6280 
2 57.99 57.98 16.9179 
Response is Main kWh 
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I Regression Analysis: Main_kwh versus Temp, Controller 

~ MethOd 

3 Catcgori~l predictor coding (1 , 0) 

L\ Analysis of Variar.ec 

~ Source or Adj ss Adj HS r -value P·Value 
Re9resslon 2 3159709 1729954 6043 . 88 o.ooo 

I T&Jnp 1 2217340 2217340 7747 . 09 o.ooo 
~ Controller 1 1220250 1220250 4263 . 39 0 .000 

tb Erro,- 8757 25()6391 286 
L.lck-of-E'i t 86£5 2490941 267 l. 34 O . O~!J 

,' & rure Error i2 15451 215 
Total 87!9 5<166100 

13 Mooel Sw&!lldry 

:~ s 1\·sq f - sq(adj) R-S'J(pced) 
11> . 9179 57 . 9~' 51.98\ 57 . 96~ 

I~ <.:oeHic1en~s 

17 Term Co<f s:: Coef T·Vaiue ?-V.tlue VIE' 
I 'if Constant -109. iS l. 75 -62 . 8~ 0 . 0()0 
l<f TCJrp 1. 9312 ) . 0219 68.02 0.000 l.CO 
~0 Controller 
c:x t 1 -23 . 6(1 0 . 362 -65. 29 o.ooo l.CO 

~~ Req:~~~i~n Equatl<n 

~3 Controller 
Ol.~ 0 Main_~'W - - 109 . 75 1 l. 9312 T!!np 

RS l Main kW -133 . 35 + 1.q312 Te:rp 
OJ ~ Re9rcssion Equoti"cn including Controller 

~ j' The above equatior means that, by controlling for the outside temperature, and by turning the 

tx ~ controller ON, a reduction in the kWh of 23.61 kWh occurs. 

Jo The average kWh c:>nsumption of the Main unit during the OFF periods (where the controller 

31 was turned off) is <:2.28 kWh. The regression equation indicates that an average reduction of 

3~ 23.61 kWh is experienced when the controller Is turned ON while controlling for the outside 

3 3 temperature. This results in a percentage savings in the baseline kWh (when the controller is 
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(;< The regression equ3tion to correlate the Compressor kWh consumption w•th the temperature 

3 and the Enerfit controller status (whether it's ON or OFF) is as follows: 

s-
~ 

l 

& 

9 
ID 
If 

/;)_ 

13 

~1- First, a best subsets regression was performed In order to determine the number of 
independent variables to be included in the model (Table 25). 

/(() 
17 
18 

number of R-Sq R-Sq(adj) 
Variables 
1 9.58 9.57 

1 39.80 39.79 
2 49.12 49.11 
Response is Compressor kWh 

SE 

19.2415 

15.7009 
14.4348 

Olel The second step performed was to test if the effects of both the outside temperature and the 

~3 Enerfit controller are statistically significant. An Analysis of Variance (AN OVA) was performed to 
01l.f determine whether the Enerfit controller reduction In the kWh is statistically significant. 
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Regression Analysi.s: Compressor_kwh versus Temp, Controller 

Method 

Cateqoric~l predictor coding (1 , 0) 

Analysis of Variance 

Source OF Adj ss Adj MS f'- Va lue P-Value 
Reqre$slon 2 1761545 880772 4227 .11 0 . 000 

Temp 1 1417868 1417888 6804.90 o.ooo 
Controller 1 334384 334384 1604. 82 0 .000 

£rror 8H7 1324 633 208 
l.aclc of Fit 8685 1915250 209 l. GO 0 .00!; 
Pure Error ~2 9383 130 

Total 8H9 3586118 

Mode 1 Swaary 

3 R- sq f-sq(adj) ~-sq tproi!d} 
14. 434!1 H . 12' .9 . 11\ 49.08\ 

Coetticients 

Tnrm Cod Si: Coef T-Value P-Value VJF 
Cur.stan: - 94 . n 1. 49 -63 . 38 0 . 000 
Te:tp 1.5443 :1.0187 82 . 49 0.000 1.00 
Controller 

I -12.3!8 0 . 308 -40. 06 0.000 1.00 

Controller 
0 Coctpressor_I:W • -94.43 + 1. 5443 Temp 

Conpressor_kW • -106.7Q - 1.~443 Te~r 
2 

Rogree~ion Equ~ticn lnciuding Controllor 

:Z.'? The above equation means that, by controlling for the outside temperature. and by turning the 

30 controller ON, a reduction in the kWh of 12.36 kWh occurs in the compressors. 

