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Phased Deep Retrofit (PDR) Project

Detailed residential field Gl T
metering project in FPL
Service Territory PN
Spring Hill Orle?ndo
Cooperative project between Tt
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Collecting data of unique
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PDR: Extensive end-use metering

January — July 2013: 60 homes

18 channels

— Whole house power down to the TV!
— All major end uses

— Interior temperature & humidity

— Hourly data

Created analysis system for graphic summary &

— Hourly time series; hourly load shape; daily
averages

— See long term, load shape trends and
seasonal changes

— By site; by groups, over discrete time
intervals

How can you make sense of 5.8 million data
points?




Hour/Daily & Demand Total Loads:
Archived data available for FPL/DOE

Whole Building Power

All Houses

Whole Building Power, Demand Profile

o
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Hot Water: Detailed Data on Load Shapes

Hourly

Water Heater Power

Example: High Quality Water Heating
Load Shape Data: Available for

All Houses .
< Each End Use for an Entire Year
4
o
g 2:1 Difference winter to summer
B
@
L I T
u] =] -1u] 1920 2880 3840 4800 5760 6720 7e30 8640
Jan 01 2013 01:00:00 to Jan 01 2014 00:00:00
Daily Thanksgiving/Christmas Time of Day
Daily Water Heater Power Water Heater Power, Demand Profile
- All Houses All Houses
g % 0.4
= 5 ,
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% % 0.2
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Jan 01 2013 01:00:00 to Jan 01 2014 00:00:00

Jan 01 2013 01:00:00 to Jan 01 2014 00:00:00




It’s Complicated: Mix & Size of
End-Uses at Each Site Unique

a0

80—

0+

60—

kwh/day
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House Number
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Complex Picture of Electricity Use

Electricity by End Use, Jan 1, 2013 to Dec 31, 2013
All Houses, 42.2 kWh'day Total
LHLY Strip
2.5 kb HF Cornp
Ely 12.8 Kk
a0
Wiater Heater
4.2 kwh
11%
Oryer
2.2 kwh
a0
Range
0.3 kwh
204
Di =k
0.3 kwh
1%
Fridge 1 Light= &COther
2.3 k'wh 7.2 kwh
204 17040
Fridge 2 Mzin Horne Ent.
1.8 k'wh 1.7 Kwh
4% %
Spares Foaol Purnp
3.2 kwh 2.1 Khvvh
T 7%

No single end-use dominates; Conventional loads (space heat/cool & water heat)
only 45% of total; lighting & plug loads large difficult to address category



What Makes up the Peak?
Ann. Time of Day: Load Shapes

Electricity by End Use, Daily Demand Profile

All Houses, Jan 1, 2013 to Dec 31, 2013
25

= HP Comp
AHUIStrip

= ‘Water Heater
Dryer
Range

= Dishw

== Fridge 1

= Fridge 2
Spares
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== Main Home Ent.
Lighting & Cther
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h
]
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]
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Shallow Retrofit Measures

Collect detailed audit data

Change all incandescent lighting
to CFL or LED lighting

Add exterior insulation tank wrap
to hot water tank

Replace shower fixtures with hi-
efficiency head if measured flow
is greater than 2.2 gpm

Set pool pump hours to no more
than 5 hours per day

Clean refrigerator coils if dirty

Provide smart power strip to any
standby power loads greater than
10 Watts continuous




Shallow Retrofit Evaluation:
30 days before & after

kWh per Day

Shallow Retrofit at Site #7
March 28th, 2013

25

20 +

— e HotWater (7.7/5.9)

¢ oo oones Refrigerator (2.0/2.1)
L —-@-—— Pool pump (16.0/9.4) ]
O Lights,fans,plugs (14.0/11.1)

70 s 80 85 90 95 100 105 110 115 120
Julian Date: February 28th - April 28th, 2013




Preliminary Savings by Measure: 9%

Preliminary Savings by Measure
for Shallow Retrofits in PDR Project

4.0

35 _ ST Average Total per Site Reduction (9%) ]

3.0 ] .

2.5 1 .

2.0 - .

1.5 .

