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Department of Energy

Bonneville Power Administration
PO. Box 3621
Portland, Oregon 97208-3621

ENTEYR

Inreply refer to; RPEB

Mr. Michael Warwick

Battelle, Pacific Northwest Laboratories
500 NE. Multnomah, Suite 650

Portland, OR 97232

Dear Mike:

Energy efficient showerheads result in water heating savings. However, the
amount of savings obtained with the latest technologies is uncertain.

The Bonneville Power Administration (BPA) is in the process of developing an
Efficient Showerhead Program. This program will promote the installation of
energy efficient showerheads throughout the region. 10U's and public
utilities throughout the region are also sponsoring programs.

Under normal circumstances, to determine the amount of savings a program |ike
this would generate, BPA would perform an impact evaluation using pre/post
billing history analysis on weather normalized billing histories and utilizing
a comparison group.

However, in this program, efficient showerheads will be the only measure
installed. Measuring the buildings' pre-program and post-program energy use
would, in all probability, not reflect a change in energy use that couid be
easily attributed to the program, especially in electrically heated homes.

Our proposal is to install, free, efficient showerheads in 120 End-Use Load
and Consumer Assessment Project (ELCAP) homes. We will also offer to pay the
owner/tenant a $40.00 bounty for their old showerheads.

We propose to market directly to all residences with adequate historical water
heating data that have not expressed concerns about being contacted. We
expect about half of the contacted households to accept the offer.

There are several advantages to using ELCAP buildings. The buildings already
have their water heater use sub-metered and they are participating in a
research program. It will save us at least 1 year. Any "contamination" to
the ELCAP buildings will be easily measurable, as we know specifical ly what
was done. The installers could also provide a handie on what the current
equipment is.




Please find enclosed a proposal for conducting the showerhead research. We
would like you to submit an estimate for performing this task.

Sincerely,

A A

Curtis Hickman
Public Utilities Specialist

Enclosure
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* peeruzsor. - US. DEPAR%'MENT OF ENERGY — BONNEVILLE POWER ADMINISTRATION

191-89)

{Previously BPA 1100)

pare  : HAY 29 1991 , ' | | .‘ Memorandum

FROM : Ken Keating
Chief, Program ‘Evaluation Sectlon - RPEB -

suicT:  Values for Deemed Savings in the Residential Sector

10 : L. Marsh - LCB D. Anderson - PMCE R. Freeman - RMB
M. Newsham - RMRC L. Lee - RMRD R. Reinhart - RMRD
J. Holmstrom - RPE P. Brandis - RPEB B. Cody - RPEB.
S. Riewer - RPEB J. Cade - RPED Y. Coleman - RPED
H. Herman - RPED R. A. James - RPED . P. Norman - RPP
M. " J. Clune - RPPC - B. Hickey - TBB

Ebberts - RPPB

In response to some inconsistencies between values published for Competitive -
Acquisition and those being.prepared for contract offerings under Billing
Credits, Ruth Bennett and | (acting for John Holmstrom) agreed to ask the RPE
and RMR staff to work together to come. up with consistent annual sav:ngs and
measure lives for several technologies that are likely to be "deemed," i.e.
accepted for -payment purposes as the amount of savings being achleved simply
on the basis of the physical presence of the measure.

.The attached annual savings estlmates should be used consxstently in both
Billing Credits and Competitive Acquisition programs. The documentation of
the assumptions used and the sources. considered is attached for your reference
if you receive, or have, questions about the numbers. This will entail
reworking some alternative costs for Billing Credits. Please be sure that
everyone you know,.who has a'need to know these numbers, has received a copy
of these attachments

Attachments (2)
KKeating:csd:5857:5/28/91 (VS5-RPE-3329b/1)

cc: : . ) )
R. Bennett - RMR D. Byers - RMRC F. Pratt - RMRC
C. Hickman - RPEB A. Vinnard - RPED R. Gillman - RPEE

M. Taylor - RPEE official File - RPE (RP-25)
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VIII. VERIFICATION OF SAVINGS

Vill.1. Q. Please provide the deemed savings in k¥h per measure of ,
residential water heating and lighting savings and the expected
life of the measure (we recognize that life expectancy is not
deemed) . .

Please provide the deemed savings in annual k¥h and the
expected 1ife for the following:

Water heater wrap

Showerhead(s)

Pipe wrap (per foot or otherwise) :

Faucet aerators (also maximum number expected per house)
Compact fluorescent bulb (for this, please provide average
annual expected hours use per bulb, the wattage
differential and the expected bulb life)

o Lo T

What other measures in residential program$ are eligible for
"deeming?"

A. The deemed savings in annual kWh and the expected 1ife for following

are:
Annual kKh ' Life (years)
Water heater wrap - 200 6
(existing) -
Showerheads (2.5 gpm 400 per house if 12
or less at 65 psi) all SH are replaced
Pipe wrap _ 70 kih (if 1st 10
5 ft of the hot &
cold pipes from the
water heater are
wrapped)
Faucet aerators None ) -—
Compact Fluorescent 40 kWh/yr/bulb 7
. assuming 1000 hrs/yr
operation and with an
18 watt compact
replacing an average
wattage of 70
Energy Efficient 250 kih (Energy 12
Water Heater factor of .95)

Deeming is acceptable only if follow-up spot checks are planned.
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WATER HEATER WRAP (EXISTING)

- Savings can be deemed only for pre-1993 (existing) water
heaters, because Cal Ek tested three water heaters with

- .94 efficiency factor (EF), .95 EF and .97 EF both before
and after being wrapped with R-11 insulation. The savings
were negligible, so are not included in either the supply
curve or the competitive bidding contract (Cal Ek's
laboratory report dated May 1, 1991).

The water heater wrap savings for existing water heaters
are 200 kWh per year. This estimate assumes a 52 gallon
electric water heater {the common size in the Northwest,
WSEQO studies), 17% space heating interaction for 48% of
the water heaters which are contained in a heated area of
the house {1990 Draft Conservation Supply Curve ,
Document and PNWRESS83, respectively). In addition, the
Central Hudson's Easy $avers program evaluation had
water heater wraps' savings ranging from 193 kWh/yr to
231. Using 230 kWh/yr savings to determine the savings
per house given the Northwest market, the data resulted in
0.52(230kWh/yr) + 0.48(230+0.83 space heating

interaction excluded) = 211 kWh/yr. These savings were
rounded down to A200 kWh/yr to be conservative.

Note: this deemed savings estimate is also the number the
the Council uses, which Margie Gardner based on a Seattle
City Light study. ' ’

The expected life for the R-11 wrap is 6 years. This
estimate is based on wraps being placed on existing water.
heaters which already have some of their expected life
elapsed. Since it is unknown.how old the water heater to
be wrapped is and the expected life of water heaters is 12
years, 6 years--half the water heater life--seemed
reasonable, based on the Central Hudson evaluation's
findings that about half of the water heaters in the
program were older than five years.
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- SHOWERHEADS

To deem savings, the showerheads are required to be 2.5
gallons per minute (gpm) or less at 65 pounds per square
inch (psi).. In addition, all showerheads.in the home are
required to be replaced, in order to receive the 400 kWh/yr
deemed savings. This last requirement avoids
showerheads being placed in'the bathroom rarely used,
which can result in no savings being acquired.

The 400 kWh/yr savings is based on the following:

The length of a shower used is 6.5 minutes. This number
is based on two evaluations, (1) the Evaluation of the
Easy $avers Program, March 1990, by Techplan
Associates, Inc. for the Central Hudson Gas and Electric
Corporation, Poughkeepsie, New York. and (2) Residential

Hot Water: A Behaviorally-Driven System, July 15, 1984,
by Willett Kempton of Michigan State University.

1.0 gpm savings for replacing existing households’
showerheads. The newer the showerhead, the lower the
flow rate--8.0 gpm maximum in the 1983 HUD study down
to less than 3.0 gpm in ODOE's August 1989 draft. In
addition, the July 1990 issue of Consumer Reports found
people to use a lower flow rate than the maximum flow
rate of the showerhead. Based on the data from these
sources, 1.0 gpm savings was used for replacing existing
households® showerheads. - -

The HUD study found the households in the sample with
showerheads that had flow rates of greater than 3.0 gpm
to use 103°F water (PG & E's FAX to Yvonne Coleman,
p. 4). Since no known studies have metered the set point
for water heaters, the 50 % cold and 50 % hot water mix
used to take a shower in the analysis is a guesstimate.

0.77 showers per person per day is used in the analysis.
This number is based on the Central Hudson survey data.
Table 1lI-8 of the Hudson evaluation showed the number
and length of showers--baths were not included--by family

composition types.
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2.3 persons'per household represents family size in the
outyears of the load forecast (May 16, 1991, Ottie
Nabors).

’
P

80°F is the temperature difference used from the water heater’ ..~
temperature to the inlet water temperature

The calculations below are based on the previous data.

(6.5 mins)(1 gpm savings)(0.5 hot H20 use)(0.77 showers/person day)x

" (365 days/year)(2.3 person/house) 8.25 Btu/ °F gal)x

(80°

F)1kWh/3413 Btu)\= 406 kWhlyear

P .

For calculation ease; the existingr showerhead savings‘”\}ve‘re rounded
down to 400 kWh/yr for the program. ‘

PIPE WRAP

The deemed savings for wrapping the first 5 feet of the
hot and cold water pipes from the water heater are 70
kWh. These savings are based on Jon Biemer and Cal
Ek's analyses cited on p. 5 of the CON-238, Hood River
report. Previous studies have used a 10 year measure
life and no other data have shown otherwise, so 10
years is the expected life. '

- FAUCET AERATORS

No savings will be deemed for faucet aerators. In the
Central Hudson evaluation the savings for faucet
aerators ranged from 36 to 46 kWh/yr. Given the
range, we selected 40 kWh/yr. However, these-
savings needed to be reduced to incorporate
inappropriately placed faucet aerators.

T — T e Y Yy Ay~



Page 4

Savings can be acquired only where the amount of
water used is significant, such as in a main bathroom or
in the kitchen, and where the amount of water needed is
inconsequential. For instance, if you are using the
faucet to fill a tea kettle, the flow rate of the faucet will
only determine how long you wait for the tea kettle to
fill. You' still will use the same amount of water; thus,
no savings. However, if you are using the water to
rinse dishes, then you can save kilowatts by using less
water, since you can use less water to complete this- .-
task.

When the 40 kWh/yr savings from faucet aerators are
reduced by inappropriate placement of aerators and the
overall persistence of aerators remaining installed, the
savings per house are negligible. Only 50% of the
houses still wash dishes by hand (1990 Draft
Conservation Supply Curve Document). Since-most
houses have 4 faucets--the utility sink, the kitchen and
two bathrooms--and two accrue savings in 50% of the
homes and only 1‘accrues savings in the other 50% of
the homes, the savings need to be reduced by 62 %,
i.e., (1-[{0.50+2/4) +(0.50%1/4)] = 0.62). Just
reducing the savings by inappropriately placed aerators,
changes the savings from 40 kWh/yr to 15. After
including the persistency rate of 88.5 % (do-it-yourself
installation in the Central Hudson program), we decided
the savings.would be negligible.

COMPACT FLUORESCENTS

Burn time will be 1000 hours per year or about 2.75 hours
per-day. This takes into account the expectation of
multiple applications involving higher and lower use (PP &
L report on reported hours of use).

The expected displaced wattage in the average installation
is 52 watts. This is based on a mix of existing bulbs,
mainly in the 60-75 watt range, being replaced with an 18
watt compact fluorescent. We chose the average wattage
to be 70 watts both to be a little liberal {(given the Central

Maine Power study,
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p. 44, indicating that 60 watt bulbs were 50% more )
frequently replaced than 75 watt bulbs) and to reflect the -
judgment that lower wattage bulbs are more frequently
found in multiple bulb fixtures, which are less capable of
accommodating the compact fluorescents.

There is an assumption that 50% of the bulbs will go into
the 50% of the regional homes with electric space heat,
where electric heating energy will have to make up for the
reduced internal gains due to the lighting retrofit. This
interaction was calculated at 47% (Cost-Effectiveness of
Compact Fluorescent Lighting Retrofits for Residential )
Consumers in the Pacific Northwest, WSEO) on an annual
basis. Therefore, the annual savings are 52 kWh =(1-

[0.47+.5]) = 39.8 kWh/bulb." Therefore, we will use 40
kWh/bulb.

The life of the measure is estimated at 10,000 hours,

but this represents the median measure life, not the
average which carn be expected to be less, and the life
of the bulb is greatly reduced by the number of times it
is turned on. Switching is likely to be relatively frequent
in residential settings, and there may be.some bulbs
placed in inappropriate operating temperatures, thus,
further reducing the measure life. We believe that-

- 7,000 hours or 7 years of 1,000 hours/year operation is

.a reasonable basis for deeming if the bulbs are actually

installed and stay installed.

ENERGY EFFICIENT WATER HEATERS

250 kWh/year savings is to be deemed for water
heaters. This estimate assumes a 52 gallon- electric
water heater (the common size in the Northwest, WSEO
studies), 17% space heating interaction for 48% of the
water heaters which are contained in a heated area of

the house (1 990 Draft Conservation Supply Curve
Document and PNWRESS83, respectxvgaly) .




The deemed savings are less than the savings from the
national standard to the program level, i.e., 0.88 EF to
0.95 EF, because even without the program, consumers
would purchase water heaters above the 0.88 EF. So,
based on evaluations of other programs (e.g., New
England Electric) and WSEQ's findings of water heaters
available in the 1-5 corridor where water heater programs
are present, an average of 0.91 EF is used.instead of
0.88 EF as the base. ~

The deemed savings are calculated below.

Fifty-four percent of electric water heaters are located in
electrically space heated homes. About half of these
electric water heaters are located in heated and half in
unheated spaces, and 46% are located in fossil fuel
heated homes (so there would be no electric space
heating interactions). The calculations follow:

.54((.52%*290kWh) +(.48%¥290*.83)) + 46(290) = 277
kWh/yr ‘ .

The kWh/yr use per single family, multifamily and
manufactured housing for both public and private range
from 2,800 to 4,300 kWh/yr. To adjust for this range, .
the housing stock was weighted according to the load
forecast. This weighting is a proxy for displacing water -
heating measures' interactions amongst themselves if
more than one measure is instalied in a household. With
this 10% adjustment, the deemed savings for new
efficient water heaters are 250 kWh/yr.

12 years expected life was used for the program since
this is the measure life used in the load forecast and
supply curves.
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Appendix B Overview of Research Projects

This evaluation uses results from several Bonneville Power Administration (Bonneville)-sponsored
studies in contrast to previous evaluations, which tended to be self-contained. This research was
conducted sequentially, guided by questions that arose during program design and implementation and
based on the results of previous research. The evaluation drew on the following Bonneville-supported
studies:

e the Puget Persistence Study (Bailey and Warwick 1993)

e the Residential End-Use Metering Project (REMP) field study (Warwick and Bailey 1993)
e REMP energy savings analysis study (Warwick 1993)

¢ Puget water-metering study (SBW Consulting, Inc. 1994).

The report and appendices refer to these studies by these names, although the REMP energy saving
analysis is often included in the context of the reference to the REMP field study.

In addition, this evaluation benefited from similar research and program evaluations conducted by
others and from supplementary research undertaken by the Pacific Northwest Laboratory (PNL). The
major studies are described in sections B.1 through B.4.

B.1 Puget Persistence Study

Section B.1.1 describes the Puget persistence study. Participants were selected from a sample
drawn from over 26 cities, as discussed in section B.1.2. Data management and quality control are
discussed in section B.1.3.

B.1.1 Overview of the Puget Persistence Study

Puget Power and Bonneville collaborated on a study of the persistence of energy-efficient
showerheads distributed to Puget Power customers as part of Puget Power’s energy-efficient
showerhead program. This persistence study included a field study that was performed by PNL in the
spring of 1992. In this study, program persistence is defined as finding at least one installed Puget
Power showerhead in a home whereas measure persistence refers to the total number of energy-
efficient showerheads in a home visited during the site visits.

Bonneville’s three main objectives for the PNL field study were 1) to see if the showerheads
remained in operation, 2) to compare the number of showerheads that were actually installed with the
number reported in an earlier telephone survey conducted by Puget Power, and 3) to measure water

B.2




® persistence rate

* customer satisfaction with showerhead performance

reliability of the telephone survey responses to questions about program persistence
® customer satisfaction with Puget Power’s showerhead program.
B.1.2 Sample Design and Selection

Puget Power began distributing energy-efficient showerheads to households in its service area in
July of 1990. Initially a pilot program that began in the last 6 months of 1990, it became a full-scale
program in 1991. In early 1992, Puget Power conducted a telephone survey of 402 randomly selected
homes that participated in the pilot program in 1990. The purpose of this survey was to determine how
many energy-efficient showerheads had actually been installed and how many were still in use, as well
as to answer several other questions about the showerhead program.

From March to June of 1992, PNL conducted a field study to visit a sample of 100 of the homes in
Puget Power’s showerhead program to verify that the showerheads were installed and still in use. The
100 homes visited were a subset of 402 respondents to the Puget Power telephone survey. Only
telephone survey responses for these 100 households, not the full 402 telephone survey respondents,
were used in this study.

The sample was drawn from over 26 cities, with the sample distribution as shown in Table B.1.
The 101-home sample contained 43 one-shower homes, 52 two-shower homes, 5 three-shower homes,
and 1 four-shower home, for a total of 166 showers. However, two were not used as showers, they
were used for storage only and were not accessible to the field technician.
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Table B.1 Sample Distribution by City

City Number of Homes 1

Auburn 13
Bellevue 2
Bellingham 11
Bow 4
Kent 10
Kirkland 2
LaConner 2
Mt. Vernon 7
Oak Harbor 7
Olympia 6
Port Orchard 6

l Puyallup 2
Renton 5
Rochester 2 {
Seattle 3 |
Sedro Wooley 5 "
Sumner 5 "
One home each: Algona, Bainbridge Island, Bremerton,
Coupeville, Federal Way, Pacific, Port Ludlow,
Suquamish, and Vashon.

The sample distribution was selected to reflect geographic variety among water suppliers; however,
the specific cities and sites were also selected to reduce travel time and costs. As a result, the findings
described in this report are not expected to be statistically representative of Puget Power’s customers or
program participants and should not be directly applied to Puget Power’s showerhead program.
Instead, the findings are relevant to the accuracy and reliability of telephone survey data and add to the
body of knowledge regarding the measurement of conservation persistence and the conservation poten-

tial of energy-efficient showerheads.
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B.1.3 Data Management and Quality Control

Data for this study came from the following sources:
¢ Puget Power program records and other documents
¢ PNL observations in the field
¢ Participant responses to surveys.