3t The average kWh consumption of the four compressors during the OFF periods (where the 

3~ controller was turned off} i.s 27.14 kWh. The regression equation indicates that an average 

33 reduction of 12.36 ~Wh is experienced when the controller is turned ON while controlling for 

ol( the outside temperature. This results in a percentage savings in the baseline kWh (when the 
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(;) The regression equation to correlate the Supply Fan kWh consumption with the temperature 
3 and the Enerfit controller status (whether it's ON or OFF) Is as follows: 

t.f 

~ -(p 

1 

3 

4 
tO 
1/ 

tJ 
13 

1'-1 First, a best subsets regression was performed In order to determine the number of 
I~ independent variables to be included in the model (Table 28). 

lfo 
11 

I~ 
14 
~0 

~I 

number of R-Sq R-Sq(adj) 
Variables 

1 82.39 82.38 

1 0.22 0.21 
2 82.55 82.55 
Response is Supply Fan kWh 

SE 

1.58799 

3.71012 

1.58068 

C)~ The second step peformed was to test if the effects of both the outside temperature and the 

~J Enerfit controller are statistically significant. An Analysis of Variance (ANOVA) was performed to 

0)~ determine whether the Enerfit controller reduction in the kWh Is statistically signiftcant. 

~S Table 29 depicts theANOVA table obtained. The technique used to perform the ANOVA was the 

OJ(p multiple regression :>rocedure. 
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,) The total energy consumption (kWh) of the air conditioning unit (A/C Unit), the four 

3 
'-{ 

compressors, and the supply fan were respectively analyzed for five months starting 

11/01/2014 at 12:0Jam and ending 03/ 31/15 at 11:58 pm. With unity power factor. 

5 Model #10: Total Cooling load Power Consumption Savings 

{Q The regression equation to correlate the hourly A/C Unit kWh consumption with the 

l temperature and the Enerfit controller status (whether it's ON or OFF) is as follows: 

8 

9 
/0 

ll 

IJ. 

13 
1t.f 
lb 
I~ 
I( 

1g First, a best subsets regression was performed in order to determine the number of 

11 Independent variables to be included in the model (Table 31). 

dO 
~I 

,;rJ_ 

~~ 
~~ 
.;15 

number of R-Sq 
Variables 
1 44.29 

1 25.67 
2 18.88 
Response is Main kWh 

Untversrty ofM tanltlndustnal Engrneenng 

R-Sq(adj) SE 

44.26 17.1258 

25.65 19.7790 
18.86 20.6624 
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I Regression Analysis: Main_kwh versus Temp, Controller 

J Method 

3 Categorical predictor coding tl, OJ 

4 Analysis of Variance 

'i: Source Of Ad1 ss M jMS F-Value P-Value 
1\E'gresslon 2 844193 422096 1439.16 0 . 000 

~ Temp 1 484341 49~341 1651.39 0.000 
Controller 1 3~4942 354942 1210. 19 o.ooo 

4 Error 36a 1062016 293 
to L.lck-ot-Fit 35';8 1045923 292 0 . 79 0 . 995 
II Pure £uur 43 16')93 374 

ICJ. Total 36:<3 1906208 

13 Hooel Swomary 

'4 !l R-sq F-sq(adjl !l- sq(predJ 
IS"" 11 . 12:>8 44.29\ H. 26l 44 .19' 

I~ Coe!!icHn;:s 

I 7 Tera Cod Sf: Coef T-Vah.:e P-Value VIF 
18' Const .. t"lt -72. ~9 2 . 54 - 28 . 58 0.000 

JZ Te..p 1. 40(0 0 . 0345 40.64 0 . 000 l.CO 
Control~er 

Ol.l 1 -19.7S4 0 . 569 - 34 . 7'1 0.000 1.00 

dd. Regression Equaticn 

~3 ControllPr 
~Lf 0 Hnin_kW • -72 . 59 • 1 . 4000 Temp 

~S" l Main_kw- -92.38 • 1.4000 Te:np 

~~ Reg•ession Equdticn l ncludlng controller 

dl 

dl"t The above equation means that, by controlling for the outside temperature, and by turning the 

a1 controller ON, a reduction in the kWh of 19.80 kWh occurs. 

3o The average kWh consumption of the Main unit during the OFF periods (where the controller 

3 I was turned off) is 29.31 kWh. The regression equation indicates that an average reduction of 

'J.:J.. 19.80 kWh is experienced when the controller is turned ON while controlling for the outside 

33 temperature. This results in a percentage savings in the baseline kWh (when the controller is 
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CJ The regression equation to correlate the Compressor kWh consumpt ion with the temperature 

3 and the Enerfit controller status (whether it's ON or OFF) is as follows: 

10 
(/ 

19 
13 

14 First, a best subs:!ts regression was performed in order to determine the number of 
IS Independent variables to be included in the model (Table 34). 

l(o 

17 

I~ 

,q 
~0 
'd.\ 

number of R·Sq R·Sq(adj) SE 
Variables 
1 4.25 4.23 15.0622 

1 25.28 25.26 13.3061 
2 29.41 29.37 12.9348 
Response is Compressor kWh 

.);( The second step performed was to test if the effects of both the outside temperature and the 