" - — |
0.0 - : . : : |

Total Hot Water Refrig. Pool pump Lighting
Retrofit End-Use

Daily Saving in kWh




Shallow Retrofit Savings: Two
Evaluation Method Results

Hot Water Refrlgerator | Pool Pump Lishtz & |[Whole House [ % Whole

Shallow Retrofit Average Daily Savings (kWh) (kW h} (kW h} Other (kwh] [ kWh} House Savings
30 Days Pre-Retrofit 5.6 2.4 10.7 7.7 40.5
Weather-Ad justed, 30 Days Post-Retrofit 5.2 2.3 B0 £.4 35.3

Weat her-Adjusted, 30 Day Pre- vs. Post-Retrofit 0.4 01 27 12 a2 9.3
October 2012 4z 32 7.4 B.5 453
October 2013 3.6 23 7.2 6.1 417

October 2012 wvs, October 2013 0.5 0.5 0.2 13 is 7. %




9% Savings were Durable

Largest: Lighting, water heating, refrigerator

Implication: Simple utility pass through audits can make a difference

October 2012, 45.7 kWh/day

(n=17)
Lights & Other
(18%) _'II HP Comp,
8.6 kWh (31%)
14.6 kWh
Main Home
Ent. (4%)

1.9 kwh

—_AHU/ Strip

Pool Pump -
(8%
4.0 kWh
Spares [8%)
3.6 kWh
Fr;dzg J,Ll:ﬁ ] | T Dryer{4%) (9%)
) Dishw (1%) | Range (1%) 17kwh 32 kWh

(5%)
2.3 kWh
Water Heater
0.3 kWh 0.6 kWh

October 2013, 41.9 kWh/day

Lights & Other (n=17)

[14%)
6.1 kwh
Main Home HP Comp
Ent. (4%) (35%)
1.6 kWh 14.5 kWh

Pool Pump

(9%)
3.8 kwh
Spares (8%)

3.2 kWh )

/_AHU,F Strip
(5%)

Fridg (11%) 2.1 kWh

4.5 kWh Water Heater

Dishw | \_ (8%)
(1%) Range (1%) Dryer (4%) 3.6 kWh

0.3 kwh 0.6 kWh 1.6 kwh




Deep Retrofit in Site #19

Daily Residence Power Use
Hi- eff AC HPWH

I—I & House 19
140 - - - - - 3 - whole House
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0 146.4 2028 439.2 585.6 732 878.4 10248 11712  1317.6 1464
Aug 11 2013 01:00:00 to Oct 11 2013 00:00:00

Total Consumption from 110 kWh/day to 50 kWh/day: >50% reduction & not done,
Insulation & appliances yet to go...



Site #40 Deep Retrofit: 40% Savings

AC/NEST/Ducts

Daily Resigknce Power Use

HPWH
3.5->1.2 kWh/day: 65%

— use 40
E 7o - 0 - - 0 - : - i Whole House
= 1T I
= 60 e~
2 50 -
E 40
; .
[=] 30 A
o J
L zo4
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Sep 01 2013 01:0000 to Oct 01 2013 00:00:00
35->15 kWh/day: 57%
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Electric Power (kWh/day)

20

8O -
70
50
50 -
40

30

Daily Residence Power Use

House 26

0 1128225 38 451.2 564 6768780 6002 015 2128

i Whole Houss

Electric Power (kWh/day)

&0

50 o
40
30
201
10 o

Daily HVAC Power Use

II'i'I'I'I'I'I'I'I

0 1128225 38 451.2 564 6768780 6002 015 2128

House 26 /

11

10 ]

Daily Hot Water Power

/

House 26
: - : - : - Hiok Waker

Site 26: Deep Retrofit
74 kWh/day-->50 kWh/d

~ 33% savings

AC retrofit+ Nest t-stat+ duct sealing
saves ~20 kWh/day

HPWH retrofit saves ~4 kWh/day

Electric Power (kWh/day)

Takeaway: HVAC & heat pump water heater
Retrofits produce reliable demand reduction

O F Ry B Ao @0
Ll apatapata}
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0 1128225 &E384¥51.2 5646766780 6002 BOL5 21128
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Heat Pump Water Heaters

Pre and Post-retofit Hot Water Energy Use
80 Gallon Retrofit HPWH

Dependable ii .

savings vs. replaced N TR

electric resistance £ T UV
LRI

Water Heaters E%W\“}X/%%j ﬂf’ A YN

80 gal. models: 4+ S AR

LR B T A AR S I I A 4
30 day Pre/Post Period

person households !