Puget Power’s program records were designed for use in administering its programs, not
necessarily for research purposes. Puget Power had operated at least two programs that distributed
efficient showerheads by the time of this field study. Unfortunately, Puget Power’s records were not
adequate to distinguish which showerhead program may have been used to install specific showerheads
at participant sites. Consequently, there was some uncertainty about the number of Puget Power-
provided showerheads installed at study sites, because the same models of showerheads could be
purchased by consumers locally. .

The following characteristics information was gathered by PNL, either by direct questioning of
customers or by measurements and observations completed by the field technician.

¢ brand name of each showerhead in the home, where available
¢ an estimate of how long the showerhead had been in place

¢ location of the bathroom

¢ shower activation methods

¢ use of full force when showering

¢ flow rate through showerhead

¢ water-heater brand, model, size, age, fuel source, location

e conditioned or unconditioned location of water heater

¢ additional insulation present around water heater

¢ hot-water temperature at showerhead

® hot-water temperature at tap nearest the water heater and location of tap
® water pressure

e water source (well or city)

B.S



e tub diverter effectiveness
e comments,

The location of each shower, the source of each showerhead, and showerhead installation dates
were determined during the site visits. These questions did not constitute a survey and no survey script
was used.

B.2 REMP Field Study and Energy Savings Analysis

Section B.2.1 describes the REMP field study. Energy-use data from field study sites were used
for the REMP energy savings analysis. Sample design and selection of participants is described in
section B.2.2, and section B.2.3 discusses data management.

B.2.1 Overview of the REMP Field Study

In 1983, Bonneville conducted a regional residential survey of over 4,000 residences in the
Northwest called the Pacific Northwest Residential Energy Consumption Survey (PNWRES). A
sample of these residences was recruited for inclusion in the End-Use Load and Conservation
Assessment Project (ELCAP), a multi-year study Bonneville initiated in 1985. Under ELCAP, energy-
use monitoring equipment was installed to meter a variety of electrical circuits individually in over 400
selected residential buildings. ELCAP’s successor is REMP, which continues data collection from a
subset of the original ELCARP sites.

Bonneville initiated the Energy-Efficient Showerhead Field Data Collection Project in August
1991. The goal of the project was to collect site-specific field data regarding the installation of energy-
efficient showerheads. The REMP sites were used for this study because they were already being
monitored and a hot-water energy-use history was already available to establish a pre-existing baseline.
Each REMP site is equipped with a data logger that records energy use, individually, for all major
appliance circuits, including space and water heating. Data is recorded hourly and archived on a daily
basis. Several years of data are available for each site. The availability of electric water-heater
energy-use data for the pre-retrofit period meant that retrofit savings data could be collected as soon as
showerheads were installed. Consequently, the study was able to proceed without having to collect
pre-retrofit period data at significant savings in both time and money.

PNL implemented the field data-collection effort to collect information about site and occupant
characteristics that may affect participation in energy-efficient showerhead programs and performance
of energy-efficient showerheads in use. The following procedures were used to recruit sites and install
the energy-efficient showerheads: customers were solicited to participate, arrangements were made to
install showerheads, and payments were made after installation.

B.6




In the course of the field study, data was collected on the following:
¢ installation of showerheads
e site and occupant characteristics
. post-in;tallation retention and satisfaction.

As a result, PNL was able to identify program-implementation barriers, installation problems and
measure penetration rates.

B.2.2 Sample Design and Selection

The focus of the showerhead field study was single-family homes with at least one electric water
heater. A total of 154 single-family homes were still participating in the REMP metering study at the
time of the showerhead retrofit program. Of these 154 sites, 150 were eligible for the showerhead
installation field study. (Some were ineligible because they had gas water heaters.) Although the field
study sites are not directly representative of the region, they were drawn from PNWRES in a way that
permits extrapolations to the region using engineering data from the study sites and socioeconomic data
from the census, surveys, or forecasts.

PNL attempted to recruit each of these homes to participate in the field study by promising to
replace current showerheads at no charge, return original showerheads upon request, repair minor
plumbing problems, and pay each participant forty dollars in cash. Participating homes were subjected
to a field inspection and multiple surveys. The disposition of the original REMP sample is shown in
Table B.2.
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Table B.2 REMP Field Study Participation History

REMP showerhead study original 150 | Four of the 154 REMP sites were not
sample eligible for program participation because
they were manufactured homes or were
known to have a gas water heater.®

REMP showerhead sites recruited 111 Initially, 111 of the 150 sites agreed to
participate.

-6 Six of the 111 sites were dropped from the
study before the site visits - either the
owners changed their minds or we learned
the home had a gas water heater.

REMP initial retrofit participants | 105 | PNL visited 105 sites. I

(homes visited)

-7 At 7 sites the owners changed their minds
about participating, or we decided not to
install a new showerhead because we found
nonstandard plumbing or a gas water
heater.®

REMP final participants 98®) | New showerheads were actually installed in

98 sites.

-7 Three had missing data and 4 had gas water
heaters. @

REMP potential-savings sites 91() Ninety sites had complete sets of data.

REMP energy-savings sites 85(@) Eighty-five sites had energy use data that

was complete after appropriate outlier sites
were removed.

(@) The original ELCAP study included a case study of homes with gas space and water
heating. These were excluded from the showerhead field study. However, some of the
eligible sites had multiple water heaters, including both gas and electric models. In
addition, some of the electric water heaters in the original sample may have been
converted to gas.

(b) Participation, penetration, and persistence calculations are based on the 98-site sample.

(c) All flow-rate calculations are based on the sample size of 91.

(d) All energy-savings calculations are based on an 85-site sample, unless noted.

Water-heater energy-use data was monitored from all sites, participant and nonparticipant, for one
year after the participant sites were retrofit with showerheads. This data was used to estimate energy
savings from the showerhead retrofits by comparing energy use for the year after the retrofit to energy
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use in the previous year. Data from the nonparticipant sites was also analyzed to compare changes in
hot-water energy use at these sites to the savings estimated for the participant sites.

B.2.3 Data Management and Quality Control

ELCAP/REMP data is collected from sensors (potential and current transformers, or PTs and CTs)
on the circuit wiring between the circuit breaker box and the end-use load(s). A single CT is required
for each phase of a circuit. Typically, residential buildings have two separate 120-volt power circuits
into the main breaker box. Each of these is a different "phase” so that both phases can be used
together to provide a total of 240 volts of power to energy-intensive end uses. Household voltage is
monitored by a PT placed on each phase of the incoming power circuit. These individual
measurements are called "channel-level” data in ELCAP/REMP. Energy use, in watts, is derived by
multiplying the individual current measurements by the voltage for that circuit. This is done in the data
logger, and the result is "end-use” data. End uses.that require 240 volts are measured by adding
together the separate channel-level data. Electric hot-water heaters are a 240-volt end use. These data
are stored locally and retrieved via by PNL telephone lines routinely, generally daily. The channel
data is also retained.

The incoming data stream is subjected to a variety of "data-quality” flags. Data-quality flags are
set as part of the data-retrieval process. For example, a "no data" flag could indicate tampering with
or failure of a sensor, which would need remedial action. However, there is a lag before the data-
management staff review the data-quality flags. As a result, some errors that may have a systematic
cause such as a modem failure, may not be addressed for a few weeks. This could result in missing
data for a month or more. Generally, the flags are not systematically reviewed except as part of an
analysis project. They provide analysts with a quick indication of any problems both with the data and
the logger. They would also provide the analyst with an indication of which data are not valid
observations, but "missing” data.

For the REMP Showerhead energy savings analysis study, standard ELCAP/REMP data quality
checks for the hot water end use included looking at the total site data quality as well as the individual
hot-water end use. Data for specific time periods or sites was only removed from the analysis if there
was a data quality problem specifically associated with the hot-water end use. In some sites, other end
uses may have had data-quality problems (contributing to poor "total” use-data quality) but the hot
water end use was not affected. The two most common reasons for dropping data or sites for data-
quality reasons were for "zero" readings and "sum-check” failures (see below).

Selected data or a whole site would be removed from the analysis if the hot-water end use had low
or no consumption. Zero readings are rare in the ELCAP/REMP study due to minor calibration
errors. These errors show up as a constant, or "offset,” which can be corrected by adjusting the data
by the magnitude of the offset. The REMP energy savings analysis study primarily used two data sets:
hot-water heating and "billing" data. Billing data is constructed by summing together all end uses
except for temperature-sensitive heating and air-conditioning end uses. In terms of data-quality checks,
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the billing analysis data set can be different from the hot-water data set due to dropping different sites
for data quality reasons.

Data was also removed if the “sumcheck™ error was associated with the billing data end uses (all
end uses in the home but space heating). The basis for a sumcheck is that the power into the building
is equal to the sum of the power from each of the circuits (end uses). For example: total = hot water
+ heating 4 range + dryer + washer + lights + other. When this equation is not balanced (within a
specified equipment-limited accuracy range) this indicates a sumcheck or metering error. Data with
sumcheck or metering errors were not included in the analyses.

B.3 REMP Energy Savings Analysis Study

Collection of longitudinal data from time-of-use meters presents unique problems for data analysts.
Time-of-use metering generates a tremendous volume of time series data. This data is subject to a
variety of errors, as discussed in the previous section. Errors are flagged so that observations that may
not meet specific quality standards can be omitted. The sheer number of data points provides sufficient
"degrees of freedom” that some data losses will not significantly affect resulting analyses. Further, the
ELCAP/REMP analysis protocols developed by PNL include methods to "fill" missing data using a
variety of smoothing techniques. Nevertheless, there is always the possibility that the processes used to
exclude data or to fill missing data may introduce unintended errors.

The data series for the REMP energy savings analysis study included data for 12 months prior to
retrofit of efficient showerheads and 12 months after retrofit. When the time lags for retrofit are
included, the monitoring period covered nearly three years. Each data monitoring point and data
logger was subject to numerous events that could corrupt data during this period. The most damaging
errors were those associated with data retrieval or sensor problems that required a site visit to repair.
Typically, these types of errors are clustered during the winter months when cold, wet conditions
impair the operation of rural electric and telephone services and electronic equipment (the data loggers)
located in unheated spaces. Generally, these types of problems resulted in lost data for a month or
more. The first data-quality screening for the REMP data involved looking for whole months’ worth
of useable data. In other words, the data for each site was reviewed to determine if any whole months
of data were missing. Attempts were made to ensure that the months could be matched during the pre
and post periods. For example, the data series included data for January in both periods.

The initial data screening resulted in only 6 months of annual data available for analysis using the
most stringent standards for data quality, namely, no missing data for each month used in the analysis.
Unfortunately, these 6-month periods were in the warmest months of the year, which was expected to
introduce a bias in the results. As a result, the data-quality standards were relaxed to permit filling of
missing data series to increase the number of months of data available for analysis in each of the one-
year periods pre- and post- retrofit. This resulted in two more analytic data sets, one with 11 months
of data for analysis and one with 12. The 11-month data set recovered data by minor data filling and
cleaning. The 12-month data set required significant data filling, filling two or more weeks of missing

B.10




observations. Tests were conducted on all three of the analytic data sets (6, 11, and 12 months) to
determine if the selection of analysis period would affect results. As expected, the 6-month data series
significantly affected results. Measured changes in energy use were much less for the 6 month data set
than for the 11- and 12-month sets, due to the shorter period. Extrapolation of results from the 6-
month data series would require information about the "missing” 6 months, which obviously was not
available unless the data-quality standards were relaxed. Accordingly, the focus shifted to the 11- and
12-month data series. Estimates from each of these data sets were not significantly different. The 11-
month series was a larger sample than the 12-month series (more sites had at least 11 months of data
than had 12, which was expected) thus the 11-month data series and respective sample was used for the
energy use and savings analysis. Results were extrapolated for an entire year.

B.4 Puget Water-Metering Study

Sections B.4.1 and B.4.2 describe the Puget water-flow study and the sample design and customer-
selection process. Section B.3.3 discusses data management.

B.4.1 Overview of the Puget Water-Metering Study

Bonneville’s Appliance Efficiency Program included low-flow faucet aerators as well as efficient
showerheads. Bonneville did not attribute any savings to these measures in its program design because
other evaluations failed to provide concrete evidence that they produced significant savings.
Nevertheless, they were included to have a comprehensive approach to energy and water efficiency.
The REMP field study looked only at efficient showerheads; faucet aerators were not replaced.
Continuing interest in faucet aerator savings potential by Bonneville and utility program staff resulted
in a collaborative study between Bonneville and Puget Power to directly monitor hot water use in
bathroom and kitchen faucets and showerhead water flows.

The Puget water-metering study was designed to directly monitor water flows in the bathrooms and
kitchens in a sample of homes prior to and after water-conservation measures were installed. The
research design also included monitoring the number of minutes the hot-water heater was in use (direct
measurement of energy use and/or time of use metering was considered to be too expensive). The
water-heater run-time measurement was expected to provide a means to verify the REMP energy-
savings estimates.

B.4.2 Sample Design and Selection

Puget Power had been offering water-conserving measures for several years by the time this study
was conducted. A sample of customers who had not yet participated in Puget Power’s water and
energy conservation program were used for the water-flow study. This sample was drawn from utility
records for owner-occupied, single-family homes in Puget Power’s King County service area. The
sample was screened to obtain a variety of household sizes, occupant ages, and structure ages, and to
verify the structure and water heating fuel type. Recruitment of study participants included sending out
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an introductory letter describing the study and follow-up telephone calls to obtain a sample of 95.
Participants were offered a one hundred and fifty-dollar "nuisance” payment as well as professional
installation of efficiency measures. Ultimately, a total of 75 sites were used for the study (the other
sites were rejected for a variety of reasons). The total size of the sample was dictated, in part, by bud-
gets and the limited number of water-flow meters available for the study (300).

B.4.3 Data Management

Bonneville provided Puget Power with Water Tracker and Badger brand water-flow meters, for the
study. These were selected after comparing alternative brands available. All of the water meters
purchased for the study were tested by Bonneville to ensure accuracy. Flow meters were installed on
one water heater (the Badger meters), one showerhead, one kitchen hot-water supply line, and up to -
two bathroom sinks at each site. If a site had more than one water heater or shower, the additional
devices were not monitored. All of the water-flow meters measured water flow on a cumulative
register that required readings at the beginning of the study, after the "pre-retrofit” monitoring period,
after the measure retrofits, and finally, at the end of the study.

Puget Power supplied the motor loggers to measure water-heater run time. These were installed on
the water heater. During installation, the electricity required by the water heater was measured.
Multiplying this one-time measurement by the motor-logger meter reading provided the approximate
amount of energy used by the water heater during the period covered by the run-time metering.

Occupant and structural data were collected during the initial site visit and updated on subsequent -
visits to install measures and retrieve data. A variety of other data were collected during each site visit
including water pressure and cold- and hot-water temperature.

The total monitoring period was approximately 60 days, with roughly 28 days in the pre- and post-
retrofit periods. Cumulative readings from the various data recorders were converted to daily values
by dividing the readings by the number of days in the recording period. Annual estimates were extra-
polated from this data and results adjusted for seasonal and year-to-year variations in weather.

B.5 Other Studies

Several other studies were used for this evaluation. The most important of these is the Bonneville
Showerhead and Aerator Performance Test described in Appendix F. Bonneville and Seattle City Light
also cooperated on a water metering study similar to the Puget water-metering study (Section B.4)
among multi-family units. Initially, it was assumed that multi-family savings potential was lower due to
smaller household size. However, analysis of regional demographic data did not support this
assumption. Then, early shower flow measurements led to assertions that savings may be higher in
multi-family units due to much older and inefficient fixtures. Properly designed water-flow tests failed
to confirm this assertion. Consequently, the evaluation did not distinguish between savings for single-
and multi-family units, and these studies were not used directly in the evaluation.
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Appendix C Puget Power and Light Persistence Study

The results presented in this Appendix are drawn from a field study conducted by the Pacific
Northwest Laboratory (PNL) and sponsored collaboratively by Puget Power Sound Power and Light
(Puget Power) and Bonneville Power Administration (Bonneville). The study is known as the Puget
persistence study (Bailey and Warwick 1993).

C.1 Measure Installation and Participation Results

The study yielded results in terms of participation, penetration, and persistence based on observa-
tions after measure installation. These results can be viewed in terms of program (per household) or
measure (per shower) success. Each perspective provides different results. From a program perspec-
tive, participation is based on the number of eligible households that participated in the Puget Power
program. Puget Power actually distributed showerheads to 97 of the 100 sites PNL visited, for a
participation rate of 97 percent. Program penetration is defined as the fraction of participants that
actually installed a Puget Power showerhead. According to Puget Power’s telephone survey, 86 of the
site-visit households indicated they had installed at least one of the showerheads Puget Power
distributed, for an 89% participation rate. Program persistence is based on the fraction of the
households who installed measures where at least one measure remained in service. Eighty-two of the
97 homes that received showerheads from Puget Power still had them in place during the site visit, for
an 85% persistence rate.

Because energy savings are achieved from the performance of measures rather than households, a
more accurate portrayal of program accomplishments may result from viewing them on a per-measure
basis rather than a per-household basis. The measure participation rate is based on the number of
measures distributed compared to the total number that could be installed. In this study, 166 showers
were identified, but Puget Power only distributed 150 of these showerheads, for an 89% participation
rate. Measure penetration is based on the number of measures distributed compared to the number
installed. Puget Power’s telephone survey indicated that 121 of the 150 showerheads distributed were
installed, for an 81% measure penetration rate. Measure penetration can also be viewed from the
broader perspective of total potential. From this perspective, a total of 166 showerheads could have
been replaced, and 121 actually were replaced, for a 72% penetration or retrofit rate.

C.2 Results

Field study results indicate an 85% program persistence rate. The persistence rate is the fraction of
measures installed remaining in service at a subsequent time. This value is of interest for two reasons.
First, the PNL observations were done after installation, and therefore, we were unable to verify Puget
Power or customer claims of initial installation. Second, one objective of this study was to verify the
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accuracy of telephone responses compared to actual site inspections. The telephone survey yielded a
persistence rate similar to the site visits (80%, corrected for reporting errors). However, this rate
includes the customers who did not receive showerheads (3%), and those who installed the shower-
heads prior to the Puget Power distribution program (7%). If adjustments are made to reflect non-
receipt or prior installation, program persistence is 91%. The total showerhead installation or measure
penetration rate was 89% for this adjusted sample, and the total measure persistence rate was 66%.

In terms of estimating the showerhead installation rate, the telephone survey appears to be correct
approximately 95% of the time. However, the site visits showed several discrepancies in the
information provided by the customers during the telephone survey, which amount to compensating
errors. When these are counted, the precision of the telephone survey drops to approximately 80%.