() 3 Enerfit controller are statistically significant. An Analysis of Variance (ANOVA) was performed to 

.;?<..{ determine whether the Enerfit controller reduction in the kWh Is statistically significant. 
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The regression equation to correlate the Supply Fan kWh consumption with the temperature 
and the Enerfit con:roller status (whether it's ON or OFF) Is as follows: 

ly First, a best subsets regression was performed In order to determine the number of 
1 "'"....> independent variables to be included in the model (Table 37). 

llD 
I - I 

number of 
Variables 

1 

R-Sq 

64.42 

R-Sq(adj) SE 

64.39 3.43179 

1 0.28 0.25 5.74630 
2 64.66 64.64 3.42120 

~~ 
C> 0 
eo>\ Response is Supply Fan kWh 

d..) The second step performed was to test if the effects of both the outside temperature and the 

c) .5 Enerfit controller are statistically significant. An Analysis of Variance (ANOVA) was performed to 

;-'LI ':/ determine whether the Enerfit controller reduction in the kWh Is statistically significant. 

Table 38 depicts the AN OVA table obtained. The technique used to perform the AN OVA was the 

multiple regression procedure. 
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Regression Analysis: Supply Fan_kwh versus Temp, Controller 

Method 

Calagorlcal predictor coding ( 1' 0) 

Anelysh o! Vaderce 

Sour cQ tF Adj ss AdjMS F-Valuo P-Valuo 
Regression 2 77547 38773. 6 3312. 68 0 . 000 

TeJnp 1 275 2 "14 . 6 23 . 46 0 . 000 
Controll"'t 1 77216 77215. 1 6597 . 03 0.000 

Error 36<1 42382 11.7 
Ltlck-o!-!"1 t 3578 HH1 11.7 0 . 7ij 0 . 1195 
Fure Error 43 642 14.9 

Total 3623 119930 

Model S=cy 

s R-sq P-sq(adj) R-sqlpredl 
1.42120 64.66\ 64.64\ E4. 61\ 

Coefflcl Pnts 

Tem Coet SE Coet T-Value P-Val~;e '/IF 
Constant 13 . )14 0 . 507 26.24 o.oco 
T8JIIp 0.03334 0.00688 4.84 o.oco 1.00 
Conuollcr 

1 -9.232 0.114 -81.22 o.oco 1.00 

Re9ression Equatlcn 

Controller 
0 Suppl yFan _l-J~h • 13 . Jl4 + 0 .03334 Ten~ 

SupplyFan_kWh - 4. 082 • 0.03334 Tenp 

Reqresa!on Equation includino Controller 

The above equation means that, by controlling for the outside temperature, and by turning the 

controller ON, a reduction in the kWh of 9.23 kWh occurs in the compressors. 

The average kWh consumption of the Supply Fan during the OFF penods (where the controller 

was turned off) is 15.74 kWh. The regression equation indicates that an average reduction of 

9.23 kWh is experienced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller is 

Un~vcrsrty ofM•ami l~al Engineering Page90 



q 
rO 
II 

it.) 

13 
Jy 
l'3 

CONFIDENTIAL 

Regression Model #13, 14, &15: 

Florida Power & Light Company 
2017 0 M Annual Report 
Stafrs Firs t Oata Request 
Request No. 7 
Attachment No. 2 
Paee lOt or 148 

CONFIDENTIAL 

The total energy consumption (kWh) of the air conditioning unit (A/C Unit), the four 

compressors, and the supply fan were respectively analyzed for five months starting 

04/01/2015 at 12:00am and ending 10/30/15 at 11:58 pm. With unity power factor. 

Model #13: Total Cooling Load Power Consumption Savings 

The regression equation to correlate the hourly A/C Unit kWh consumption with the 

temperature and the Enerfit controller status (whether it's ON or OFF) is as follows: 

-

I lC' - a ummy variable lhal is assigned a value 0 when the Encrfit controller is 
I 7 and I when the controller is "ON". 

I 8 First, a best subsets regression was performed in order to determine the number of 

\ Y independent variables to be included in the model (Table 40). 

~(' 

Ol 
a~ 
d3 
O)Lj 

d~ 

number of R-Sq 
Variables 

1 22.52 
1 29.38 
2 50.45 
Response is Main kWh 

Umvcrs1t)' ofMirum locustrilll Engineering 

R-Sq(adj) SE 

22.50 27.4896 
29.36 26.2449 
50.43 21.9854 
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Regression Analysis: Main_kwh versus Temp, Controller 

~ Method 

.!) ~t~orical predictor coding (1, 0) 

q 
~ 

~ 
~9 
1,;> 

I ~ 

!~ 
IV. 
II 

~~ 
£)c) 

~~ 
d~ 

,:) "-tl 

Analysis of v~riance 

Source OF Adi ss Adj MS F- Value P-Value 
R'"grtossion 2 2526090 12630•5 2613.07 o.ooo 