—Sjte § =—Site 19 Site 26 ===Site 30 =——Typical Control

65% overall savings
(3.6 kWh/day)
60 gal: 61% savings |
(2.1 kWh/day)

80 gal: 69% savings
(5.2 kWh/day)

Pre and Post-retofit Hot Water Energy Use
60 Gallon Retrofit HPWH

kwWh/day
w s




New Tech: Variable Speed Pool Pump

Site #7: 18.7 kWh/day pre
1.9 kWh/day after .

Average Time of Day Pool Pump Demand.
Site #7: Pre & Post Variable Speed Pool Pump Replacement

. . | ——®~-- Standard Pool Pump: 18.7 kWh/Day
replacement. 90% SQVIiNGS 21— v— vaiiesoetmy 1ok
2000 - 5-0-0-0.0-9-2
. - / \
Huge demand reduction ™ y )
o 1600 ! \
= ) 1 |
1.8 kW @ 5 PM! 5 | |
9 100 { j ‘\
g ) \
=T s g 1000'. If I]
< 4w ! \
] 0 \
600 - i ‘I.
400 ‘,’ \
Lty 2 s ko A e A N
0-_{}{}4>{}4}40-U:¥ ----------- $-09-9

0o 2 4 6 & 10 12 14 16 18 20 2 24

Hour of Day



Evaluating New Technology: Energy
Star Clothes Dryer

Samsung Clothes Dryer Model : DV457

Key Features $1,499 Onyx / $1,399 White
REy reatures

* 7.5 cubic feet capacity *Steam Dry

* 8" Full Touch LCD * Quietest VRT Plus™

» Smart-Grid (DR) Ready » Smart Vent Sensing(Dryer)
* Smart Control * New Dryer technology

* Smart Care saves up to 36% in energy!

Available April/May 2013!

Competitive Advantages

* Industry’s Largest LCD

* Industry’s first “Smart Control”
* Industry’s first “WiFi Capable”

+ The Industry’s first efficient vented dryer!

ENERGY STAR 2013



23% Energy Drop in Heaviest Use Site
(good load shape reduction potential)

Electric Power (kW)

=
[

o
=
n

=
=

0.05 4

Dryer Power, Demand Profile

All Houses

Avg kWh/Day (running weekly avg)

—_ - A
o - N W
L L

o

= N W R G o ~ o O
L L L A L A L A

Average 6 month savings
in eight sites: 18% (0.6 kWh/Day

Impact of EnergyStar Clothes Dryer
Site 19: Heaviest Dryer User in Study

—@—- Avg. Dryer kWhiday (weekly avg)
11— — - Replacement with Samsung EStar Dryer @
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NEST Thermostat Can Save

NEST achieves higher
average temperature

] |
{ —®— Outdoor daily avg. temperature |
1 —¥— Indoor temperature (by thermostat) :

 Nine NEST retrofits
In project

* 19% savings in one

Temperature (°F)

* Obtaining load ]l &
shape & humidity S s e |

140 160 180 200 220 240 260 280 300

I m pa CtS Julian Date: May - October, 2013




NEST Saves: But not Always ...

Occupants choose
Lower temperature

Site 7: homeowners ) |

prefer low temperatures .} i

Set NEST lower to _ |
compensate for its I i

attempts to elevate g~ ” Pl

setting e e B RS v%ﬁvv )
Defeated “ auto-away” . A
feature 0] T3 Mo e

Negative savings e e & 2

Julian Date: August - October, 2013



Site 19 average air conditioning vs.
outdoor temperature May - Oct, 2013

100 -
] [ ] Pre: AC kWh/D
o0 v Post; AC kWD e e
(R S k\Wh= 809.8 -23 6(Tamb) +0.178(Tamb") L
80 R’=0.71 . 5
| — — —  KkWh=191.6-6.97(Tamb)+0.062(Tamb’) & ','. s
70 1 R=0.74 o o e
o e 2% e . ®
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PDR Cooling Energy Savings Analysis
Deeps (May — October, 2013)