C.2.1 Water-Flow Results

Flow-rate measurements were taken with a Micro Weir water measuring device, which is reported
to have an accuracy of 0.25 gallons per minute (gpm) (Manclark 1991). The flow measurement was
taken at full force, with a mix of hot and cold water to approximate bathing temperature.

Of the 164 working showerheads found at the sample sites, 106 were determined to be the energy-
efficient heads distributed by Puget Power. The Puget Power energy-efficient showerheads have lower
flow rates than the rest of the sample. The average flow rate for the Puget Power showerheads is
1.8 gpm, with a standard deviation of 0.2, compared to 2.7 gpm (standard deviation of 1.1) for the
non-Puget Power showerheads. Of the energy-efficient showerheads, the lowest average flow rate was
with the Conserve brand (1.4 gpm with a standard deviation of 0.4). Overall, the sample average flow
rate was 2.1 gpm with a standard deviation of 0.8. Table C.1 shows the flow rates by showerhead
brand.
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Table C.1 Average Flow Rate by Showerhead Brand

Brand gpm Standard Deviation
Puget Power Showerheads: Avg. for Puget Power Hds = 1.8 gpm
Standard Deviation = 0.2
Conserve 14 0.4
Ultra 1.9 0.5
Niagara 1.8 0.2
Ondine 1.9 0.4
Other Showerheads: Avg, for All Others = 2.7 gpm
Standard Deviation = 1.1
Teledyne 25 1.0
Unk/Not Spec. 2.7 1.1
Water Pic 3.0 1.0
Alsons 1.0 NA
Crane 4.3 NA
Lasco 1.5 NA
Polinex 2.0 NA
Price Phister 25 NA
Stanadyne 25 NA
Synergy Int. 3.8 NA
Windmere 2.8 NA
Average for all Heads: 2.1 0.8

Showerhead flow rates can be affected by the method used to activate the shower. Leakage past
diverter valves in showers installed in tub/shower combinations was one unknown this study hoped to
address. Shower activation methods were categorized in the following four ways: a single-handled
bath control with a spout diverter, hot and cold (two-handled) bath control with a spout diverter, a
single-handled shower valve, and a two-handled shower valve. Table C.2 shows the distribution of the
sample.
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Table C.2 Shower Activation Methods

Show Activation Method Number Percentage of Sample
Single-Handled Bath w/Diverter 71 43
Two-Handled Bath w/Diverter 36 22
Single-Handled Shower Valve 42 25
Two-Handled Shower Valve 7

Unknown/Not Specified 10

Only one out of the 100 customers indicated any significant leakage problems; study designers had
expected that there would be quite a few leakage problems in the sample. It was also anticipated that
leakage problems might be a reason why occupants would not install the energy-efficient heads, but this
was not reported as the case in the telephone survey.

Another factor expected to affect flow rates was water pressure. Use of domestic wells for water
supplies emerged in this study as a potentially significant predictor of water pressure. Of the 101
customers in the sample, 29% reported that their homes were supplied by a well. One-time water pres-
sure measurements were taken at each home from an outside tap. The average for the full sample was
66.7 pounds per square inch (psi), with a standard deviation of 22.0, a high of 148 psi, and a low of 30
psi. The average water pressure for homes on a well was 49.5 psi, with a standard deviation of 14.7.
The average for city-supplied homes was 72.5 psi, with a standard deviation of 21.1. Low water
pressures may affect (reduce) water-flow rates and therefore, savings rates.

One final factor that was unknown prior to this study was the range of water-heater temperatures
and errors. These errors may be associated with measurements of water-heater temperatures taken at
the shower, which is easy to do, versus at the water heater itself, which is often awkward. One-time
hot-water temperature measurements were taken at the showerhead and at a tap location nearest to the
hot-water heater. (Water withdrawals directly from the water heater are complicated by the lack of
taps on the tank and drains for the water.) The average temperature at the showerhead was 132.2°F,
with a standard deviation of 11.6°F. The average temperature at the tap closest to the hot-water heater
was 132.8°F, with a standard deviation of 11.5°F. In 74 homes, there was no difference between the
two temperatures. The average difference (excluding one 28°F difference home) was 0.4°F with a
standard deviation of 1.2°F. If all of the zero difference homes are excluded, the average difference is
1.5°F, with a standard deviation of 2.0°F.
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C.3 Conclusions

The key conchisions from this study for the evaluation were that measure installation rates, or the
fraction of showerheads retrofit in a home, is a critical variable for estimating household, and thus,
program savings. The Regional End-Use Monitoring Project (REMP) field study (Warwick and Bailey
1993) replaced all possible showerheads due to the use of professional installers charged with "whole-
house” treatment. Puget Power’s professional installers were not charged with whole house treatment
responsibility and did not always replace all showerheads. The Puget Power program also used self-
installation field results, which indicated that self-installation methods only achieve a 50% retrofit rate
when compared to professional installation rates. These results confirmed that the installation method
needed to be included explicitly in the program evaluation.

The Puget persistence study also confirmed earlier REMP results that pre-installation flow rates
were not as high as assumed, and that manufacturers’ flow ratings were not necessarily reliable
indicators of field-monitored flow rates. The study also identified critical limits to the usefulness of
consumer surveys for evaluating measure retrofit rates, showerhead models, and installation dates.
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Appendix D Hot-Water Flow Analyses and Assumptions
| Documentation

D.1 Introduction

This Appendix provides a summary of results from the Puget Sound Power and Light (Puget
Power) water-metering study (SBW Consulting 1994) and compares them to two other studies. The
latter studies, the Regional End-Use Metering Program (REMP) field study and the Puget persistence
study were conducted for Bonneville Power Administration (Bonneville) by Pacific Northwest
Laboratory (PNL) (Warwick 1993; Bailey and Warwick 1993). We refer to these studies in this report
as the Puget water-metering study, the REMP field study, and the Puget persistence study,
respectively. Results from the Puget persistence study are presented in Appendix C, and the REMP
field study results are presented in Appendix E.®

The REMP and both Puget studies measured water pressure and on-site showerhead in Appendix
C, and flow rates. The REMP field study also monitored water-heater energy use and savings. The
Puget water-metering study alone, monitored water use in showers. Although this data includes both
hot- and cold-water use, the relative differences in water use in that study were also used to confirm the
REMP energy savings. Water flow-rate measurements (in contrast to cumulative water-flow
measurements as in the Puget water-metering study) are one-time measurements. The Puget persistence
study and the REMP field study both provided evidence that water flow rates in efficient showerheads
vary, sometimes significantly, from manufacturers’ ratings (Appendix F). Although estimates of
showerhead savings potential can be derived by comparing existing flow-rate measurements with the
flow rates claimed by manufacturers, this estimate will not be reliable. Similarly, estimates based on
pre- and post-retrofit flow rates will be misleading because they will not capture dynamic behavior,
such as longer or hotter showers, which can be inferred from the REMP savings data or changes in
user settings of shower force as observed in the Puget water-metering study.

Savings estimates presented here are based on measurements of water and energy use pre- and post-
retrofit of efficiency measures. Analyses done after the fact are only accurate for a specific sample and
period of time. Nevertheless, reliable extrapolations can be made from these results if the underlying
conditions that produce the results are understood and reflected in subsequent projections. These
conditions include the number of occupants, vacancy rates, cold water temperature, and so on. In
general, these factors have a greater influence on estimates when the monitoring periods are short,
because small variations can lead to big differences in estimates. The REMP study spanned over two

@ PNL was aided in the Puget persistence and REMP studies by the field work of Pacific
Science and Technology. The Puget water-metering study was conducted by SBW
Consulting, Inc. for Puget.
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years; whereas, the Puget water-metering study covered less than three months. Consequently, the
variance in savings estimates is greater for the Puget water-metering study.

The primary focus of the Puget persistence study for Puget Power, was to verify the reliability of
telephone survey responses regarding persistence of water-efficiency measures. However, it also
included a collection of information on water-flow rates and other characteristics that could affect the
performance of efficient showerhead programs.

The primary focus of the Puget water-metering study was to measure specific estimates of water .
and energy savings from faucet aerators on kitchen sinks, bathroom vanities, and from efficient
showerheads. The primary data collected in the Puget water-metering study was water-flow data, both
one-time measurements (flow rates) and cumulative flows (water use). Water-heater "on" time was
also monitored to capture energy-use data. Energy savings estimates were derived from this primary
data as described in Appendix B and Section D.3 below. Water flow measurements were taken from
up to four water-using devices in 75 homes, as well as from the water heater. In addition to the water
heater, each home had a water monitor installed on at least one shower (at the arm) and one kitchen
sink and up to two vanity sinks (on the hot-water supply lines). The water-heater meter measured the
total amount of hot water that was used by the household. The water meters on each of the sink supply
lines measured the amount of hot water used at each of those sinks. Unfortunately, it was not possible
to separately meter the hot water used by the shower, so that meter measures total both hot and cold
mixed water flow through the shower. The fraction of shower water that was drawn from the hot-
water tank was estimated using the temperature settings occupants claimed to have used during showers
to establish a ratio for the mix of hot and cold water (the mixing ratio). Water used by unmetered
devices, obviously, was not measured. The distribution of sinks and showers and of the water meters
in the sample is summarized in Table D.1.

Table D.1 Distribution of Water Meters in the Puget Sample

Total Number Retrofit/ | Number Not ’
Device Devices | Monitored Retrofit/Monitored | Retrofit Rate (%)
Hot water heater 75 75 0 100
Showers 127 86 41 66
Kitchen sinks 75 75 0 100 -
Bathroom sinks 199 83 116 42

D.2 Water-Flow Rate Results

Each of the three studies collected field data on shower flow rates, and household water
temperature, pressure, and source. The samples used in each of the studies were similar in many
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respects, such as the number of showers per home, but differed in others, such as number of persons
per household (Table D.2).

Table D.2 Sample Characteristics

— T TP | et | Waterometering |
Showers/home 1.7 1.7 1.7
Person/home 2.8 34 3.5
% on wells 20 20 24
Well pressure (avg. psi) 39 49.5 44
City Pressure (avg. psi) 66 72.7 67.5

| Average Pressure (avg. psi) 60.5 66.7 _ 62.9

The REMP, and Puget water-metering studies included measurements of water-flow rates before
and after existing showerheads were replaced with energy-efficient models. The Puget persistence
study did not include retrofit of showerheads, since the sample was selected based on prior
participation in a retrofit program. However, not all of the showerheads in each home appeared to
have been replaced prior to the site visit, and flow-rate data was collected on the non-retrofit
showerheads. This data may not be representative of the pre-retrofit flow rates for the showers that
were retrofit; however, it is included in Table D.3.

Table D.3 Existing Shower Flow Rates

Water- Water-
REMP Persistence metering metering
(full force) (user force)

Pre-Flow (avg. gpm) 3.2 2.7 3.0 2.6

Flow-rate measurements for the REMP and Puget persistence studies were taken with a Micro
Weir water measuring device, which is reported to have an accuracy of 0.25 gallons per minute (gpm)
(Manclark 1991). The flow measurement was taken at full force, with a mix of hot and cold water to
approximate bathing temperature. The Puget water-metering study used a Water Tracker in-line flow
meter for a one-minute interval. Two measurements were taken, one at full force and one at the setting
a resident said they normally use.

Efficient showerheads were installed at the sites in each of the studies. The manufactures’
ratings for the retrofit showerheads were known. Actual flow rates were also measured using the same
methods as described above. The weighted average manufacturers’ flow rates and actual flow rates are
presented in Table D.4.
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Table D.4 Field Measurements of Efficient Showerheads
Rated Flow (gpm) Measured Flow (gpm)
REMP 23 1.8
Persistence 2.1 1.8
Water-metering (full force) 2.3 1.9
Water-metering (user force) 23 1.8

The gross changes in flow rates for the three studies are summarized in Table D.5.

Table D.5 Showerhead Flow Rate Changes

Water- Water-
metering metering
REMP Persistence (Full force) | (User force)
Pre-flow (avg. gpm) 32 2.7 3.0 25
Post-flow (avg. gpm) 1.8 1.8 1.9 1.8
Flow Change(avg. gpm) 1.4 9 1.1 g
Percent Change 44% 33% 37% 28%

The samples of Puget Power customers (persistence and water-metering studies) were taken a
few years apart, from participants early and late in the program. It would be natural to assume that the
so-called "innovators" and "laggards" would have different characteristics; however, these are not
obvious in terms of their ability to save water or energy from showerhead retrofits. Innovators do not
appear to have a greater propensity to save water or energy than laggards do, based on the number of
occupants and pre-retrofit flow rates, which are similar.

The relative change in flow rates should be indicative of the magnitude of water and energy
savings. However, the comparison of full force and user flow rates results from water-metering in
Tables D.4 and D.5 provides evidence that consumers attempt to return to the same flow rates as they
had before the efficient showerhead has been installed. This observation is also supported by analyses
of the number of minutes showers were used in Puget water-metering study and a similar study by
Proctor Engineering (1994). Both studies indicated that the length of showers remains constant before
and after retrofit of efficient showerheads.
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D.3 Puget Water-metering Study Savings Results

The Puget water-metering study provides the best data on actual water use available. It is also
the only source for information on the effectiveness of faucet aerators that was available to support
Bonneville’s showerhead program evaluation. Monitored flow rates for the pre- and post-retrofit
periods for all water-efficiency measures are summarized in Tables D.6 and D.7.

Table D.6 Water-Metering Study Daily
Water Use Estimates, Pre-Retrofit

H Standard 1
Avg. Gallons/Day Deviation
Hot water use 61.6 36.23
Shower use (1 shower) 25.1 20.41
Shower use (hot only) 19.3 17.80 "
Kitchen sink use (1 only) 10.4 5.94 "
| Vanity sink use 3.1 291 "

Table D.7 Water-Metering Study Daily
Water Use Estimates, Post-Retrofit

‘ Standard
Avg. Gallons/Day Deviation
Hot-water use 571 32.99
Shower use (1 shower) 18.8 12.18
Shower use (hot only) 14.6 10.94
Kitchen sink use 10.5 582 |
Vanity sink use ~ 3.5 . 2.82 "

The estimated differences in daily water use between the pre- and post-retrofit periods are summarized
in Table D.8.
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Table D.8 Water-metering Study Mean Differences,
Pre- and Post-Retrofit (gallons and percent)

Mean Difference (gallons) Relative Difference (%)
Hot-water use -4.65 -1.55
Shower use (1) -6.33 -24.97
Shower use (hot only) 4.76 -24.64
Kitchen sink use (1) + 0.22 - o +2.12
Vanity sink use ___ + 0.18 +5.75

Relative errors for the initial use estimates range between 11% and 16% at a 90% confidence
level. As a resuit, the gross changes in sink and total hot-water use are not significant.

The Puget water-metering study did not directly measure electricity use. Instead, it used a timer
to monitor the amount of time the water heater was on and multiplied this value by the one-time
measurement of water-heater current and voltage. This assumes current and voltage are constant,
which may not be correct. Nevertheless, estimates of energy use and savings can be derived from both
this run-time data and from gross-water use-changes.

The short monitoring period used to collect this data also requires adjustments to the data to
correct for differences in cold-water temperature. The monitoring period was in the fall, and the cold-
water temperature was warmer during the pre-period than the post. As a result, it took more energy in
the post-period to heat the cold water. Although the Puget water-metering study collected data on
household cold-water temperature during the study, there is no time-series data on household cold-
water temperature for the year or for the region for the Puget water-metering study or Bonneville’s
evaluation. As an alternative, the Puget water-metering study used average temperatures for a
reservoir to provide a benchmark for temperature correction. This data provided an annual average
temperature of 48.7° F, an average temperature during the pre-period of 59.4°, and during the post-
period of 55.1°.

The variety of data available from the different meters permitted four alternative approaches to
savings estimation. Each of these approaches can be used with different assumptions to produce
estimates from a variety of perspectives. The results from the perspective of household-level savings
are presented in Table D.9.
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Table D.9 Alternative Estimates of Household Savings (unadjusted for outliers)

Standard Standard
Mean Deviation Error
Method (kWh/yr.) N (KWh/yr.) (kWh/yr.)
Water-heater energy 380 65 847 105 "
Hot-water use 312 74 871 " 101 "
Sum of savings 299 67 845 103 "
Adjusted sum of savings 391 75 611 71 Jl

The data and methods used to produce these results include:

Water-heater energy. Savings were estimated based on water-heater on-time readings that were
converted into energy use in kilowatt hours (kWh). Savings were estimated by subtracting pre-
and post-retrofit use and normalizing for variations in cold-water temperature.

Hot-water use. Hot-water savings were estimated based on the hot-water heater flow meter
readings. Savings were estimated by subtracting pre- and post-retrofit use, calculating the
electricity needed to raise the temperature in each of the periods from the temperature of cold
water to that of hot water, and normalizing for variations in cold-water temperature.

Sum of Savings.The study monitored water use at each point of use (Table D.1). The sum of
savings approach involved adding up the savings observed at that level over the study period,
calculating the electricity needed to raise the temperature in each of the periods from the
temperature of cold water to that of hot water, and normalizing for variations in cold-water
temperature. This should produce the same result as the hot water use estimate, if all of the
savings are the result of the retrofit measures. However, the shower flow meter recorded both
hot- and cold-water flows, so it was necessary to apportion the change in shower-water use
between hot and cold. This adjustment was imperfect and may have accounted for the resulting
difference in estimates between the hot-water use and sum of savings methods.

Adjusted sum of savings. Savings were not observed at all sites and for all hot water uses;
hence, the smaller sample (n=67) for the sum of savings estimate. Efforts were taken to adjust
the pre-and post-retrofit data using occupant data to correct for differences in occupancy and use
practices to increase the sample for analysis. This involved projecting savings based on pre-
period data using the change in user water-flow settings observed in the pre- and post-periods.
These projected savings were then summed to produce the adjusted sum of savings.

D.8



D.4 Comparison of Puget Water-Metering and REMP Field Study Results

The results from the Puget water-metering study need to be placed in context with the REMP

- savings estimates for purposes of this evaluation. This requires a choice among the four competing
savings estimates and reconciliation of the differences in the research design and field conditions of the
two studies. The characteristics of the two study results are summarized in Table D.10.