'1emp 1 1396511 1396511 2893. 46 0.000 
controller 1 1055199 1055199 2193 . 07 0 . 000 

Error 5133 2481069 493 
Lack-of-Fie 5107 2413175 484 1. 60 0 . 012 
Pure Error 16 7994 304 

Total 5135 5001159 

Model SuM!ary 

S R- sq t-sq(adjl ~-sq ( predl 
21 . 9~54 50. 4,, 50 . <3\ 50 . 39\ 

Coef ficients 

Term Coef s:: Coef T-Vilbe P-Value VlF 
Cor.lltano:. -2(15. 84 5 . 08 -<0.50 0 . 000 
Tettp 3 . 2814 (1.0610 53. '19 0 .000 1.00 
Cor.tro11er 

t -28.6t4 0 . 6]4 -46. n 0 . 000 1. 00 

Regression Equdtlcn 

Cor.t rol Ler 
0 Haln_fW - -205 .84 + 3 . 2814 Tl!lllp 

Haln_IW- - 234 . 52 .. 3 . 2814 T~mp 

Raqrasslon Equotlon Including Controller 

The above equation means that, by cont rolling for the outside temperature, and by turning the 

controller ON, a recuction in the kWh of 28.69 kWh occurs. 

The average kWh consumption of the Main unit during the OFF periods {where the controller 

was turned off) is 66.53 kWh. The regression equation indicates that an average reduction of 

28.69 kWh is experienced when the controller is turned ON wh1le controll ing for the outside 

temperature. This results in a percentage savings in the baselfne kWh (when the controller is 
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~ The regression equ3tion to correlate the Compressor kWh consumption with the temperature 

5 and the Enerfit controller status (whether it's ON or OFF) is as follows: 

3 
q 

10 
II 

1.;). 
1.::, 

ly First, a best subs~ts regression was performed in order to determine the number of 
I ') Independent variables to be included in the model (Table 43). 

ltD 
II 

\~ 
IQ 
vc 
..;>\ 

dd 
,:J!::> 
a'-\ 

number of R-Sq R-Sq(adj) SE 
Variables 

1 11.38 11.36 23.8856 

1 35.13 35.12 20.4351 
2 45.40 45.38 18.7509 
Response is Compressor kWh 

The second step performed was to test if the effects of both the outside temperature and the 

Enerfit controller are statistically significant. An Analysis of Variance (AN OVA) was performed to 

determine whether the Enerfrt controller reduction in the kWh is statistically significant. 

Table 44 depicts the AN OVA table obtained. The technique used to perform the ANOVA was the 

d. \..P multiple regression procedure. 
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Regression Analysis: Compressor_kwh versus Temp, Controller 

Helhod 

C~tegorical predictor codLng (1, OJ 

Analysis of Variance 

Source DF J\dj ss Adj MS f-Value P-Value 
RPgrPssion 2 1500428 750214 2133.73 0 . 000 

Temp 1 1124319 1124319 3197 . 75 o.ooo 
Controller 1 339166 339166 964 . 65 0.000 

Error 5133 1804747 352 
L;>Ck-o! Fit 5107 1797393 352 l. 21 0.253 
Pure Error 26 7355 283 

Total 5135 3305115 

Model Sumna.ary 

s R-sq f - sq(odj) R-sqlpr~dl 
U! .1509 4!>.4 0, 45.38l <5 . 34\ 

Coe!Clclents 

Term C~f s:: Coot T-\'alue P-\'alue VlF 
C<.>r.Sldlll -198. ::9 4. 33 -(5. '1 0 . 000 
Te~rp 2 . 9~:;} :> .0520 56. 55 c.ooo 1.00 
Controller 

1 -16.2(2 0 . 524 -31.06 0 . 000 1.00 

.._)c) Regression Eq\lallcn 

c)~ ControllPr 
~-- 1 0 CMprEssor_kW- 198 . 39 + 2 . 9421 Tt!np 

.;;:> ':J Conpr.,ssor_kw - -214.65 • 2. qnl Tel'p 
~ L (' 2 

CJ Regression Equaticn including Controller 

The above equation means that, by controlling for the outside temperature, and by turning the 

cont roller ON, a reduction in the kWh of 16.26 kWh occurs in the compressors. 

The average kWh consumption of the four compressors during the OFF periods {where the 

controller was turned off) is 45.82 kWh. The regression equation Indicates that an average 

reduction of 16.26 <Wh Is experienced when the controller is turned ON while controlling for 

the outside temperature. This results in a percentage savings In the baseline kWh (when the 
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The regression equation to correlate the Supply Fan kWh consumption with the temperature 
and Lhe Enerfit controller status (whether it's ON or OFF) Is as follows: 

I L.\ First, a best subs:!ts regression was performed In order to determine the number of 
l ':.> independent variables to be included in the model (Table 46). 

l lb 
I I 
t '6 
I ~ 
rJl 
c) I 

number of R-Sq R-Sq(adj) 
Variables 

1 78.29 78.29 

1 0.13 0.11 
2 78.30 78.29 
Response is Supply Fan kWh 

SE 

2.28503 

4.90103 
2.28474 

G>-J The second step performed was to test if the effects of both the outside temperature and the 
.) / ..) 