Thermostat (°F) Temperature-Related
. Pre Post Savings Pergent HVAC Learnin
Site KWh Wh Wh Savings Saved Pre- Post- Savings Thermosfa .
(%) (%) Retrofit Retrofit (%) .
Savings
7 38.3 33.8 4.5 12% 18% 72.10 71.10 -6% -6%
8 35.4 14.7 20.7 58% 54% 77.90 78.50 4% 4%
10 57.7 25.9 31.8 55% 63% 77.80 73.80 -13% *
19 61.0 30.8 30.2 50% 47% 75.10 75.40 3% 3%
26 41.2 21.8 19.4 47% 48% 75.10 73.60 -1% -1%
30 19.3 16.5 2.8 15% 23% 77.80 76.90 -8% -8%
37 40.0 33.6 6.4 16% 28% 78.30 75.80 -12% ok
39 23.2 15.0 8.2 35% 31% 78.30 79.10 4% 4%
40 32.4 20.6 11.8 36% 35% 75.40 75.70 1% 1%
51 39.7 21.5 18.2 46% 48% 80.50 79.20 -2% 2%
Avg. 38.8 23.4 15.4 37.0 39.5 76.80 75.90 -1.9% -0.6%




Early Analysis of Deep Retrofit Savings

Six retrofits projects
Compared pre & post

Deep Retrofit (n=6) : Oct 2012 - Jan 2013 / Oct. 2013 - Jan 2014
50

— Pre: Oct 2012-Jan 2013 \ =
45 4 [/ DHW
— Post: Oct 2013- Jan 2014 | - e = oner
34% savings " 7o ' —Jl=y
] \ emg.
. . . ~ 35_: \ = Pool
Final savings likely ~40% 5 \ —
— Period does not include » *3 I i
energy intensive 2 2]
summer 2 ]
20 -
— Weather was more § 10.2
harsh in post period B3
(bOth HDD and CDD) 354 2.6 3.0
— Not all retrofits .
complete over entire ;
post period 0
Month Oct2012-Jan2013 Oct2013-Jan2014
HDD: 259, CDD: 585 HDD: 350, CDD: 664

Month: 2012 - 2014



Preliminary Cost Analysis

Shallow Retrofits

Costs average: $S370/site
Hard costs $250

Saves: 1,310-1,530 kWh/yr (515/mon)

Rate of Return: ~50%, 2 yr payback

Disadvantage: invisible to consumer
(swamped by seasonality)

Deep(er) Retrofits

Outright cost average: $14.5K/site

Incremental cost: $7.2K
— Replace at burnout

Savings: ~ 7600 kWh/yr (S80/mon)
Highly visible to consumer

Rate of Return: ROR/SPB:
— Outright: ~6%, 16 yr payback
— Incremental: ~13%, 8 yr payback

Takeaway: advantage of retrofit to

coincide w/ major equipment &

appliance replacement

Avg. KW for Lighting & plugs

0.6 1

0.5 4

0.4 ]

0.3 4

0.2 4

0.1

Measured Lighting, Fans and Plug Loads
January 1 - July 10, 2013:
Average Measured kW in 56 Study Homes
During Shallow Retrofits

Other: Mar 1-7: 7.4 k\Wh/day
Jun 26- Jul 2: 6.5 kWh/day

S DM i, s S -, L W L M —

i
: Lighting Retrofits Installed
|
|

0O 10 20 30 40 50 60 70 80 S0 100110120130140150160170 180190
Julian Date: January 1 - July 10, 2013



Phased Deep Retrofit: Conclusions

Shallow retrofits: 9% avg. measured savings
& durable
Deep retrofits: ~35-40% reduction
— Range: 24-55%
Shallows: highly cost effective
Deeps: cost effective w/incremental costs

Tech. w/ Hi Demand Reduction Potential
— Variable-speed pool pumps
— Two speed advanced AC systems

* Excellent performance, but install critical (crew
experience)

— Heat pump water heaters with dependable
large load reductions; collecting winter data
in Phase |l

NEST thermostats: some surprises; may not
always produce savings for customers
desiring low temps




Phased Deep Retrofit: Potential

Demonstrates shallow retrofit programs | w| —° copeciie™ |
effective: small, very cost effective savingss ° Dg o s o
Effective engaging homeowner for larger £ »| “ y B0l
improvements; gathering data MR Al i-’a'li"f |
Deep retrofit demonstrated hi-savings |2 <4811 ¢ 3 1% sl
levels: 35-40% or greater g .18 '*‘
Highly effective & reliable technologies it i i A i T —
— Large peak demand reductions W ol e un e Mo e
_ ||an Date: May - October, 2013

— Noticeable reductions to utility bills
Influential results to FL's largest utility

Model for scale-up of effective staged
utility programs in Florida and elsewhere

Persuasive business model for retrofit
services linked to HVAC /water heater
replacement

LE

Pl e
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