Table D.10 Comparison of Puget Water-metering: and REMP Field Studies

REMP PUGET
Household Savings Yes Yes
Individual Measure Savings ) - No Yes
Retrofit Rate Whole House 1 or 2 showerheads only
Retrofit Faucets . No Yes
Retrofit Showerheads Yes Yes
No. of Persons : : 2.8 3.4
Showerhead Flow Rates
(user settings) Not measured Reduced by 1.7 gpm
Showerhead Flow Rates
(full force) Reduced by 1.4 gpm Reduced by 1.1 gpm
Domestic Wells | 20% 24%

The Puget water-metering study estimates range from 299 kWh to 391 kWh, per house,
annually. In order to compare these results to those of the REMP field study it is necessary to select
savings estimates that are most directly comparable to those of the REMP field study. The water-
heater energy savings results include assumptions about current and voltage that the hot-water use
estimates do not. As a result, the hot-water use estimates may be favored because of their simplicity.
However, both estimates are based on changes in total hot-water use and may attribute savings to
changes in hot-water use that are independent of the retrofit measures, (tub baths and clothes and dish
washing). The Puget sum-of-savings estimates are based only on changes in retrofit showerhead and
faucet use, and hence, avoid this source of error. However, showering-water use has to be apportioned
between hot and cold water, introducing a different adjustment.

The Puget water-metering results presented in Table D.9, except for the adjusted sum of savings,
are for the household as a whole. As such, increases that were observed for some measures (e.g.,
aerators) offset savings for others. These estimates should be the most directly comparable to the
REMP energy savings of 515 kWh annually, except they include savings from aerators that were not
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included in the REMP field study. These are estimated to be about 65 kWh annually. If aerator
savings are subtracted from the water-heater energy estimate, the net savings are 326 kWh annually.
The hot-water use (312 kWh) and sum of savings (299 kWh) results are quite close to each other and
similar to the net, or showerhead only, savings from the water-heater energy method. For ease of
comparisond with REMP results, we will assume 325 kWh annual savings from showerhead savings
only for the Puget households.

The REMP field study retrofit 90% of the showerheads with efficient models. The Puget
water-metering study retrofit 67%. Accordingly, it would be reasonable to assume that the savings
achieved would be proportionately (35%) greater with whole-house retrofit. If the Puget water-
metering study resuits are extrapolated to reflect whole-house retrofit, the savings increase to 439 kWh.

The Puget efficient showerheads reduced full-force water flows 1.1 gpm, compared to the 1.4
gpm reduction measured in the REMP field study. Again, it is reasonable to assume savings in the
Puget water-metering study would be increased proportionately if they achieved flow-rate reductions
comparable to the REMP sites. Adjusting for the difference in flow rates increases the Puget
showerhead-only savings from 439 kWh to 558 kWh, which is similar to the 515 kWh savings found in
the REMP study.

The remaining two differences in the studies are the fraction of homes on wells (24% versus
20%) and the number of persons per household (3.4 versus 2.8). For purposes of comparison with the
REMP results, these can be ignored. The slightly greater fraction of wells among the Puget sites
would be expected to decrease savings compared to the REMP sites, however, the somewhat higher
average water pressure for the Puget sample (62.9 pounds per square inch [psi] versus 60.5 psi for the
REMP sample) may offset this effect. Moreover, the use of the Puget pre-flow rate data in this
comparison already includes the effect of differences in local water pressure, so further adjustments
may lead to double counting. :

The higher number of occupants in the Puget sample could be expected to increase hot-water
use. However, there does not appear to be a strong correlation between persons per household and
water-heating savings in either the Puget water-metering or the REMP field study. We are forced to
speculate about the reasons for this in the absence of better data or further research on this topic.
People tend to follow a similar bathing routine, typically before or after returning from work or school.
Mornings are favored (Appendix I). In large households this may result in a peak-load problem, both
in terms of access to a bathroom and available hot-water reserves. The larger the household, the
greater the potential problem. At some point, the limited amount of hot water stored in the water
heater effectively may limit the amount of hot water that can be used, and hence, the amount of water-
heating energy that can be saved.

The hot-water storage capacity limit is determined by how much hot water is used and by how
long it takes for the water heater to heat the cold water that replaces it. A typical 52-gallon electric
water heater can store enough hot water for 3.7 showers of 10 minutes in length at 1.4 gallons of hot
water per minute at a 2.0 gpm rate of flow. This is a typical shower in terms of length and ratio of hot
to cold water. However, as the hot water is withdrawn from the tank, the incoming cold water reduces
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the temperature of the hot water remaining in the tank. To maintain a shower at the same temperature
the proportion of hot water must increase, and this depletes the hot-water supply at an increasing rate.
A typical electric water heater can heat roughly 20 gallons of cold water an hour. As a result, the
number of showers that can be taken in a one-hour period is likely to be far less than the 3.7 that are
theoretically possible. It is likely that two showers could be taken with comfort, but three is probably a
stretch. Consequently, the increase in number of occupants may not affect showering hot-water use or
savings unless bathing hours are spread throughout the day or unless water-heater capacity is larger
than average.

The age composition of the household may also influence savings. Larger households may
include younger children who are not regular shower users. This influence was not examined in the
Puget water-metering study and results from the REMP field study.

D.5 Summary and Conclusions

The Puget water-metering study results provide valuable data on water use and savings potential.
Because of the short study period, some adjustments need to be made to study data to produce annual
estimates of use and savings. The range of the resulting estimates, from 299 kWh annually to 391
kWh annually, reflects different methods and underlying dynamics in the data. After reviewing the
data we selected an estimate of 325 kWh annual savings for efficient showerheads only.

Comparing the Puget water-metering results with savings from the REMP study is complicated
due to differences in the research design and samples. Nevertheless, comparable results are obtained
when reasonable adjustments are made to the Puget water-metering savings to facilitate direct
comparison of estimates from the two studies (558 kWh annual savings for the Puget water-metering
study versus 515 kWh savings for the REMP field study).
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Appendix E Regional End-Use Metering Program

E.1 Introduction

The results presented in this Appendix are drawn from analysis of Bonneville Power
Administration (Bonneville)’s Regional End-Use Metering Program (REMP) field study conducted by
the Pacific Northwest Laboratory (PNL) as described in Appendix B (Warwick and Bailey 1993;
Warwick 1993).

E.2 Participation and Measure Installation Results

The savings from retrofit programs depend on participation in the program and installation and
performance of measures. The success of a program is usually based on the number of sites that are
involved at various stages of a program. Field study results from each of these perspectives are
presented in the following sections and summarized in Table E.1.

Table E.1 Site (Program) and Measure Results

Number of Actual vs. Potential Number of Actual vs. Potential
Sites Measures
Number Fraction Number Fraction
|| Participation Penetration 111/150 74 158/240 66 ||
[| Al Sites 98/150 65 158/240 66
|| Participants only® , 98/111 88 158/161 98 “
" Persistence in First Year® "
|| Actual Returns 6, or 92/98 94 9, or 149/158 94 ||
|| Survey Resuits® 6, or 30/36 83 c c ||

Some of these were later unwilling or unable to adopt measures.

b Ppersistence is based on actual participants (those who had measures installed).

© Not all subjects responded to the survey (only 36 of the 98 responded). Further, the survey
responses did not specify how many measures were replaced, so no measure-based estimate is

# Participants are defined here on the basis of willingness to participate in the program.
available.
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E.2.1 Site-or Program-Level Results

Program participation is the number of households who initially agreed to have showerheads instal-
led. Recruitment letters and follow-up telephone calls were made to 150 REMP sites, and 111 elected
to participate, for a 74% participation rate.

Program penetration is the fraction of households that had showerheads installed compared to the
number who could have participated. Ninety-eight of the 150 REMP homes had at least one shower-
head replaced, for a 65% penetration rate among all households. Alternatively, 98 of the 111 partici-
pants installed one or more showerheads for an 88% penetration rate among interested households.

Program persistence is the fraction of initial participants who had showerheads installed who still
have at least one in place. Persistence was measured two ways. First, a survey was administered after
showerheads had been in place about 8 months. Thirty out of 36 responses indicated no showerheads
had been replaced, for a persistence rate of 83%. If the six sites who claim to have removed shower-
heads are the only sites who did so, persistence in the entire sample increases to 93% at eight months.
Persistence was also calculated based on the actual rate of return of original showerheads by PNL staff,
because survey responses are not always reliable. At the end of the REMP study, 15 months after
retrofit, 92 of the 98 homes had not asked PNL for their showerheads back, for a 94% program persis-
tence rate.

E.2.2 Measure Results

Homes can have multiple showers. As a result, participation, penetration, and persistence need to
be reported based on the number of showers or measures, as well as the number of homes or
participants.

A total of 173 showers were identified at the 105 homes PNL visited. Although attempts were

made to retrofit all showerheads in each home, this was not possible in all cases. The distribution of
showers per home and the number of showerheads retrofit are summarized in Table E.2.

Table E.2. Installations (105 sites)

Total Number of
Number of Number of Number of Sites with This Number of Showerheads
Showers Sites Showerheads Replaced Replaced
1 2 3 0

i 1 47 44 NA NA 3 44
2 48 3 43 NA 2 89

3 10 1 0 8 1 25 "
Total: 10S sites 158
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Achievement of conservation potential is based on the number of measures that are installed at
various stages of a program.

Measure participation is based on the actual number of showerheads distributed compared to the
total number that could be installed. The original 150 potential REMP participants had an estimated
240 showerheads. Of the 240, 158 were replaced for an approximate measure participation rate of
66%.

Measure penetration is based on the number of efficient showerheads installed in homes compared
to the number that could have been installed. The 98 homes that received showerheads contained 161
showers; 158 showerheads were replaced for a measure penetration of 98% for the 98 part1c1pat1ng
homes, and 66% for the 150 original eligible homes.

Measure persistence is based on the fraction of measures that remain in service compared to the
number installed. Survey responses did not identify the number of showerheads that were replaced, so.
the only source of data on measure persistence is requested returns. Of the 158 showerheads that were
installed in the 98 homes, 149 remained in service after 15 months for a 94% measure persistence rate.

E.3 Site, Pressure, and Water Flow Results

The REMP field study examined water pressure and reductions in water-flow rates in two different
brands of retrofit showerheads. These rates were compared to flow rates of existing showerheads.
Results are described in Sections E.3.1 and E.3.2.

E.3.1 Effects of Site Conditions on Research Design

The initial field study design specified a single brand and model of showerhead to eliminate the
possibility of differences in estimated energy use because of variations from one brand to another.
However, water-flow rate analyses early in the research showed water flow rates for existing shower-
heads that were far below what had been expected. Ultimately, two brands of showerheads were used
as replacements. Both were chosen on the basis of previous program experience and customer studies
(Katzev 1991). The models selected are used extensively in the Pacific Northwest in utility showerhead
retrofit programs.

The first choice was an Ondine brand showerhead. The Ondine model selected had a 2.5 gallon
per minute (gpm) design flow rate. Bonneville staff indicated that this flow rate was approximately
one-half of the average showerheads’ flow rate of 4 to 5 gpm assumed for non-low-flow. However,
after completing measurements and installations in 13 homes (22 showerheads), field personnel noted
lower-than-expected flow rates before replacement. "Before” flow rates averaged 3.9 gpm instead of
between 4 and 5 gpm. A flow reduction from 3.9 gpm to 2.5 gpm (1.4 gpm) based on installation of
the Ondine showerheads was thought to be too small a change to measure using total water-heating
energy data for a sample of roughly 100 homes.
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A second retrofit showerhead, the ETL Spa 2001 brand (rated at 2.0 gpm), was purchased for use
in the study, rather than discontinuing the study and leaving the question of showerhead savings
unanswered. The remainder of the retrofits were completed with this model showerhead to decrease
flow rates by about 2 gpm, which was expected, based on pre-flow data at that point. In total, 22 of
the Ondine showerheads were installed in 13 homes; 136 Spa 2001 showerheads were installed in the
remaining 85 homes. Flow rate results are presented below for each showerhead mode! where
appropriate.

E.3.2. Water Pressure and Flow Rates

Water pressure and water flow rates are assumed to be primary determinants of showerhead flow
rates. This study found a moderate correlation between water pressure and flow rates (see Figures E.1
and E.2). However, the difference in pre- and post-flow rate was highly correlated to the pre-flow
rate. In other words, higher pre-flows resulted in a greater reduction after the efficient showerheads
were installed, as expected. Again, water pressure was only moderately correlated with decrease in
flow. As canbe seen in Tables E.4 and E.5, the variability of the flows was noticeably reduced by the
retrofit installations. Tables E.6 and E.7 show Pearson and Spearman correlation coefficients for
pressure, flows, and change in flow.

There was no change in flow rate or an increase in flow rate for 23% (5 of 22) of the Ondine
showerheads installed and 13% (18 of 136) of the Spa showerheads installed. This unexpected increase
in flow rate may be due to removal of old showerheads that had been clogged with corrosion or parti-
cles that had severely impeded water flow.

A bar graph and table illustrate the distribution of pre-flow rates for the 170 showers where pre-
flow rates were measured (Figure E.1). The table at the bottom of the bar chart provides a basis for
estimating potential savings from showerhead retrofits with different flow rates. For example, 81
showerheads had rates of flow of greater than 3.0 gpm; reduced flows would be realized if these
showerheads were replaced by showerheads rated at 3.0 gpm. A showerhead that is rated at 2 gpm
would result in reduced flows for a total of 121 showerheads, or 29%. In other words the potential for
savings varies as a function of the flow rate of the retrofit showerhead; the lower the flow rate, the
greater the savings potential (see Table E.7).
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Table E.3 Water Pressure and Pre-and Post-Installation Flow Rate Descriptive
Statistics for ETL Spa 2001 Showerhead Installations (n=80)

—

Water Pressure Pre-Flow Post-Flow
H Mean 60.7 3.09 1.67
ﬂ Standard Deviation 17.9 1.34 0.26

Table E.4 Water Pressure and Pre-and Post-Installation Flow Rate Descriptive

Statistics for Ondine Showerhead Installations (n=13)

—_—

Water Pressure Pre-flow Post-Flow
(pounds/square inch) (gallons/minute) (gallons/minute)
Mean 57.7 3.89 2.55
“ Standard Deviation 18.7 1.21 0.24

Table E.S Pearson and Spearman Correlation Coefficients for Pressure, Flows, and
Change in Flow for ETL Spa 2001 Showerhead Installations (n=80)

B Pressure. Pre-Flow Post-Flow Change (pre-post)
Pearson Coefficients
Pressure 1.00
Pre-Flow 0.41 1.00
Post-Flow 0.58 0.39 1.00
Change (Post-Pre) 0.31 0.98 .20 1.00
Spearman Coefficients
Pressure 1.00
Pre-Flow 0.42 1.00
Post-Flow 0.59 0.38 1.00
Change (Post-Pre) 0.37 0.97 .20 1.00
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Table E.6 Pearson and Spearman Correlation Coefficients for Pressure, Flows, and
Change in Flow for Ondine Showerhead Installations (n=13)

Pressure Pre-Flow Post-Flow Change (pre-post)
Pearson Coefficients .
Pressure 1.00
Pre-Flow 0.47 1.00
Post-Flow 0.55 0.43 1.00
Change (Post-Pre) 0.38 0.98 25 1.00
Spearman Coefficients
Pressure 1.00
Pre-Flow 0.46 1.00
Post-Flow 0.53 0.42 1.00
Change (Post-Pre) 0.33 0.96 24 1.00

Another conclusion that can be drawn from Tables E.4 through E.6 is that existing showerheads
have a greater variation in flow rates than retrofit showerheads. The causes for the greater variation in
pre-flow rates are unknown, but could be attributed to one or a combination of the following: first, the
existing showerheads reflect a variety of showerhead types and flow rates. This heterogeneity by itself
would lead to greater variation in flow rates when compared to a single model of showerhead. Second,
a relatively large fraction of the existing showerheads had measured flows that would place them in the
category of "low-flow" showerheads, although they were not "low-flow"” models. It is possible that
these showerheads had lower flow rates because they had become fouled by scale, rust, and other
debris carried in the water line over time. Finally, 26 of the 173 pre-retrofit showerheads were char-
acterized as "energy efficient” by participants. Seventy of the 173 showerheads were not classified and
the participants were "unsure” about the efficiency of 36. Both of these categories could include addi-
tional energy-efficient showerheads (see Figure E.3). If this is the case, the low-flow observations may
include a large fraction of existing showerheads that are already low-flow models.

After this analysis was conducted, Bonneville tested the flow rates of REMP showerheads in the
laboratory. These results are provided in Appendix F. When laboratory flow rates are compared to in-
site flow rates, at identical water pressure, it appears that showerheads with kigh flow rates (i.e., over
5.5 gpm) routinely exceed their field flow rates in laboratory tests. This supports the conclusion that
the household plumbing system itself restricts water flows above 3.5 gpm due to seating, rot, and so
on.
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Number of Shower

1.0or 1.1to 1.6t 2.1to 2.6to 3.1t0 3.6t0 4.1t0c 4.6to 5.10r

fewer 1.5 20 . 25 3.0 3.5 4.0 4.5 5.0 more
Measured Pre-Flow Rate (Gallons/Minute)
W Cumulative Frequency of Showerheads H
" 170 166 153 121 93 81 59 46 27 16 H

Figure E3 Distribution of Measured Pre-Flow Rates

Table E.7 Showerhead Savings Estimates at Various Retrofit Flow Rates

Design Flow Rate of Refrofit | Number of Showerheads with Fraction of Showerheads
Showerhead (gpm) Savings (base 173) with Savings (173=100%)
3.0 81 48%
25 93 55
2.0 121 71
1.5 153 90
1.0 1 166 ] %

Whatever the reason, existing showerhead flow rates in this sample vary significantly from the
expected rate of 4 to 5 gallons per minute, with a large fraction substantially below that level. This
raises questions about energy savings estimates based on assumed average flow rates of between 4 and
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5 gpm. Nevertheless, similar savings could be achieved with showerheads that provide the same flow
rate reduction. For example, flow-rate reductions of 1.5 gpm could be achieved from a 2.5-gpm
showerhead with average flows of 4 gpm. If average flows are actually 3.1 gpm, as verified in this
study, this 1.5-gpm reduction would require a showerhead that performed at a 1.6-gpm rate.

The mean water pressure for sites in the showerhead installation study was 60.3 psi. The variety
of showerheads and consequent range in flow rates confounds correlations of pre-flow rates with water
pressure. At least two factors are present. The first is the variation of flow rates for the same model
of showerhead across a range of water pressures. The second is the variation of flow rates across
various showerhead models. When only one model of showerhead is used, the deviations in flow rate
associated with pressure are significantly reduced. This probably indicates that modern showerheads
are designed to function satisfactorily across a broad range of water pressures. This conclusion is
reinforced when the sample is grouped by low, medium, and high water pressures (Table E.8). (It is
also supported by subsequent flow tests concluded by Bonneville and presented in Appendix F). Table
E.8 also illustrates that low water pressures are associated with noticeable reductions in both pre- and
post-installation flow rates and subsequent water savings. Low water pressures were often associated
with households using wells for the water supply (Table E.9).