Enerflt controller are statistically significant. An Analysis of Variance (ANOVA) was performed to 

<) \.I determine whether the Enerfit controller reduction In the kWh is statistically significant . 

. , .. \ 

c; __, Table 47 depicts the AN OVA table obtained. The technique used to perform the ANOVA was the 

d U 
r;) J 

multiple regression procedure. 
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Regression Anal)rsis: Supply Fan_kwh versus Temp, Controller 

Hethod 

c~tagorlcal predictor coding (1, 0) 

Analy,is oC Vdriance 

Sour.:-e DF Adj ss AdjMS F-Value P-Valuo 
Regression 2 96680 46340 . 0 9260. ~5 0 . 000 

TMp 1 12 12.1 2 . 31 0 . 129 
Controller I 96525 96524.7 184 91.11 0.000 

Error 5133 26794 5 .2 
Ldck-o!-Fi t 5107 26745 ~ - 2 2. 77 0.001 
Pure Error 26 49 1.9 

Total 5135 123474 

ModPl Su,-.,ary 

s R-sq F-sq (adj l R-sqlpredl 
2.28414 78 .30\ 18.:1'1\ 19.21\ 

Coet!icien~s 

Tern~ CoEC s:: C:>et T-Value 1'-\lalue Vlf 
Constant 15 . 211 0.528 28.81 C. DOO 
Te!rp 0.009£4 0 . 00634 1.52 0.128 1.00 
Cor.troll•r 

1 -8 . 67~4 0 .0639 - 135.98 0 .000 1.00 

Controller 
0 SupplyFan I:W • 15 . 211 • 0 . 009€4 7e:np 

1 
2 

SupplyFan_kW - 6. 542 • 0 . 00964 Te~p 

Rfly1es:~ion Equallcn lncludinq Contcollet· 

The above equation means that, by controlling for the outside temperature, and by turning t he 

cont roller ON, a reduction in the kWh of 8.68 kWh occurs In the compressors. 

The average kWh consumption of the Supply Fan during the OFF periods (where the controller 

was turned off} is 16.01 kWh. The regression equation indicates that an average reduction of 

8.68 kWh is experi~nced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller Is 
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The total energy consumption (kWh) of the air conditioning unit INC Unit), the four 

compressors, and the supply fan were respectively analyzed for the entire year starting 

11/01/2014 at 12:0~am and ending 10/30/15 at 11:58 pm. With unity power factor. 

Model #16: Total Cooling Load Power Consumption Savings 

The regression equation to correlate the hourly NC Unit kWh consumption with the 

temperature and the Enerfrt controller status (whether it's ON or OFF) is as follows: 

First, a best subsets regression was performed in order to determine the number of 

Independent variables to be included In the model (Table 49). 

number of R-Sq R-Sq(adj) SE 
Variables 
1 15.41 15.40 29.6438 

1 40.18 40.17 24.9287 
2 55.25 55.24 21.5611 
Response is Main kWh 
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Regression Analysis: Main_kwh versus Temp, Controller 

Method 

:S Categorical predictor coding (1 , 0) 

Analysis ot Variance 

"..J 
~0 

8 
\'r 
ld 

Source 
RPqres,;lon 

Temp 
Controller 

Error 
J..ack ot-<1 t 
Pure Error 

Tot<~l 

I~ Hodel SUIIIIIarY 

DF 
2 
1 
1 

87~7 

8665 
2 

87~9 

Adj ss Adj MS 
5026763 2513392 
3625114 3625174 
1311591 1311591 
4070910 465 
4046319 466 

24592 342 
9097133 

S R-sq F-sq(adjl R- sqtpred) 
ll.Sbll 55 . 25' 55. 24\ 55 . 22\ 

I I 
t6 
I<) 
QC> 

.:.JI 

CoetficH!nts 

To,. 
Cor.stant 
Te:tp 
Controller 

1 

Coet 
- 143 . (5 

2 .4 693 

-25.0<8 

C) e1 Regression EquuLiecn 

~::J Controlln 

s:: Cod T-Value 
2 . 23 -64 . 46 

0 .0280 S8 . 11 

0 . 4£1 -54 . 32 

F-Value 
5406. 50 
7798.05 
2950.4 1 

1.36 

P-Value 
O. JOO 
0 . 1'100 

0.000 

d'-1 0 Main_IW- -143. H ~ 2 . H93 T"ltP 

d ".;:) Haln_IW- -168 .48 ~ 2 .4693 T"ITP 

c;l~ R&qre~~lon Equation including Controlle r 

P-Value 
o.ooo 
0 . 000 
0 . 000 

0 . 044 

VlF 

1. 00 

1.00 

controller ON, a reduction in the kWh of 25.03 kWh occurs. 