Table E.8 Water Pressure and Flow Rates for the Total Sample and by Low,
Medium, and High Water Pressure Groupings (ETL Spa 2001 sites only)

E.10

Pre-Flow (gpm)
Total (n=80) Water Pressure (psi) Post-Flow (gpm) | Difference (gpm)
Mean 60.7 3.09 1.67 1.42 "
|t Standard Deviation 17.9 1.34 0.26 1.26 "
Low Pressure
n=18) Water Pressure (psi) Pre-Flow (gpm) | Post-Flow (gpm) | Difference (gpm)
Mean 36.6 2.33 1.41 0.92 "
Standard Deviation 4.2 1.06 0.17 0.99 "
Medium Pressure
(n=28) ‘Water Pressure (psi) Pre-Flow (gpm) | Post-Flow (gpm) | Difference (gpm)
I Mean 57.5 3.10 1.70 1.40 "
Standard Deviaton 6.4 1.34 0.20 1.35 "
High Pressure
(n=28) Water Pressure (psi) Pre-Flow (gpm) | Post-Flow (gpm) | Difference (gpm)
Mean 80.0 3.56 1.80 1.76 "
Standard Deviation 9.4 1.32 0.28 124 Il




Table E.9 Water Pressure for Sites With and Without a Well

Number of Sites . | Average Water Pressure (psi) =ﬂ;-t:t“nl“dard Deviation "

" All Sites® 96 60.50 17.72 I
No Well 77 66.08 . 14.98
With Well 19 37.89 6.08

(a) Water source was not asked of all participants. These figures were constructed from
other sources (Table B.2 in Appendix B) for a total of 96 sites.

E.3.3 Projecting Savings from Flow Rates

Using the results from this study as a basis for projecting savings potential provides a range of
results depending on the assumptions made regarding the flow rate of the retrofit showerhead and the
source of domestic water (well or no well). Savings potential varies directly with water pressure,
because lower pressures result in lower initial flow rates and thus less savings potential (Table E.10).
Although, this range of estimates reflects the dynamics of household hydraulics, it does not include
behavioral dynamics and is thus a “best case” estimate. The most reliable estimates of savings are
derived from longitudinal studies of water and/or energy use before and after showerhead retrofits, so
that household plumbing and behavioral effects are included.

Table E.10 Projected Savings for Representative Showerheads and Water Pressures

Water Pressure Pre-flow Post-flow Delta Delta |
Assumed Flow Rate (psi) (gpm) (gpm) (gpm) (%)
2.5 gpm showerhead 36.6 2.3 2.1 2 9
2.5 gpm showerhead 67.7 33 25 7 21
2.0 gpm showerhead 36.6 2.3 2.0 3 13
| 2.0 gpm showerhead 67.7 33 . 2.0 1.3 | 39 |

E.4 Energy Savings Estimates

Hot-water energy savings were analyzed in both the test group (sites where showerheads were
replaced) and the comparison group (non-participating sites). Sections E.4.2.1 through E.4.2.4 des-
cribe the assumptions and tests involved in these analyses and summarize the savings for each group.
Pre-retrofit and post-retrofit differences were compared between the two populations taking into
account behavioral factors due to a drought-induced crisis.
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E.4.1 Data Analysis Overview

A variety of approaches were used to estimate energy savings from the REMP sites. Of the 105
sites recruited in the study, only 91 could be used for all of the energy savings analyses because some
of the 105 sites had non-electric water heaters or critical missing data. At the 91 sites, 139 shower-
heads were replaced. These sites are called test sites in this report. Initially, 150 homes were con-
tacted to participate in this study (Appendix B). The occupants of some of the homes refused to parti-
cipate, although energy use data continued to be collected at these sites as part of the ongoing REMP
field study. Eventually, this data was used in this study to compare with the energy savings among
study participants. These non-participants are referred to as the "comparison” or "control” group in
this report.

The principal approach used for this study treated the data from each site in matched pairs. This
contrasts with the more common comparison of means for two populations. Statistics that make use of
the matched pair approach account for some of the underlying variability in the data and produce more
efficient results, which is important in this study where the sample size is restricted. This approach
was applied to various data aggregations (test or control) as well as to data specific to the hot water
heater and to data for the total household (called "billing" data in this report). Billing data includes hot
water energy use as well as all other electricity uses (except temperature-sensitive heating and cooling
uses).

End-use-metered data for hot-water heating is specific to the hot-water-saving measures being
studied. Nonetheless, it includes all hot-water use, not just use for showering. As a result, our
estimates of differences in use include all changes in hot-water use. Some of these may not be directly
attributable to conservation devices, leading to an inaccurate estimation of showerhead savings. Two
alternative analysis approaches were taken in an effort to address shower energy use and savings more
specifically. These were exploratory analyses, but provided useful confirmation of our primary results.
Further exploratory analyses were undertaken to determine the effects of other factors on hot water use
and savings. These analyses are discussed in Section E.4.2.

E.4.2 Water-Heater Energy Savings Analysis
This section addresses questions concerning the comparisons of the pre- and post-retrofit data
obtained for the houses in the control and test sites. Statistical tests are used to determine possible

changes regarding the mean response for each population to detect any savings in the mean usage when
comparing the post-retrofit period data.

E.12




E.4.2.1 Test Site Summary Results

This section provides summary statistics for the sub-population of homes in the test group. These
homes are characterized in terms of savings in kilowatt hours (kWh) as shown in Table E.11.

Table E.11 Summary Statistics for Test Site Homes

o Energy Use (KWh) . "
Statistic Pre Post ' Post-Pre
Mean 4402.80 3887.59 -515.48
Standard Deviation 1832.49 1790.49 588.89
Count 87.00 85.00 85.00
Minimum 1018.84 362.45 -2116.58
25% 2912.47 2508.90 -880.80 |
50% 4206.88 3665.40 -448.97 "
75% 5485.95 5128.46 -85.84
It Maximum © 9253.54 8791.32 710.08
Range 8234.70 8428.87 2826.67 |i
Skewness 0.38 0.45 -0.68 "
Kurtosis -0.28 -0.39 -0.09 "

To determine if there is a savings in energy, the post-retrofit period data were compared to the pre-
retrofit period data. Since the data from the pre- and post-retrofit periods come from the same popula-
tion of homes, we say that the data are paired and use this to account for some of the variability when
designing our test statistic. Graphically, we may view the two populations A and B (where A is the
pre-retrofit period data from the control homes and B is the post-retrofit period data from the same
homes) in side-by-side box and whisker plots as in Figure E.4. Another graphical representation of the
differences appears in Figure E.S where a grid has been added to the plot along with the line depicting
100% agreement with pre-retrofit period and post-retrofit period data. The results fluctuate around this
line. Note that if most of the observations are below the line, that means most homes had a decrease in
energy consumption while if most observations are above the reference line then most homes had an
increase in energy consumption.
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E.4.2.2 Assumptions and Tests

In the sample population of test sites, hot-water usage data were collected from a population of
homes for each hour of each day for a period of one year prior to the installation of the new shower-
head and one year after the new showerhead was installed.

An initial investigation should focus on the test site group alone before comparing this group to the
control population. We want to look at the estimation of my, (the mean difference for pre- and post-
retrofit periods) where we have matched pairs. The assumptions that go into the test for detecting a
différence in the means between the pre-retrofit data and the post-retrofit data are as follows:

¢ The sample paired observations are randomly selected from the target population of paired
values.

¢ The population of paired differences is normally distributed.

The first assumption has been met according to the criteria used to set up the data collection
scheme. The second assumption may be verified by looking at a QQ-plot of the data. If the differen-
ces come from a normal distribution, then the plot should appear as a straight line along the diagonal.
Figures E.6 and E.7, show the QQ-plots of the pre-retrofit period and post-retrofit period data from the
test group. These figures show a tight fit; thus, we have no reason to reject the assumptions of
normality.
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Figure E.4 Side-by-Side Box and Whisker Plots for the Pre-Retrofit Period and
Post-Retrofit Period Data for Homes in the Test Population
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Figure E.5 Pre-Retrofit Period and Post-Retrofit Period Data for Homes in the
Test Population (solid line indicates positions at which there is no
difference between the two time periods)

Since our data satisfies the assumptions of the test, we can proceed under the hypotheses:

Hy:mp =0

(There is no difference between the pre-retrofit and post-retrofit means).
Hyi:mp > 0

(The post-retrofit mean usage is less than the pre-retrofit mean usage).

The associated test statistic to be computed is given by

T7-_ P __ 51548 oo

s;lyn 588.89 / /85

E.15
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where this implies a p-value less than 0.0001 (less than any level of significance commonly used in
practice). Numeric values for this equation came from Table E.11.

where mpy= mean of the differences between pre-period and post-period data
s=variance of the differences
n=number of differences.

This test statistic will be compared to a value obtained from the Student’s t- distribution at the
upper « percentile. The value of « determines the level of significance of the test. A typical value for
a is .05, though others are sometimes used. We may also calculate the associated p-value of our test
statistic T and compare that to c. If the p-value of T is less than «, then we reject Hy and conclude that
the post-retrofit mean usage is less than the pre-retrofit mean usage. Note that the numbers presented
here are for the data in terms of kWh. (This approach also applies to the test and control billing and
end-use data.)
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Figure E.6 QQ-Plot for the Pre-Retrofit Period Data for the Test Population
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Figure E.7 QQ-Plot for the Post-Retrofit Period Data for the Test Population

Now, the t distribution yields 1.66 for a level of significance of .05. Equivalently, we observe that
the p-value of the test statistic is less than a. Hence our conclusion is to reject the null hypothesis and
conclude that the post-retrofit mean usage is less than the pre-retrofit mean usage for the popula-
tion that installed the energy-saving showerheads. In the preceding paragraph we may compare T to
our test statistic (8.07) calculated earlier to see if it is bigger than the Student’s t-value of 1.66; or, we
may see if the p-value of our test statistic (<.0001) is less than .06.

Another way to examine this-difference is with (one-sided) confidence intervals. Table E.12
presents two confidence intervals derived for the paired differences and Figure E.8 also shows that the
confidence intervals are different from zero.

The results from this analysis provide an estimated savings of 515.48 kWh for the first year.
These savings represent total, or "gross,” impacts associated with participation in the study and
presumably resulting from the measures installed. Ideally, the measurement of gross impacts can
specifically exclude effects that are not directly attributable to the specific measures. However, these
non-measure effects are often unknown in advance; hence, this is rarely the case.
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Table E.12 Confidence Limits for Savings from the Test Population

" Confidence Level One-Sided Lower Limit
| 0.80 461.4559
0.81 459.1164
0.52 » 456.6986 I
0.83 454.1933 |
0.84 451.5898 |
0.85 4488757 -
0.86 446.0357 !
" 0.87 443.0517 !
| 0.88 439.9012 "
| 0.89 436.5562
I 0.90 432.9810
I 0.91 429.1291
| 0.92 424.9384
| 0.93 420.3226
I 0.94 415.1573 "
| 0.95 409.2523 |
[ 0.96 402.2945 “
| 0.97 393.7090
0.98 382.2373 I
099 364.0052 |
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Figure E.8 Confidence Intervals for Paired Differences for
the Test Population (comparing pre-retrofit and post-retrofit)

E.4.2.3 Comparison Group Savings

The inclusion of a comparison group in the research design is typically considered "good" evalua-
tion practice as it provides a basis to estimate "normal” changes in energy use that should not be attri-
buted to efficiency measures. The research design for the REMP savings analysis was restricted to the
size of the REMP sample, which did not support a comparison group. This was not deemed to be a
significant shortcoming because it was assumed that showerheads are not normally replaced with
energy-efficient models, therefore "normal” changes in hot water energy use from this effect would be
slight. However, this assumption was challenged shortly after the study began by two factors. The
first, and most significant was a drought that was occurring in the region at the time of the study and
required water rationing and other limits on water use. The second factor was the adoption of maxi-
mum water flow standards for showerheads and other water fixtures by the states of Oregon and
Washington and eventually, the federal government. When this became apparent in the spring of 1992,
few options were available to estimate these effects. Because of the drought, aggressive water-con-
serving actions were adopted by most of the region’s major cities and were widely reported via
regional newspapers, and television and radio news broadcasts. As a result, few areas were unaware of
the issue, which was being treated as a crisis in the media. Consequently, it was decided to assess
these impacts by examining the change in hot-water energy use among the roughly 50 REMP sites that
did not participate in the showerhead retrofit study.
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A true comparison group is one in which the participants could be expected to have participated in
the program that was delivered to the "test” group. This situation does not describe the REMP non-test

cases, which specifically rejected solicitations to participate in a test of water-conserving devices.
Consequently, they did not constitute a true comparison group. Their bias against participation could
be assumed to translate into an aversion toward the voluntary retrofit of water-saving devices. As a

result, it was assumed that they would still provide insights into actions people may take in the face of

a drought that stop short of the adoption of water-saving devices, in other words, purely behavioral
changes. Behavioral actions are likely to have both less impact than the installation of water-savings

devices and limited persistence once the crisis passes. All of these issues call into question the useful-
ness of our assessment of "comparison” group impacts. Neverthel%s_, we found it worthwhile to pur-

sue the results for their suggestive, if not definitive, value.

E.4.2.4 Summary Results

This section provides summary statistics for the subpopulation of homes in the control group.
These homes are characterized in terms of savings in kilowatt hours as shown in Table E.13.

Table E.13 Summary Statistics for Control Site Homes

Energy Savings (kWh)
Statistic
‘li L Pre - Post Post-Pre
|—_ Mean 4619.72 4468.11 -152.57 ||
|| Standard Deviation 2204.85 2187.21 1087.61 ||
" Count 57.00 56.00 56.00
" Minimum 1003.37 1273.51 -4492.69
" 25% 2720.38 2835.38 -589.50
50% 4211.58 4204.16 -115.56
75% 5702.07 5104.45 294.02 |l
Maximum 11497.76 11388.35 2513.52
I Range 10494.38 10114.83 7006.22
Skewness 0.76 1.10 -0.90
Kurtosis 0.45 1.20 4.03
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We treat the data from this population of homes the same as the data from the test group.
Specifically, we are interested in determining if there is a savings in energy when the post-retrofit
period data is compared to the pre-retrofit period data. Since the data from the pre- and post-retrofit
periods come from the same population of homes, we say that the data are paired and use this to
account for some of the variability when designing our test statistic. (That is why the post-pre mean
value in Table E.13 is not simply the pre-mean less the post-mean.) Graphically, we may view the
two populations 4 and B (where A4 is the pre-retrofit period data from the control homes and B is the
post-retrofit period data from the same homes) in side-by-side box and whisker plots as in Figure E.9.
For the control group, since there is no treatment, we expect that the pre-retrofit period and post-retro-
fit period data should be very similar. This is depicted in Figure E.10 where a grid has been added to
the plot along with the line depicting 100% agreement with pre-retrofit period and post-retrofit period
data. The results we have fluctuate around this line, which indicates no systematic changes over the
two periods. In other words, there is no apparent savings in the comparison group.

2000 4000 6000 8000

Pre Post

Figure E.9 Side-by-Side Box and Whisker Plots for the Pre-Retrofit Period
and Post-Retrofit Period Data for Homes in the Control Population
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Figure E.10 Pre-Retrofit Period and Post-Retrofit Period Data for Homes in the
Control Population (Solid line indicates positions at which there is no
difference between the two time periods)

E.4.2.5 Assumptions and Tests

To compare the pre-retrofit period and post-retrofit period data, we may perform a paired #-test.
We will want to look at the estimation of m, - m, where we have matched pairs. Within the control
group, we have data for pre- and post-retrofit periods. The assumptions that go into the test for detect-
ing a difference in the means between the pre-retrofit data and the post-retrofit data are as follows:

® The sample paired observations are randomly selected from the target population of paired
values.

¢ The population of paired differences is normally distributed.

The first assumption has been met according to the criteria used to set up the data collection
scheme. The second assumption may be verified by looking at a QQ-plot of the data. If the differen-
ces come from a normal distribution, then the plot should appear as a straight line along the diagonal.
Figures E.11 and E.12, show QQ-plots of the pre-retrofit period and post-retrofit period data. Again,
these show a tight fit, which leads us to assume a normal distribution.
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Figure E.11 QQ-Plot for the Pre-Retrofit Period Data for the Control Population

Post Period Data
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Figure E.12 QQ-Plot for the Post-Retrofit Period Data for the Control Population
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Since our data satisfies the assumptions of the test, we can proceed under the hypotheses:

Hy:mp =0 E.4
(There is no difference between the pre-retrofit and post-retrofit means).

(The post-retrofit mean usage is less than the pre-retrofit mean usage).

The associated test statistic to be computed is given by

u E.6)
ro M 15251 oo
1087.61/4/56
Zn 087.61//5

where mp= mean of the differences between pre-period and post-period data
s = variance of the differences
n = number of differences.

Numeric values for this equation come from Table E.13.

The associated p-value for our test statistic is 0.1398, which is not less than the 0.5 value for a.
The Student’s t-distribution yields 1.67 at a level of significance of .05. Equivalently, we observe that
the p-value of the test statistic is greater than a. Hence our conclusion is to fail to reject the null hypo-
thesis and conclude that there is not enough evidence to support the hypothesis that the post-retrofit
mean energy consumption is less than the pre-retrofit mean energy consumption for the control sites.

Another way to look at this difference is with the aid of (one-sided) confidence intervals.

Table E.14 presents two confidence intervals derived for the paired differences. Figure E.13 also
shows that the confidence intervals on the average difference are not different from zero.
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Table E.14 Confidence Limits for Savings from the Control Population

Confidence Level One-Sided Lower Limit
0.80 29.2953
0.81 23.9450
0.82 18.413
0.83 12.6805
0.84 6.7205
0.85 0.5046
0.86 -6.0021
0.87 -12.8420
0.88 -20.0672
0.89 -27.742
0.90 -35.9517
091 -44.8019
0.92 -54.4384
0.93 ) -65.0618
0.94 -76.9626
0.95 -90.5846
0.96 -106.6598
0.97 -126.5348
0.98 -153.1637
0.99 i -195.6717
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Figure E.13 Confidence Intervals for Paired Differences for the
Control Population (comparing pre-retrofit and post-retrofit)
E.4.2.6 Comparing The Test and Comparison Group Populations

In this final section we compare the populations of differences for the test and control groups. In
other words, we wish to consider the differences between the pre-retrofit and post-retrofit data for
homes that used the new showerhead to be considered as one group and we wish to consider the dif-
ferences between pre-retrofit and post-retrofit for homes that did not use the new showerhead as the
other group. Our hypotheses of interest are then

Hem-m, =0 E.7)
(The mean hot-water savings for the two populations are identical.)
Hl: ml - mz > 0 (E.s)

(The mean hot-water savings for the test population is larger than the mean hot water savings for
the control group.)
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E.4.2.7 Assumptions and Tests

To use the standard parametric t-test that is usually employed in this situation, we must first stop
and check to see that the assumptions underlying the t-test are met by our data. If these assumptions
are not met, then performing the t-test is invalid and we must use another approach to investigate the
hypotheses. There are the assumptions to be checked:

¢ The sample sizes are sufficiently large (n; and n, both larger than about 30).
¢ The two samples are selected randomly and independently from the target populations.

In this case, we have sample sizes that are larger than 30 for both of the groups under consideration
and the second assumption is a result of the original sampling plan. Therefore, we may apply the
standard parametric test. The results for this test are presented in Section E.4.2.8.

E.4.2.8 REMP Showerhead Savings

E.9)

P~ By _ 51548 - 15257 _, ¢,

o, 142.38

which leads to a p-value equal to 0.0061 (recall that most comparison levels of significance are much
greater than this value). So, we see that at a level .05 test, the mean savings in hot-water usage for the
test population is larger than the mean savings in hot water usage for the control population. The
homes that received the energy-saving showerheads exhibited, on average, a greater overall savings in
hot water usage.

Once again, the result may be verified by looking at the confidence intervals in Table E.15 and
noting Figure E.14, which graphically depicts these intervals.

E.27



Table E.15 Confidence Limits for Differences in

Savings Between the Test and Control Population -

" Confidenc; Level One-Sided Lower Limit
| 0.80 242.7437
0.81 237.5282
0.82 232.1363
0.83 226.5474
0.84 220.7375
‘ 0.85 214.6782
" 0.86 208.3353 I
0.87 201.6676
|| 0.88 194.6244
u 0.89 187.1421
0.90 179.1400
|| 0.91 170.5127
|| 0.92 161.1189
|| 0.93 150.7630
|| 0.94 139.1619
" 0.95 125.8829 I
0.96 110.2126 |
|| 0.97 90.8382
|| 0.98 64.8794
|| 0.9 23.4424
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Figure E.14 Confidence Intervals for Differences in Savings for the Test and Control Populations

Although these results do not conclusively verify hot water energy-conserving actions by non-
participants, the observed difference in means and their direction, along with other data, suggest that
there was an effect. This analysis was undertaken using annual data. This level of aggregation tends to
obscure effects that may be confined to less than whole-year periods. Qualitative analysis of hourly
load shapes, both monthly and annual average, reveals an attenuation of hot-water heating loads during
peak-use periods in the post-retrofit period control sample (Appendix I). Narrower peak load periods,
especially when the peak loads fall off rapidly, is characteristic of a change in behavior, such as taking
shorter showers. It contrasts with structural changes induced by the installation of water-saving devices
in the test homes, which reduced energy use on a per-unit-of-water, rather than lapsed-time, basis.

Characteristically, this shows up in load shapes as an overall decrease in loads, rather than as narrower
peaks.

"Conservation” effects on the control sample load shapes appear to be confined to months early in
the year, prior to the peak water-using months of summer (Appendix I, Figures 1.6 through 1.17). This
short-lived effect could be a result of purely behavioral reactions to early warnings about the drought,
which lapsed later as the crisis continued despite these sacrifices and as the crisis waxed and waned
with each new rainstorm. This is speculation; however, post-hoc analyses of water use by water
utilities appears to support modest average per-consumer savings even though all of them could not and
did not participate in utility conservation programs. These results suggest that some conservation did
occur voluntarily. To acknowledge this effect, and in the absence of better data, we assumed it was
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reasonable to use the observed difference in means for the comparison group as representative of these
effects.

Typically, changes in energy use by a comparison group are used in evaluations to adjust gross
savings estimates for program-induced, or net impacts. As indicated in the preceding section, the legi-
timacy of the results from the control group and the meaning of these results is open to interpretation.
Even if the results observed are accepted as valid, it is not clear that they should be used to "net out"
naturally occurring changes since they were derived during a drought-induced crisis, which is not
normal. At best, they should probably only be used for adjusting gross savings for a short period of
time, probably just for the first year.

E.4.5 Other Effects

Unexpected differences in flow rates between the two brands of retrofit showerheads occurred, as
well as changes in water-heater efficiency, may account for some of the observed savings. These
impacts were specifically evaluated and the results are presented in the following sections.

E.4.5.1 Savings by Showerhead Brand

Two brands of showerheads were used in the REMP study, one by Ondine rated at 2.5 gpm, which
was verified in the field, and one by ETL, rated at 2 gpm, but performing at 1.7 gpm in the field. This
difference in rated and verified flow rates should result in different savings for each showerhead brand.
However, the differences observed fail to support this conclusion for a variety of reasons (Tabie E.16).

Table E.16 Comparison of 'Savings by Showerhead Brand

Flow Gross Net @
No. of Shower- | No. of | Pre-Flow | Post-Flow | Change kWh kWh
Brand heads Sites (gpm) (gpm) (gpm) Savings Savings
ETL 136 73 3.09 1.67 1.42 511 358
Ondine 22 12 3.89 2.55 1.34 542 389
Overall 158 85 1.41 515 363 {
® Estimated control group savings = 153 kWh "

First, the sample of homes retrofit with the Ondine showerheads was limited (13 sites, 12 of which
were used in this analysis). The standard error of the estimated energy savings for this small number
of sites is broad enough to include the estimated savings from the ETL sites. In other words, the dif-
ference in results for both samples is not statistically significant. Second, energy savings are a function
of gross flow rate change, not just the efficiency of the retrofit showerhead. Coincidentally, the pre-
retrofit flow rates at the Ondine sites were higher than at the ETL sites by roughly the same flow rate
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difference as the two brands. In other words, the flow rate for the ETL was .88 gpm less than that for
the Ondine; however, the pre-retrofit flow rates at the Ondine sites were .8 gpm more than at the ETL
sites. These differences offset each other resulting in roughly the same flow rate change (1.42 gpm
versus 1.34 gpm).

Oddly enough, the Ondine sites appear to have somewhat greater savings (542 kWh per year versus
511 kWh per year) despite the fact that they had a slightly lower flow rate change. This difference is
not statistically significant, but may have a valid basis. The design of the two showerheads is different,
along with their design flow rate. There are two major showerhead designs, aerating and non-aerating.
The Ondine model used in this study was a non-aerating showerhead. Although representatives for
ETL claim it is not an aerating design, it has some features in common with those designs. There is
speculation that the shower stream from aerating showers feels cooler on the skin than that from non-
aerating designs. It is possible that the design of the Ondine showerhead produces a shower stream
which bathers find satisfactory without having to modify their pre-retrofit behavior. In other words,
they may be able to take a shower using their previous shower temperature settings and not altering the
length of time they shower. The aerating features of the ETL showerhead, in contrast, may encourage
bathers to adjust their normal temperature settings upward. Further, the final flow rates at the ETL
sites were almost a gallon less than at the Ondine sites (1.67 versus 2.55). It is possible that when
showerhead flows are reduced too much, bathers are forced to take longer showers in order to achieve
satisfactory results. As a consequence, the optimum, minimum flow rate may be in the 2-gpm range.

E.4.5.2 Water-Heater Efficiency Changes

Water heaters generally last 10 to 12 years before they fail. During the study period several water
heaters were replaced. This could affect energy savings if more energy-efficient water heaters were
installed during the post-retrofit period. Participants were asked if they replaced their water heater in
the post-retrofit period. According to survey responses, 1 of the 56 control sites and 10 of the 85 parti-
cipant sites replaced their water heater. These responses are difficult to verify, so their reliability is
unknown. Nevertheless, if these sites are dropped from the analysis, this potential source of error
would be eliminated (Table E.17).

Table E.17 Savings for Sites Where Water Heaters Were Not Replaced

Mean Savings (kWh) Sample
Participants 491 75
Controls 150 55
Net Savings 341 NA
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The differences in savings that result from this analysis are not statistically different from those in
the full sample. Descriptive statistics for this subset, (those that did not replace their water heaters)

comparable to the full sample (Table E.11) are shown in Tables E.18 and E.19.

Table E.18 Summary Statistics for Subset of Test-Site Homes
that Reported No Changes in Water Heaters

" Energy Use (kWh)
Statistic Pre Post Post-Pre
Mean 4475.61 3986.65 - -491.21
Standard Deviation 1813.91 1798.74 573.37
Count 77.00 75.00 75.00
Minimum 1018.84 362.45 -2116.58 |
25% 3045.37 2552.18 -878.71
50% 4403.37 3756.14 -448.97
75% 5504.45 5246.91 -83.19
Maximum 9253.54 8791.32 710.08
Range 8234.70 8428.87 2826.67
Skewness 035 |- 0.39 -0.68
Kurtosis -0.22 -0.40 0.10
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Table E.19 Summary Statistics for Subset of Control Site Homes
that Reported No Changes in Water Heaters

Statistic Energy Use (KWh)
Pre Post Post-Pre

Mean 4673.95 4526.20 -149.72
Standard Deviation 2186.11 2163.34 1097.43
Count 5600 55.00 © 55.00.
Minimum 1003.37 1440.64 -4492.69
25% 2963.34 2835.38 597.37
50% 4325.47 ' 4204.16 -115.56
5% 5768.36 5104.45 294.02
Maximum 11497.76 © 11388.35 2513.52
Range 10494.38 9947.70 7006.22
Skewness 0.77 : 1.14 -0.90
Kurtosis 0.49 1.25 3.92

E.5.0 Billing Data Analyses

The primary benefit of the REMP study was the availability of end-use- level data. It is rare that
such detailed data is available for evaluation. Due to limitations in the representativeness of the REMP
sample, it was thought to be desirable to conduct analyses of a larger sample to ensure representative-
ness and confirm the validity of the REMP analyses. The most likely source for another sample would
be utility records and the associated billing data. To determine the approximate size for a sample using
billing data, end-use data from the REMP sites was used to determine the sample size needed to esti-
mate hot water heating loads, changes, and conservation savings.

In a pure sense, billing data is derived monthly from the household billing meter, which records
consumption in kWh increments. The REMP study does not include actual utility meter reading
records; however, representative "bills" can be reconstructed using either the "total-load" data from the
REMP meters or by summing up all of the end-use data. In either case, this data is collected in terms
of watts per hour. Hence, it must be aggregated to one month, or another appropriate billing interval.

All of the REMP showerhead study sites had electric space heating. Space heating loads are sensi-
tive to changes in outdoor temperature. These temperature-sensitive swings in load complicate analysis

E.33



of changes in energy use from one year or month to the next. To simplify this analysis, reconstructed
"bills" for the REMP sites excluded electric space-heating loads.

E.5.1 Sample Sizes for Billing Data Analysis

In this investigation we will be determining sample sizes necessary to detect differences in energy
use similar to those observed in the REMP water heating end-use data, but using billing data instead of
end-use data. These sample sizes will be calculated using summary statistics obtained from the REMP
data and are assumed to be representative of the larger population. We will look at both the test sites
and the difference of the test and control sites in order to investigate the sample sizes necessary to
undertake a study to detect differences with specified confidence and accuracy. Using the values from
just the pre- and post-retrofit period data in the test population, we see that sample sizes needed for
each of the populations can be tabulated as shown in Table E.20.

To use this table, you select a combination of desired confidence and accuracy levels and the sam-
ple size is found in the intersection. For this table, the accuracy level is presented as a fraction of the
mean estimate. In other words, if the expected difference were 500, and the desired confidence inter-
val were 90%, a sample of 4,167 would produce an estimate that was plus or minus 10% of 500, or
plus or minus 50.

Table E.21 is a similar table for calculating sample sizes necessary to investigate the difference in
savings of billing data for the control and test populations.
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Table E.20 Sample Sizes for Detecting Differences in the Pre- and Post-Retrofit
Data from the Test Sites with End-Use Metered Data

Confidence Level
Accuracy Level 99% = 2.576 95% = 1.960 9% = 1.645 80% = 1.282

100% 26 15 11 7
95% 29 17 12 8
90% 32 19 13 8
85% 36 21 15 9
80% 40 24 17 10
5% 46 27 . 19 12
70% 53 31 22 13
65% 61 36 25 15
60% n 42 29 18
55% 85 49 35 21
50% 103 60 42 26
45% 127 74 52 32
40% 160 93 66 40
35% 209 121 86 52
30% 284 165 116 71
25% 409 237 167 102
20% 639 370 261 159
15% 1,136 658 463 282
10% 2,555 1,480 1,042 633

5% J 10219 ____35.917 __4,167 2,530
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Table E.21 Sample Sizes for Detecting Differences in the Savings for the Control and

Test Sites Using household Billing Data (Without Billing Period Skewness)

Confidence Level
Accuracy Level 9% = 2.576 95% = 1.960 9% = 1.645 80% = 1.282

100% 197 114 81 49
95% 219 127 89 54
90% 243 141 100 61
85% 273 158 112 68
80% 308 178 126 77
75% 350 203 143 87
70% 402 233 164 100
65% 466 270 190 116
60% 547 317 223 136
55% 651 377 266 161
50% 787 456 321 195
45% 972 563 397 241
40% 1,230 712 502 305
35% 1,607 930 655 398
30% 2,187 1,266 892 542
25% 3,148 1,823 1,284 780
20% 4,919 2,848 2,006 1,218
15% 8,745 5,063 3,566 2,165
10% 19,675 11,392 8,023 4,871
5% 78,699 45,565 32,092 19,481
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The information in these tables is also presented in Figures E.15 and E.16 below.
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Figure E.15 Sample Sizes Necessary to Have Desired Confidence and Accuracy in

Detecting Differences Between the Pre-Retrofit Period and Post-Retrofit
Period Data in the Test Population
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Differences between the Savings of the Control Group and the Savings of the Test
Group
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E.5.2 "Billing Data" Analyses for REMP Sites

The preceding discussion only addressed the issue of sample size for billing data analyses; it did
not address the issue of the reasonableness of that approach. This is an issue since billing data is so
highly aggregated and previous analyses of conservation effects using billing data have come under
heavy criticism. The availability of reconstructed billing data for estimating sample sizes provided the
opportunity to go the next step and address the issue of the reliability of billing data results compared
to end-use metering, which is the subject of this section.

End-use metering among the REMP sites permits reconstruction of energy use to resemble data
from billing meters. To remove any weather effects, the space heating end-use data were omitted,
creating a data set that resembles billing data for customers with electric water heating, but not electric
space heating. The results of this analysis are shown in Table E.22.

Table E.22 Savings Estimates from REMP Billing Data

" Mean Savings (KkWh)* Sample

" Participants 620 85
" Controls 387 56 "
" Net Savings 233 NA "

" * Difference of means. All other tables have presented the mean of the differences. "

The "billing data" estimate of savings is not a reliable substitute for the end-use metered estimate.
This is due to the fact that the billing data estimate has much greater variance than its end-use counter-
part. Summary statistics based on billing data for the test site and control homes are shown in Tables
E.23 and E.24. This has a significant impact on statements relating to confidence ranges. For
example, the 95% confidence range for savings is 83 to 643 kWh when using the end use estimate.
For the same level of confidence, the billing data estimate creates a range of -337 to 793 kWh per
year. Thus, we are confident the "true result" is contained within the billing data confidence interval
(e.g., 363 is between 83 and 643), but we are equally confident the mean differences in the billing data
are not the "true result” (e.g., 363 [end-use derived] is not equal to 233). In simple terms, analyses of
results from end-use and metered data indicate that savings estimates based on billing data comparisons
are not as accurate.

Confidence intervals for comparison of pre- and post-retrofit billing data and for savings for the
test and control populations are shown in Figures E.17, E.18, and E.19.
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Table E.23 Summary Statistics for Test Site Homes (Billing Data)

II Statistic Energy Use (kWh) H

Pre Post Post-Pre H

Mean 12993.57 12406.82 -620.37 H

Standard Deviation 4812.08 4806.42 1217.30 "

Count 87.00 85.00 85.00 "

Minimum 5166.22 4871.59 -5038.55 "

| 25% 9939.40 9234.68 ~-1410.59 “
" 50% 12666.53 12067.44 -478.25
l’ 5% 14634.49 14325.17 130.66
Maximum 39824.48 36600.01 2633.98
" Range 34658.25 31728.42 7672.53
" Skewness 2.10 1.61 -0.60
" Kurtosis ~ 9.38 5.98 . 1.10

Table E.24 Summary Statistics for Control Site Homes (Billing Data)

Statistic Energy Use (kWh) ||
Pre Post Post-Pre

| Mean 14414.03 14062.06 -387.40 |

Standard Deviation 8054.45 8312.36 2109.59

Count 57.00 56.00 56.00
Minimum 4596.61 4621.70 -9213.07 ||

25% 9022.52 8885.37 -1104.13

50% 12811.04 12308.35 1.92

75% 15623.03 16357.95 877.13
Maximum 53365.03 54823.18 3221.29 "
Range 48768.42 50201.48 12434.37 |
Skewness 2.31 2.43 -1.83 "
Kurtosis 8.02 8.59 4.89 ||
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Figure E.17 Confidence Intervals for Paired Differences for the Test
Population (comparing pre-retrofit and post-retrofit billing data)
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Figure E.18 Confidence Intervals for Paired Differences for the Control
Population (comparing pre-retrofit and post-retrofit billing data)
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Figure E.19 Confidence Intervals for Differences in Savings for the Test and Control
Populations using Billing Data

E.6 Socioeconomic Analyses

Previous studies of hot water heating energy use by PNL observed a correlation between hot water
energy use and selected socioeconomic variables (Pratt and Ross 1991). This analysis used 4 years of
data from the ELCAP sample of over 300 homes with end-use metering. The socioeconomic variables
selected for this analysis included four age categories (less than 6, 6 through 17, 18 through 65, and
over 65) and number of occupants. Key findings from the study were that the use per occupant,
exclusive of standby losses, is about 1,100 kWh annually. This average varies inversely with number
of occupants, with single person households having the highest use per occupant and very large
households having the lowest use per occupant. Use per occupant falls off markedly after the
household exceeds five or so persons. This relationship is confounded by the age distribution of
occupants in households over three persons, where the additional occupants tend to be children.
Applications of regression models to the data produced the strongest correlations with age. Occupants
in the under 6 and over 65 category had the lowest use per occupant; those in the 6 through 17
category had the highest use; and those in the 18 through 65 category the next highest. With this as
background to the REMP field study, the researchers assumed that similar correlations with age and
number of occupants would be present in the showerhead savings data. Although this early analysis
did not look at gender-based differences in hot- water use, we assumed that there would be gender-
based differences in shower use that would be reflected in hot-water energy savings.
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E.6.1 Socioeconomic Models

In the socioeconomic modeling work, we focus only on the test-site homes, since that is where data
with the highest resolution were collected. Three different questionnaires were used with as many of
these people as possible. One of these forms was an occupancy form, another was a 6-month progress
telephone-interview survey form, and the third was a mailed-in questionnaire. Unfortunately, the
absence of data from the control group sites leaves us in the position of having to estimate values for a
model for the people who are in the test site without the benefit of being able to compare the results
with another group that is so similar. What follows is the result of trying to model the test-site homes
with various classification type variables. '

We would like to be able to use as many continuous variables as possible to build a better model,
but we simply do not have that type of data.