and by turning the 

The average kWh c:>nsumption of the Main unit during the OFF periods (where the controller 

was turned off) is 50.94 kWh. The regression equation indicates that an average reduction of 

25.03 kWh is experienced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller is 
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CONFlDENTIAL 

The regression equation to correlat e the Compressor kWh consumption with the temperature 

and the Enerfit con:roller status (whether it's ON or OFF) Is as follows: 

c;) -

lo 

ll) 

I I 
tc> 
I.:J 

IL\ First, a best subsets regression was performed in order to determine the number of 
1 ~ independent variables to be included in the model (Table 52). 

l\.{) 

I I 

tiS 
I ( \ 

.;:/() 
dl 

ud 

number of R·Sq R·Sq{adj) SE 
Variables 

1 6.04 6.03 24.4551 

1 41.59 41.58 19.2824 
2 47.42 47.41 18.2954 
Response is Compressor kWh 

The second step performed was to test if the effects of both the outside temperature and the 

Enerfit controller are statistically significant. An Analysis of Variance (ANOVA) was performed to 

determine whether the Enerfit controller reduction in the kWh is statistically signif icant. 

Table 53 depicts the AN OVA table obtained. The technique used to perform the ANOVA was the 

multiple regression procedure. 
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Regression Analysis: Compressor_kwh versus Temp, Controller 

Method 

Categorical predictor coding (1, 0) 

Analysis o f Var iance 

SOU f CC OF Adj ss Adj MS F-Va 1ue P-Valuo 
Re9 re~slon 2 2643456 1321728 3948 . 16 o.ooo 

Temp 1 23065eo 2306580 6891. 07 o.ooo 
Cont roller 1 325194 325194 971. !>4 0 . 000 

Error 87~7 29311 43 335 
Lack-of Fit 86f5 291!>352 336 1. ~8 0 . 006 
Pure trror 12 15292 212 

Total 87~9 5!>74!>99 

MOdel S=ary 

s R- sq F- sq(o<lj) R-sq(prcd) 
a . 29~4 47. 42\ 41 . 41\ 47 . 38l 

Coe!f1clcnts 

Toma Coe f SE: Cocf T-Value r · Va1uP. VlF 
Const.rn~ -122.~6 1. e9 -64. 79 o.ooo 
Tcrrp 1 . 96~6 0 . 0237 93. 01 0 . 000 1.00 
Contrcllt'r 

1 -12 . 187 0 . 391 -31. 17 o.ooo 1.00 

Regression Equaticn 

Cont roller 
0 Compressor_kW- 122 . 36 • 1. 9G96 T~~p 

1 Compr~ssor_kW • - 134. 54 • l . Q696 T~~P 

R~qtession Equation i ncludi ng Controller 

The above equation means that, by controlling for the outside temperature, and by turning the 

controller ON, a reduction in the kWh of 12.19 kWh occurs in the compressors. The average 

kWh consumption of the four compressors during the OFF periods (where the controller was 

turned off) Is 32.70 kWh. The regression equation indicates that an average reduction of 12.19 

kWh is experienced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller is 
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The regression equation to correlate the Supply Fan kWh consumption with the temperature 
and the Enerfit controller status (whether it 's ON or OFF) is as follows: 

First, a best subsets regression was performed in order to determine the number of 
independent variab es to be included in the model (Table 55). 

number of R-Sq R-Sq(adj) SE 
Variables 
1 71.18 71.17 2.83294 

1 0.38 0.37 5.26671 
2 71.49 71.49 2.81752 
Re.sponse is Supply Fan kWh 

The second step performed was to test if the effects of both the outside temperature and the 

Enerfit controller ar:! statistically significant. An Analysis of Variance (ANOVA) was performed to 

determine whether the Enerfit controller reduction in the kWh is statistically significant. 
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Regression Analysis: Supply Fan_kwh versus Temp, Controller 

Method 

Categorical prcdi,tor coding 11, :l) 

Analysis of Variance 

Source OF Adj ss Adj HS F-Value P-Value 
RPQrPs~lon 2 174348 87174 l 09aJ . 27 o.ooo 

Te111p 1 771 771 97 . 12 o.ooo 
controller l 17341!:1 173415 21844 . 38 0 .000 

Error 8757 69517 3 
L:lck-of-Fit 86ES 68825 3 o . a2 0 .894 
Puce Error i2 692 11) 

Total 87!9 243865 

Hodel Swanary 

S R-sq ~-sq(adjl R-~~lpredl 
2 . ~1752 1! .4~\ ll .49t 11 . 47\ 

Coet! lcients 

Term CO(f S£ Coef T-Vi!ll;<l P-Va1ue VlF 
Constdfll 13.00 0 .291 44. 93 o.ooo 
Te~~~p 0 . 036Cl 0 . 00365 9 . 86 0 . 000 1.00 
Controller 

1 -8 . 89S2 0 .0602 -147 . 60 0 . 000 1.00 

C> 0 Reqr ess1on Equl!t1cn 

()I 

08 
QC, 

5D 

3 1 
3c). 
3.::> 

Controller 
0 SupplyFan_kW - 13 . 061 • 0 . 03601 Temp 

SupplyFan_kW- 4.1 67 + 0 . 01601 Temp 

Ruyresslon Equdtlcn including Controller 

The above equation means that, by controlling for the outside temperature, and by turning the 

cont roller ON, a reduction in the kWh of 8.89 kWh occurs in the compressors. 