First, we wanted to see if we could model energy savings as a function of the number of males and
females living at a given address. That model would look like the following:

SAVINGS = p + P, MALES + B, FEMALES E.11)

The problem with this model is that it relies so heavily on the parameter Mu to explain the savings
at a given location. Running this model we obtain an R2 value of .05. The model is too simple for the
underlying process that we would like to capture. This model says that there is a certain effect that
each male and each female has on the overall model, but should the parameters be negative, the
meaning is unclear. In fact, neither of the predictors is significant to the model (Table E.25).

Table E.25 Savings as a Function of Gender

Coefficients Value Standard Error t value Pr> | t]
Intercept -55.0633 16.0211 -3.4369 0.0009
MALES -14.4112 7.5671 -1.9044 0.0604
FEMALES 11.0821 ) 8.5653 1.2938 0.1994

Due to the complexities introduced by the linear models, we next turned to tree-based models.
These models have gained popularity primarily because:

¢ Tree-based models are sometimes easier to interpret and discuss than linear models when the
predictors are a mix of numeric variables and factors.

¢ Tree-based models are invariant to monotone re-expressions of predictor variables.
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o Tree-based models allow for the modeling of factor response variables with more than two
levels.

The last advantage is that the resulting model is very easy to use for estimating values for un-
knowns (for which you know the values of the predictor variables in the tree-based model). As an
example, lets look again at the simple model where we explain the savings in terms of the number of
males and females at the residence. The tree-based model is given in Figure E.20. Easily seen is that
the estimate for the amount of energy saved in kilowatts for a year for any household with no males is
33.08 kWh. If there is one or less males and two or more females then the savings is 35.74 kWh. Itis
easy to see how the estimate is obtained by simply starting at the top of the tree and comparing the
rules at each juncture to reach a decision as to which path you use to traverse the tree. Ultimately all
inputs will reach a terminal node at which the estimate can be made.

If we add just a little more complexity and include the age groups in our model, then we can visua-
lize the tree-based model in Figure E.21. The resulting tree-based model has an additional two nodes,
reflecting occupants between 7 and 18 years of age (variable AGE 2) and those between 18 and 66
(AGE 3). Nevertheless, this is still a rather simple and clear approach to the problem.

MALElS<1 5
MALES<0.5 FEMALES<1.5
FEMALES<1.5
-33.08
-56.78 -35.74
FEMALIES<2.5
-118.20
MALHES<2.5
-88.59

-25.75 -77.81

Figure E.20 Simple Tree-Based Model to Explain Savings Using only the
Number of Males and Number of Females at a Residence
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AGE:IB<0.5

FEMALES<0.5
-15.34
FEMALES<1.5

-115.20 MALES<1.5 AGE2<2.5

AGEB<1.5 AGE2<1.5

-98.99 l -83.80
89 -67.73 AGER2<0.5
2.8 -20.40
4059 -75.52

Figure E.21 Simple Tree-Based Model to Explain Savings Using only the Number of Males,
Number of Females, and Number of People within Given Age Groups at a
Residence (AGE 2 = 7-18 , AGE 3 = 18-66) )

We decided against including variables on the number of showers per occupant per year since this
type of information will not be readily available for forecasting the many unknown households.
Instead, we limit ourselves to those variables that are easily obtainable. In the final model, we investi-
gate modeling the savings in energy by adding the number of showerheads installed into our considera-
tion of construction of the decision tree. The resulting model is depicted in Figure E.21. The problem
with these models is the same with the better known linear regression models. We do not have data at
a fine enough resolution to get an accurate representation. These tree models, while easy to understand
and implement, do not capture the salient parts of the underlying process. The residuals of these
models are on the order of the mean of the parameter that we are trying to model. To capture and

explain the savings in kWh per household, we will need more data and we will need that data at better
resolution.
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HEADIS<2.5

AGEB<0.5
l -137.10
FEMALES<1.5
-14.26 MALES<1.5 AGE2<2.5
AGEJB<1.5 MALES<2.
HEAOS<1.5 -94.71 Hg&ﬁ%ﬁ% <2 -83.80

=5
-36.82 _gg 55 -54.15 -36.95 -12,29 "50-23

Figure E.22 Tree-Based Model to Explain Savings Using Number of Showerheads,
Number of Males, Number of Females, and Number of People within
Given Age Groups at a Residence

E.6.2 Conclusions from Socioeconomic Analyses

In previous analyses of ELCAP data (a larger sample), PNL observed correlations between the
number of household occupants and age and water heating energy use. The REMP data did not reveal
similar correlations between water heating energy savings and age and gender of occupants. The
REMP analysis was a household-level analysis among households that did not display a wide variation
in number of occupants. Thus, analyses of number of occupants was not pursued. As a result of these
analyses, no demographic factors are proposed for the energy savings algorithm.

There is no obvious explanation for the results of the socioeconomic analysis. Speculation about
these results focuses on compensatory mechanisms. For example, the hot-water capacity of a hot-water
heater is finite. Bathers would be constrained by this capacity. It may be that multiple bathers are
forced to take shorter showers, on average, than bathers in one- or two-occupant homes. This same
constraint also exists for non-showering water uses, so that households with non-showerers, like
infants, may be constrained by the hot water available after bathing a child in a tub, cleaning up after
meals, or clothes washing, all of which are activities that tend to cluster during bathing times. (It

should be noted that a subsequent analysis of water also failed to identify significant correlation of
savings with socioeconomic factors (SBW Consulting, Inc. 1994).

E.7 Alternative Estimates of Energy Savings
Estimates of energy use from end-use metering data typically are derived by summing channel-
level observations. This provides a useful estimate of total water-heating energy use, but it does not

discriminate among the various components of energy or hot-water use. These include energy used to
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maintain water temperature in the heater (standby energy use) or energy used to heat water withdrawn
for specific uses like showering, washing clothes and dishes, cooking, and other sanitary purposes.
Each of these uses requires a different amount of energy, which makes the hot-water heater a multiple-
use appliance.

Shower hot-water usage is not directly observable through simple monitoring of water-heater
energy use. Instead, hot-water use for showering has to be isolated from all other hot water uses.
Previous PNL analyses of this data indicated that, within a household, patterns (load shapes) of appli-
ance and energy use are relatively static, although these patterns vary greatly from house to house. A
detailed household and occupant survey was mailed to each of the 158 single-family residences identi-
fied for the earlier Bonneville showerhead field study. Only 98 of these sites were retrofit with energy-
efficient showerheads during the field study. The remaining sites were surveyed for use as "controls"
in this methodology test and for the program impact evaluation. A total of 74 surveys were returned;
17 from control households and 48 from homes retrofit during the field study. These responses
accounted for 212 individual bathers. Survey responses indicated that showers tend to cluster in the
morning and late evening hours (Figure E.23).

E.7.1 Survey-Guided Load Data Analyses

The hot water heater end use is composed of two states, re-heating associated with stand-by losses
and heating associated with hot-water withdrawals and the subsequent influx of cold water. The
amount of hot water withdrawn determines the "run-time" for the water heater to heat the new influx
water. Hot-water withdrawal amount is associated with uses, such as clothes- and dish-washing cycles,
how full the bathtub is filled, and shower duration. All of these uses would be reflected in one signa-
ture or energy-use observation, because these uses all come from the same end-use, the hot-water
heater.

Hot-water uses can be derived for some end uses, such as clothes and dish washing, by correlating
hot water loads with electricity use for these other uses. However, correlates for showering are
difficult to find (bathroom lights are one possibility). Consequently, derivation of showering hot-water
use from hot-water load data is left to indirect methods. PNL’s approach utilized hourly load data for
only the intervals survey respondents identified as showering times (Figure E.23). The survey respon-
ses approximate the estimated load shape for showerhead energy savings (Appendix I, Figure 1.5).
Survey responses were occupant-specific as well as site-specific. As a result, the number of indepen-
dent "observations” was equal to the number of occupants (212) rather than the number of sites (48).
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Figure E.23 Likely Shower Hour Distribution:
Average Day Test Sample

The distinguishing feature of this method is that the data used for the analysis is selected using par-
ticipant survey responses as a screen. The survey responses include two pieces of information that are
used to select data, an occupant response that indicates a shower was taken (“likely shower” data) and
the occupant’s response to the time of the shower (“likely hour” data). This facilitated two alternative
analytic approaches, one using likely shower data to estimate use per shower and another using the
likely hours for showering to estimate shower energy use per hour.

E.7.2 Savings Estimates

Energy-savings estimates were based on a three-hour "shower window.” We also took two
different approaches: the likely shower method and the likely shower-hour method. Data collection
and methods are described in detail below.

E.7.2.1 Data Preparation

A typical shower, if there is such a thing, uses about 15 gallons of hot water (i.e., a 7.5-minute
shower at 2 gpm of hot water or 2.5 gpm with a ratio of 80% hot to cold). An electric water heater
heats about 18 gallons of water per hour. The homes in the REMP study were equipped with load
recorders using a one-hour recording interval. As a result, the only way for shower loads to show up
in a single hour is for the shower to start on the hour and be of "normal” length. If the shower start
time was shifted, the shower load was split between two hours. In order to capture the maximum num-
ber of showers, the initial shower window was set at three hours, starting the hour before the occupant
said they took their shower to account for early risers. This had the effect of counting as showers all
hot-water energy use in the three-hour window. This seemed like a safe assumption since the major
hot-water uses (bathing and washing) compete for the same hot water, and these uses would likely be
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scheduled to avoid interfering with each other (i.e., not running the washing machine when someone
was showering).

E.7.2.2 The Likely Shower Method

The likely shower method used the data for all reported showers. To ensure an accurate measure-
ment of shower energy use, the data was screened to determine if the energy readings during the likely
shower periods were large enough to be a “legitimate” shower., This was done to eliminate data that
did not represent true showers, which would distort the results. This approach provided an estimate
for both the energy use and the number of all showers in the pre- and post-retrofit periods. Subtracting
the post-retrofit from the pre-retrofit estimates provided an estimate of savings. This analysis was con-
ducted using both the “billing” data and the water-heater end-use data. The relative energy savings
results or percent change in use, were consistent with REMP results from conventional analyses (Table
E.26). In order to estimate annual savings comparable to the REMP results, it is necessary to multiply
the per-shower results by the number of showers observed in the data for the year. When this
calculation is performed, the result (260 kWh per year) is considerably less than the REMP estimate of
sayings of 515 kWh per year. The agreement on relative savings lends support to the estimate of
savings per shower, leading us to suspect that the survey responses are not capturing all of the showers
taken by the occupants. In fact, three separate interpretations of the number of showers taken are
available. The first is the response to the survey question about the number of showers taken by the
household; the second is the sum of the responses on the “likely shower” survey, which was in fact a
schedule for the showers taken; and finally, there is the number of showers that were observed in the
“likely shower” data (Table E.27).

Table E.26 Comparison of Likely Shower Method Results

Results Mean Standard Deviation Percent Change
Billing Model results 368 692 7.3% of total use
(watts/shower)

End Use Model 280 455 12.6% of shower energy
(watts/shower)

REMP billing result 620 1,217 5% of total use
(kWh/yr.)

REMP end use result 515 588 13% of shower energy
(kWh/yr.)
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Table E.27 Average Number of Showers per Year per Person

" Data Source Number of showers/person/year “

“ Occupant survey question 262 "
" Shower schedule responses 134 - "

“ Observed in the data 108

E.7.2.3 The Likely Shower-Hour Method

The second approach to estimating showering savings used the survey responses for the hour
showers were taken. The data for each of these hours were summed to generate a load profile for the
"likely showering hours" before and after showerhead retrofit. The resulting relative savings estimates
were consistent with both the likely shower and REMP results (Table E.28). Again, when the number
of shower hours is multiplied by the savings, the result falls short of the REMP savings estimate, (254
kWh per year compared to the REMP estimate of 515 kWh per year), casting doubt on the shower-
schedule data.

Table E.28§ Comparison of Likely Shower-Hour Method Results

Results Mean Standard Deviation Percent Change “

"Hour" model results for 20 34 7.2% of total use during
"billing" data(watts/hour) the hour

{| "Hour" model results for end 15 26 12.5% of shower energy
use data(watts/hour)
"Shower"” model results for 368 692 7.3% of total use during
"billing"” data (watts/shower) | shower periods

| "Shower" model results for 280 455 12.6% of shower energy
end use data (watts/shower)
REMP billing result (kWh/yr) 620 1,217 5% of total use
REMP end use result 515 588 13% of shower energy

|| &Wh/yr)
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E.8 Conclusions

End-use metered data from water heaters provide an efficient and reliable basis for estimating
savings from the retrofit of efficient showerheads or other measures that produce savings in water-
heater use of 7% or more. Similar analyses using billing data (household-level consumption data) will
require much larger samples (e.g., 5,000 versus 100 homes) and may provide misleading answers or
results that are not useful.

Although water heater end-use data proved to be extremely valuable, it is an aggregate statistic
which includes impacts from activities that may not be a result of treatment. This is also a problem if
multiple treatments are applied. This could happen by installing faucet aerators, or increasing the
efficiency of the water-heater or other water-using appliances at the same time. Exploratory analyses
using water-heater end-use data selectively to examine specific hot-water uses (survey-guided lead
research) showed great promise as a means for distinguishing between specific hot-water uses and
savings using aggregate data.
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Existing Shower | BPA Provided Replacement All Tested BPA Supplied Faucet
Device: Heads Replaced Shower Heads Shower Heads Aerators
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Flow Rate [L/m] 21.5 8.63658 7.04 7.68

The flow listed for the Laboratory test of REPLACED SHOWER HEADS is higher than that reported for field studies.
For example, the average flow rate for existing shower heads in the Regional End-Use Metering Study [REP] is
3.2 GPM. Flows were found to rarely exceed 4 GPM. Under laboratory conditions these same shower heads
produced, on average, flows of 5.3 GPM.
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SHOWER HEADS & FAUCET AERATOR PERFORMANCE
ASSESSMENT: FINAL REPORT

FOREWORD

This revision reflects work performed prior to the original September, 1994 report. This version
includes more shower head samples regulated to operate at flows up to 2.5 GPM. The majority
of the samples included in the previous study consisted of shower heads and aerators that produce
flow rates on the order of 2.0 gallons per minute (GPM). This is consistent with current BPA.
recommendations. However, at the onset of this program in 1991, Bonneville specified maximum
flow rates “less than or equal to 2.5 GPM at 80 psi”. The majority of the units were purchased
early in the program, before the specification change. Many of the higher flow rate shower heads
are no longer available. This report also includes additional analysis to establish results'
correlation’s with other evaluators.

INTRODUCTION

As a result of the findings of externally funded shower head efficiency studies, the Program
Evaluation branch of the Office of Energy Resources RPEB requested that the BPA Laboratories
develop flow rate performance curves for existing and energy efficient shower head and faucet
aerator models. The objective was to provide data characterizing the flow-control performance of
these devices operating at supply pressures from 70 to 840 KPa (10 to 120 psi). Numerous
consultants and BPA client distribution companies raised the issue that the actual installed
performances of the shower heads do not meet BPA specifications. A representative sampling of
shower heads tested by these consultants and old shower heads removed from service during
Bonneville’s Efficient Shower Head and Faucet Aerator Program were also included to compare
in-situ and laboratory performance.

Accurate estimates of shower head and faucet aerator performance are necessary to calculate
potential energy savings gained by the installation of the devices in residential applications. The
consultant field data was typically collected using a water-flow measuring device called a micro-
weir. Other variations of perforated collection vessels were also used. While theoretically
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elegant, the lack of agreement between competing data sets demonstrates a need to characterize
shower head performance in a more repeatable manner.

The BPA laboratory test method is based on the collection of a specific mass of water and
recording the time required for the collection. This data produces repeatable flow rate data and
avoids the problems associated with making dynamic measurements of a flow process.

A single, bulk flow rate for all of the devices was calculated. This result is based on flow rate
curves developed for each device, weighted by the fraction each model represents of the total
number of devices installed, and field data characterizing supply pressure distributions over the
BPA service area. In addition, and more relevantly, a separate analysis was conducted to assess
the performance of the shower heads purchased early in the Bonneville program.

SUMMARY OF RESULTS

The overall flow rate for each sample category tested is listed in Table 1. The flow rate results for
all tested samples were combined using weighting values for the regional supply pressure
distribution and, for the new devices, the fraction each device represented of total device
population. Insufficient data is available to determine the population fraction that each old
shower head represents of the total installed. For this case, each model was assumed to represent
an equal portion of the population.

Table 1. Overall Weighted Flow Rate Values for Various Classes of Samples

Device Classification Flow Rate Flow Rate Flow Rate
[Gallons per [Liters per [m® per second]
Minute] Minute]
Existing Shower Heads Replaced] 5.68 215 0.000358
All New Shower Heads Included in the Study 1.86 7.04 0.000117
(Large Number of 2.0 GPM) Samples)
Early BPA Supplied Replacement Shower 2.28155 8.63658 0.0001439
Heads (Large Number of 2.5 GPM) Samples)
BPA Supplied Faucet Aerators 2.03 7.68 0.000128

Note that neither ‘new’ shower head set achieves the maximum flow rates. Most residences are
supplied at water pressures significantly less than the 80 psi value stipulated by BPA specification.

1 Refer to “Discussion of Result”.
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Figure 1 illustrates this points. The weighted flow rates represent the regional demographic
supply pressure differences. All of these devices control flow by one on two mechanisms:
regulating or restricting. Typical regulator and restrictor curves are displayed against a
backdrop of the supply pressure distribution. Although the regulator curve shown is a 2 GPM
device, the figure illustrates the predominant supply pressures and characteristic flows.

Flow rate curves for each model device are included at the end of this report. Figures 2-5 are
composite graphs of these individual curves and summarize the results.