The average kWh consumption of the Supply Fan during the OFF periods {where the controller 

was turned off) is 15.90 kWh. The regression equation indicates that an average reduction of 

8.89 kWh is experienced when the controller is turned ON while controlling for the outside 

temperature. This results in a percentage savings in the baseline kWh (when the controller is 

Umverslt)' ofMianulnd.lstnal Engineering Page 132 



,. 

/) 

;3 

q 

'S 
l1' 
I 

g 
Ct 
10 
I I 

J_;) 

~~ 

1'-l 
I~ 

1\.D 
\ -, 
16 

C> l 

CONFlDENTIAL 

Conclusion: 

Florida Power & Light Company 
2017 OSM Annual Report 
Staff's First Data Request 
Request No. 7 
Attachment No.2 
Page 146 or 148 

CONFIDENTIAL 

In this report the exhaustive description of the methodology and findings of the study 

conducted by the University of Miami, Department of Industrial Engineering team to quantify 

the impact of the Enerfit controller installed on the existing air conditioning unit at~ 
lllltsupermarket site is given. First, the total energy consumption (kWh) of the air 

conditioning unit (A/C Unit), the four compressors, and the supply fan along with the resoective 

power factor is monitored for the entire year (November 2014- October-2015). We adopted the 

practices used by FPL to divide the entire year in Winter (November-March) & Summer (April ­

October) seasons. We analyze the data to find the relation of power consumptions during the 

controller on/off periods. 

Also, daily and hourly average data is computed to display the kW and temperature variation 

trends in summer and winter seasons based on the controller status. We computed the savings 

(reduction in kWh) scenario in the Winter, Summer and the combined dataset for the entire 

year by using the raw average consumptions at the time of controller on & off. Moreover, the 

multiple regression technique was used for detailed statistical analysis, which gives us more 

accurate estimation of the savings (reduction in kWh). 

Tables 59 and 60 list the results of computed savings in the two methodologies of raw savings 

and regression savings. 

Table 59: Computed Raw Savings 

Datasets Average Power factor Unity Power factor 

Winter(Nov'l4· Main 73.45% 67.99% 

Mar'15) Compressor 53.37% 
SupplY Fan 72.2% 

43.78% 
58.67% 

Summer(Apr'l5- Main 50.49% 44.55% 

October'15) 
Com ressor 44.07% 
Supply Fan 67.27% 

37.36% 
54.18% 

Combined (Nov'l4- Main 56.33% 49.67% 

October'15) 
Compressor 46.15% 
Supply Fan 68.56% 56% 

37.93% 
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In terms of peak-hour demand, the Enerfit controller managed to reduce the peak demand by 
49.13 % when a unity power factor was used and 55.82 % when using varying power factor 
approach. 

Table 61: Peak Demand Savings 

University of Miami Industrial Engineering Page 148 
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Software 

Network 

Adara network and 
switches with FPL 
built software 
components (LMS) 

LMS 

Aclara PLC 

CONFIDENTIAL 

• Add !IDEAS 
software, 

• required 
substation 
upgrades, 

• use ex•sting 
transponders 

LMS and Aclara 
I iDEAS 

Upgraded Aclara PLC 

• Add IIDEAS 
software, 

• required 
substation 
upgrades, 

• Gen 2 
transponders as 

fall 

LMS and Aclara 
!iDEAS 

Upgraded Aclara 
PLC 

Florida Power & Light Com puny 
2017 DSM Annual Report 
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• Add iiDEAS 
software, 

• required 
substation 
upgrades, 

• Gen2 
transponder 4 
year deployment 

LMS and Aclara 
iiDEAS 

Upgraded Aclara PLC 

SSN enabled Next 
Gen switches with 
new DRMS 

Autogrtd, Comverge 
Cooper, Alstom, 

Others 

Silver Spring Network 

Transponder Aclara LCT Gen-1 Aclara LCT -Gen 1 Aclara DRU-Gen 2 Aclara DRU-Gen 2 Cooper, Comverge 

Features 

CPVRR 
30 year 

PLC enabled fast 
latency, visibility Into 
A/C register. 6 
months to query AIC 
loads 

New software- much 
faster testing, 
improved visibility into 
connected loads, 
better raporting 

---' 

In addition to option 
1: Additional visibility, 
proactive reporting, 
new load control 
options 

...1 

Same as option 2 

r 
Investment in Aclara iiDEAS® software is focused on 

providing near real-time situational awareness 

Proactive visibility Into 
connected loads, 
eliminate substations, 
future DR capabilities 

llllllli 

• FPL.. 
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Software - Aclara Solution 

1. "As is" FPL software 98o/o >11 .0 hours 
(w/ no "grouping" or FGU options) (read -5600 LCTs 1 x1 on Bus 2) 

2. Using iiDEAS software 98o/o+ 

------------------------------------

17 • FPL. 
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• 
TWACS EFFICIENCY 'I st trv 
COMPARISONS: 1·e<1d 
(at "Worst case" SUB & BUS) success 

• 
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Read 1-byte siatus 
from REGISTER #99 

(error = port stuck 0/C) 

eTWACS (iiDEAS + MIRA/G2 -1 .0 hour 
@sub+ IPU per feeder (MIRA, SCPA-G2, "Feeder" level) 

• MIRA {in each CRU) enables (1) improved search I read reliability 
(-6 dB avg. improvement in TWACS inbound reception), (2) "noise" 
filtering (advanced algorithm), and, if FPL installs a 3-phase IPU on 
every feeder, {3) concurrent-feeder eTWACS capabilities. 

• SCPA-G2 {in a CRU) enables (1) fast, efficient, reliable processing of 
high-volume commands and (2) eTWACS capabi lities. 

iiDEAS will be used for network testing and LMS will continue to be 
used for load control execution. iiDEAS for load control will be 

evaluated in the future along with next gen. DRU (LCT) equipment 

16 • FPL. 
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TWACS EFFICIENCY 1 ·,t t1·.: ;~2~1d ·1 ·bvt·2 c;t::Jrtls . .. 
COMPARISO~·~S: 1 e:_·~:'-' rrcm ;:!~C::!.S.Tf:F! !i·39 
(at ··vVorst case" S U 3 3. 8 US} ~~ u c c.:: ...:s \e. ror ::: port ~ tuc f\ 0/C) 

4. (Future) Same as 3. along with 
an e TWACS endpoint 

99%+ - 0.5 hour 
(same as 3 .with eTWACS endpoints) 

• FPL.. 19 



q 

/0 

jl 

/:J... 

11 

j'l 
,~ 

'" 11 
/Y 

If 
.21> 

.111 

CONFIDENTIAL 
Florida Power & Light Company 
2017 DSM Annual Report 
Staff's First Data Request 
Request No. 7 
Attachment No. 5 
Page 21 of21 

We plan to test the iiDEAS software during 1 Q2016 

Notes: 

1. On, or before, March 31, 2016; FPL must make a decision to move forward with the full implementation or 
not If FPL elects to move forward, then the fees indicated in the " Full Implementation" column will be 
billed. If FPL elects to not move forward with the full implementation, then the iiDEAS software must be 
uninstalled and no additional fees w ill be charged. 

2. Pricing shown assumes non-hosted (i.e. on FPL premise) iiDEAS deployment. Hosted pricing available, 
should FPL desire that approach . 

3. Excludes server hardware for the iiDEAS software. 

21 • FPL.. 
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EXBIBITD 

BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

In re: Florida Power & Light Company's 2017 
Demand-S ide Management 

Docket No: Undocketed 

DECLARATION OF THOMAS R. KOCH 

1. My name is Thomas R. Koch. I am currently employed by Florida Power & Light 
Company (''FPL") as a Senior Manager, DSM Strategy, Cost and Performance in the Customer Service 
Business Unit I have personal knowledge of the matters stated in this written declaration. 

2. I have reviewed the documents and information included in Exhibit A to FPL's Request 
for Confidential Classification filed this date. The documents I have reviewed and which are asserted by 
FPL to be proprietary confidential business information, including information reflecting bids, contractual 
data, and competitive interests. Disclosure of this information would violate FPL's contracts with its 
vendors, work to the detriment of FPL's competitive interests, impair the competitive interests of its 
vendors and/or impair FPL's efforts to enter into contracts on commercially favorab le terms. Specifically, 
the documents contain information regarding pricing, operating characteristics and segmentation, and 
technology trail results. The disclosure of this proprietary confidential business information would 
disadvantage the vendors and FPL. To the best of my knowledge, FPL has maintained the confidentiality 
ofthis information. 

3. Consistent with the provisions of the Florida Administrative Code, such materials should 
remain confidential for a period of eighteen (18) months. In addition, they should be returned to FPL as 
soon as the information is no longer necessary for the Commission to conduct its business so that FPL can 
continue to maintain the confidentiality of these documents. 

4. Under penalties of perjury, I declare that I have read the foregoing declaration and that 
the facts stated in it are true to the best of my knowledge and belief. 

Thomas R. K h 

Date: ~ \ \ 1 r '2.. b I ~ 