Figures 2 and 3 illustrate the performance of the ‘new’ shower heads. Figure 2 displays the flow
performance curve for the regulators and Figure 3 presents the restrictor curves. Note the
'distinctly different profiles of the curves. This indicates that the shower heads control the flow
rate by two different mechanisms. The restricting mechanisms respond almost linearly with
increasing pressure, while the regulating mechanisms tend to dither around the set point
independent of supply pressure.

Figure 1. Explanation

for Average Shower
Comparison of Restrictor and Regulator Shower Head Performance Head Flow Rates Less
over the Range of Supply Pressures Than 2.5 GPM.,

Fiowrate for 10 Gallon Tosts [GEM]

1/16/95




1/16/95

B253

W2-2.5

31.5-2

B1-1.5

=0.5-1

E0-0.5

ELMM 94-67.1
Page 4 of 88

Overall Performance of New Regulator Shower Heads
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_ Figure 2, New Regulator Shower Head Flow Performance.
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Figure 4 presents the data for selected old shower heads replaced over the course of the program.
If these units are adjustable, they were tested “as found”. They generally showed higher flow rates
than the replacement units. Typically, the old shower heads performed like restrictors. Some of
the replaced units actually were ‘low-flow’ models. New units were evaluated at the most energy
efficient setting. Note the difference in the flow rate scale between this and the Figures for the
new shower heads. ‘

While many of the old shower heads can produce excessively high flows, demographic data
demonstrates that the actual in-service flows rarely exceed 4 GPM. The following section,
”DISCUSSION OF RESULTS”, explores this apparent inconsistency in results.

Figuré 4. Old Shower Head performance Summary

Overall Performance of Old Shower Heads
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Figure 5 presents a summary of the flow performance of the new aerators included in this study.
Faucet aerators all performed like restrictors

Overall Performance of New Aerators

=
g
g
g
s
E
=
Figure 5. Overall Performance of New Aerators.
DISCUSSION OF RESULTS

The results of the Laboratory tests suggest greater savings potential than is actually achievable.
Figure 6 summarizes the flow rates which contractors recorded for the old shower heads at field
sites before installing the new units. Field data indicates that the average flow rate of all old
shower heads is in the range of 3 to 4 gallons per minutefGPM], as opposed to the 5 GPM
reported for the laboratory tests.

Figure 6 includes data from only about 200 sites, however, the majority of the existing shower
heads produced flows in the range of those expected for the newer ‘conservation’ units. Several
factors may account for this discrepancy between field and laboratory data:
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Field Flow Rate Data for Existing (as Found) Shower Heads
[REMP and Paget Data]

i A O &8 >~ OV & (-3 ~ & B~ o [ ] - [} -

BEe ey eEsglggenrgrgegrtEs

-y -t e .y i - -t - e w{ e o L -t
Site Identification Number

Figure 6. Field Flow Rate Data Recorded Before Low-Flow Shower Heads Installed.

1. Residential pipe fouling factors. Older galvanized plumbing that predominates the older
home market corrodes internally. The accumulated build-up of oxidized material effectively
reduces the pipe size and flow capacity. In effect, the house plumbing serves as the flow
restrictor.

2. Pipe fittings and shower control fixtures. ‘Joystick’ style shower controls are designed
with small orifice valves and small diameter mixing tubes.
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Figure 7 presents a refined analysis of this disparity between the laboratory and field site results.
The data consists of the flow rate recorded for a particular shower head in its field location and in
the laboratory, when tested at the same supply pressure. The data is organized in order of
increasing laboratory flow rates. Notice the two data sets maintain a rough equivalence until flow
rates reach a magnitude of approximately 4 gallons per minute. At that point, the departure
between the two data sets is dramatic.

Comparison of Field & Laboratory Data for Old Shower Heads
Arranged in Order of Ascending Lab Flow Rate Data

12

e“"f
10

—a— Field Flow Rate
—o—Laboratory Test Flow Rate

A VAVR“AV ‘/r\]Avﬁymm\[ﬁ

Figure 7. Comparison of Flow rates for Shower Heads Tested at Field Sites and in The Laboratory

Figure 8 presents the same two data sets and adds the magnitude of the supply pressure to each
test point. Also included are two trend lines: one for the test pressure and one for the flow data
recorded in the field. The test pressure used for this evaluation is the value recorded at the field
site. Although the pressure data represents a high degree of scatter, there is a general upward
trend. Note how closely the trend line for the field data matches the results obtained by the
laboratory evaluation until flows reach a magnitude of approximately 3 gallons per minute. It
appears that the performance of a given shower head or the supply pressure are less critical to the
developed flow rate for flows beyond this value. This indicates that the attached plumbing circuit
regulates the maximum achievable flow. For the case of a shower head installed in a home, with
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Comparison of Field & Laboratory Data for Old Shower Heads
Arranged in Order of Ascending Laboratory Test Flow Rate
12 120
——— Laboratory Test Flow Rate
—a— Field Flow Rate ! //
101  —— Static Pressure ‘ 100
Linear (Static Pressure) 2.4 1701
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Figure 8. Comparison of Flow Rate Results Obtained for Old Shower Heads in Field Locations and in the
Laboratory.

long lengths of pipe and the associated valving, this flow is regulated to a magnitude less than

6 gallons per minute. The median flow rates are actually less than 4 gallons per minute. The
laboratory test stand, with significantly less pipe length and most important, no small-port
regulating valves, allows shower heads to develop much higher flow rates than are characteristic
of the devices installed in the field.

DETAILED DESCRIPTION OF TESTING AND RESULTS

METHOD

The time required to discharge a specified mass of water determined the test sample flow rate.
The tests were conducted with water heated to a nominal temperature of 40°C (105°
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F). A minimum of 3 and maximum of 10 samples of each device were tested over the full
pressure range of expected supply pressures [70 to 840 KPa (10 to 120 psi)] at ten preset
pressure magnitudes. The number of samples evaluated depended on the data variation recorded
for the initial three units. Once three samples were tested, the results were plotted and a third
order curve fit applied to the data. The agreement of the fit, or “R*” value was calculated. The
higher the “R?”, the better the agreement. To achieve a target of 0.90 agreement, additional
samples could be tested, as summarized in the schedule shown as Table 2

Table 2. Determination of Number of Samples to Test.

The large number of samples Number of Samples  Allowable Variation

included in the program Schedule I 3 R%>.90

prompted automating the test Schedule II 3 R*>.85
2

fixture to achieve significant Schedule II 4 R2.85

savings. A personal computer

(PC) running ViewDAC™, a data acquisition and control (DAC) package drove a Keithly
Model 575 DAC unit. The DAC system sequenced the test fixture, collected and recorded mass,
time, and pressure data, and calculated flow rates. The time required to fully test each sample
was approximately 1 hour. The automation also included the capability to load five individual
samples for sequential testing. This permitted additional unattended testing during non-working
hours. The data was analyzed using EXCEL™. This package also produced the presentation
graphics and curve-fit analysis.

A plumbing circuit, illustrated in Figure 9 was configured and instrumented to perform the tests.
Ten adjustable pressure regulators installed in individual branch circuits equipped with solenoid-
operated valves permitted sequential selection of preset test pressures. An additional solenoid-
operated valve, located between the regulator assemblies and the test sample, controlled the test
duration. Actually, five solenoids were installed in parallel at this location to permit unattended,
sequential testing of up to five samples. A strain gage transducer located immediately before this
main-line solenoid valve monitored supply pressure. Both the static pressure measured in the line
without flow and the dynamic pressure were recorded during the test.

A calibrated, 450 kg (1000 pound) capacity strain-gage load cell measured water mass collected
in a suspended container for a sample under test. A minimum of 38 kg (80 pounds) of water was
collected for each test pressure. This mass corresponds to 0.038 m® [38 L] (10 gallons). A
multi-staged centrifugal pump was used to supply water at 40 Liters per minute (10 GPM) at
830 KPa (120 psi). '
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Shower Head Sample Description

SHOWER HEAD _>__-_’_.>
) PRV}—)—3
TEST SET-UP PR

N PRV (S )
—___ Signal Lead Wire RV
——— Water Line ’ O—

A Direction of Path _ —1
Adustable Pressure Regulating Valve Ii’r&ssur Transducer
® Solenoid Operating Valve N - . _
/

PRV|—(8)

PRV

Datg

A

Control Signals.

Figure 9. Simplified Schematic of Shower Head/Aerator Test Fixture

The performance of new shower heads and aerators representative of those distributed by BPA is
characterized by two distinct types of flow curves:

° Restricting;

. Regulating.
The restrictor types typically showed linearly increasing flow rates with increased supply
pressures. The regulator types typically approximated constant flow rates over the common

range of supply pressures. Figure 10 illustrates the performance curve characteristic of each type.
Each data point represents one test. Ten gallons of water were run through the device at each of
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the ten pressure steps. If the spray pattern of any of these devices was adjustable, it was set to the
most conservative setting.

Comparison of Regulating -vs- Restricting Flow Performance Curve

3.5

25

Flowrate for 80 Gallon Tests [GPM]
- i 1)

e
n

0 20 40 60 80 100 120 140
Supply Pressure (static) [psi]

Figure 10. Flow rate Curves for Regulating and Restricting Shower Heads

All of the old shower heads removed from domestic service units were tested ‘as found’. The
spray patterns were not adjusted and any leaks not associated with connection to the test set or
obviously resulting from removal from service were not corrected.

The individual model test results are reported graphically. Table 5 lists the flow rate for each
device at each test pressure.

DATA ANALYSIS

A minimum of three of each device model was tested at ten different supply pressures. The test
data for all samples of a particular model was plotted on a scatter graph against the static pressure
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recorded for each individual test run. A third order curve was fit to the values and the agreement,
or R? value calculated. The magnitude of R? indicated how well the curve fits the data, higher
values indicate a better match. In some cases additional samples were run. This decision was
based on the agreement of the curve with the data. As an example, Figure 11 illustrates the test
data recorded for three samples of the same model and the subsequently produced curve fit.

Typical Shower Head Test Results
25 | | ]
) y = 7TE-06%° - 0.0014x* + 0.087x + 0.1759
1 R?=0.9641
2
E J
)
E 15 X
i d
s /
5 1 x BC2A
R {'/ o BC2B
£ n BC2C
& 1 o BC22AM
0.5
1 ez Manufacturer's Flowrate
1 ——3rd Order Curve Fit: Shower Mode Only
0 | | | |
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

Supply Pressure, Static [psi]

Figure 11. Ilustration of Typical Test Data and Curve Fit.

The object of the project was two-fold:
A. Assess the performance of each model purchased by BPA for distribution;

B. Determine the overall flow rate realized for all the shower heads installed over the
entire BPA service area.

The first objective was met simply by testing each of the available shower heads. That data is
presented in a following section. For each model, flow data is plotted against the stafic pressure.
This is the pressure measured in a plumbing circuit with no flow. The dynamic pressure, or
pressure magnitude measured during flow varies, with the flow rate. During periods of flow,
some of the static head is converted to kinetic energy. However, the difference between the static
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and dynamic pressures primarily results from losses due to ‘flow friction’ within the piping and to
components such as valves and fittings. Static pressure is a preferable comparative value as it is
more easily measured. It is a valid comparative value as the losses within the supply piping are

the same for all samples tested when the flow magnitudes are equal.

Accomplishing the second objective required determining two weighting factors. Data from the

REMP Site Pressure Weighting Data
y = 8.00000002931¢ - 0.00000728395: + 0.000325738025" - 0.00887957876x

+ 0.03960603 436

B = 0546004541

T 7

» REMP Welght

o1 -
Site Weighiing Fraciion /
005

/

=—Curve Fit of REMP Pressure

N

[} 2s »®» ‘.. 20
Mesa Supply Pressure (stadic) [pel]

190 120

REMP field study was used
to develop a curve fit
approximation that models
the typical pressure
distribution in the service
area. Figure 12 illustrates
the supply pressure data
points used to construct the
model. The data resulted
from a study group
consisting of approximately
100 sites.

Figure 12, Distribution of Supply Pressures Reported for the REMP Study Group

Combined Pressure Distribution Data: Puget & REMP
s
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Figure 13. Comparison of Supply Pressures for the REMP and Puget

Sound Area Study Groups.

1/16/95




ELMM 94-67.1
Page 16 of 88

A second survey of water supply pressures was conducted in the Puget Sound area. This study
group also consisted of approximately 100 sites. The Puget and REMP data sets are shown
together as Figure 13. The good agreement between the two studies helps establish the validity of
the relatively small sample size.

A second weighting factor was developed that reflects the fraction that each individual model
represents of the entire population of purchased samples. This information evolved from tallying
the purchasing logs. A listing of the different samples and the associated quantities are included in
a following section. Note that the representative samples available and included in this test
program represent more than 90 % of units purchased for this program. For the purpose of this
evaluation, the calculated, overall flow rates assume that this portion is representative of the total
population. Therefore, the results are an approximation of the actual situation, but it is a good .
approximation, especially considering the limited field supply pressure data.

These weighting factors were applied to the results for all new shower heads tested according to
the following algorithm:

D

P
Z[ (Flowrate of a given device @ a Given Pressure) * i]* J

]

Where:
Flow rates at specific test pressures are from the test data and subsequently derived curve
fits;
i = fraction a pressure represents of the overall pressure distribution, as shown in
Figure 4;
P = the test pressure ranges, from 69 to 830 kPa (10 to 120 psi)
j = fraction a particular device represents of the total installed population of those devices
tested;
D = the population of all devices available for testing.
DATA PRESENTATION

Key information produced in the performance of this project or provided from other sources and
used to develop analytical models is presented in tabular form. Where appropriate, the data is
also provided graphically in the next section.
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Tabular Data
The following tables portray:
° The water conservation devices purchased by BPA. Those included in this study
are noted.
° Flow rates for each tested device;

° Northwest static supply pressure distribution.
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NEW SHOWER HEAD DATA
Table 3. Listing of Devices Purchased and Tested.
Manufacturer Model Showers Test Shower | Manufacturer's
Purchased | Showers Fraction Fraction
ONDINE Ondine25 100 100 0.0002
OndineA 10000 10000 0.0177
28446 124360 125260 0.2219
29446 26505 26505 0.0470
28446/27418 900
933A 21000 21000 | 0.0372 0.3240
BRASS CRAFT BC2527 6213 6213 0.0110
BC2530 700
same as 2613? BC2531 12600
BC2573 198479 198479 0.3516
BC2574 43825 43825 0.0776
BC2610 3250 3250 0.0058
BC2611 19200 19200 0.0340
BC2612 950 950 0.0017
BC2613 1340 1340 0.0024 0.4841
NIAGARA N2131 600 600 0.0011
N2132 130 130 0.0002
N2133 3665 3665 0.0065
N2150 2612 2612 0.0046
N2151/2153 526 526 0.0009
N2800
N2900EarthShower 29850 29850 0.0529 0.0662
ETL ETL2001/2.5 7615 13240 0.0235
ETL2001/2.0 1000 1000 0.0018
BP01 2001 5625 0.0252
ALSONS 672BX 1689 1689 0.0030
632BX 40
670BX 10020 10020 0.0178
CEW CEW2000 18525 18525 0.0328
CEW2010 5320 5320 0.0094
CEW24CV 1319 1319 0.0023 0.0653
Whedon DS2B 850 850 0.0015 0.0015
RESOURCES ES270 17590 17590 0.0312
CONSERVATION ES410B 1365 1365 0.0024
ES971 1365
PP315 300
400P 20 20 0.0000 0.0336
TOTALS 579428 564443 1.0000 1.42928
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FLOW RATE CURVES FOR NEW SHOWER HEADS .
Tabled. Flow Rates for New Shower Heads Typical of Those Purchased for BPA Program /@ Ten Pressurcs §
Population Weighting Factors Represcnt Actual BPA Program Purchases of Shower Heads with Flow Rates Greater than 2.0 GPM
. Flow Rate [GPM) at each Listed Supply Pressure Purchased [Equal Population]REMP  Population E
Supply Pressures [psif: Population [Weighted Weighted [Weighted & Pressure i
Weighted
Model # Flow Type Detall R2 15 20) 30 40, 50, ao_ 70 80 90 100 110]Factor Mean Mean
Flow Flow
Alson 4 470139 Handheld .98 0.74 1754] 1.4385|  1.6443] 13042] 1.9 m_ .0322 1233 214 3168 4322 00207 18003 00375] 1934 00401
. 300 Jet Spray |H. Reichmuth-Provided Shower Head Samples .64 (.20 7799 0870 .2839] ,3938 4397 4448 4 429 4457 5182 12233 1.3873
190 Jet Spray {H Reichmuth-Provided Shower Head Samples . 48B! 9414 389 4 32 .1507] 20620 9777 927 429 532 20101 21068 N
Brass Cralt 2, H. Reichmuth-Provided Shower Head Samples X 4794 26! 668 .9122 10245 8 _1.9801 8857, ,184 6377 1 6758 1.9242 m
200 C2574 o Cutoff, chrome X 9887, 4 1.709: 8344 8709 414 .7684 .6744 .58 . 14912 00776} 16134 0 1253 1.7646 01370} -
0 C2527 __ [Handheld 877]__ 09887 1.4 .109: .8344 8709 8414] 17684 1.6744 L5818 1. 4 16134 1.7646
2 0C C2613___ [Handheld .973]__ 0.8258] 1.4 677 816 3 .8370) 415 9098 . 3 17737 1.856%
2. C2527 _ [Clark County Handheld 83 04687 1. 756! .0045] _21017] 20 19802 9 1.6656] 1.52 431 134 106514 19344, 0.0259
250 C2574 __[Clark County wiPet cock _ .989] _ 0.6662] 1.4 .8512]  2,1166] 2257s| 2.2992] 2.2674 6] 20852 1. 4 191 19152 21837 02601
2.50 3C2573  |White, Globe, w/massaye 44]__0.8241f 1.8 .9035] 2.1276 3 2 2487 2007]  2.1170] 20251 1.9526] 1. sig] 1917 21482 07554 %
Conserve .00 | CEW2010 _ [Handheld .974) 4976] 0. 1187 1.3358] 7] _1.6797] 1.8132] 1.9258] 20208] 2.1018] 217> 004] 15504 1,688 0.0159]
.25 | CEW2000S .994] _ 0.5430] 0.9304] ).1861] 1.4009] 1.5814] 1.7344] 1.8664| 1.9842] 2.0944] 22038] 2319 28] 16222 1.7463 00573 R
40 | CEW2.4CV 0.703{ 0.5691 0.9606] 1.2255] 1.4476] 1.6269] . .8570f 1.9078] 1.91s0] 1.8813 04 023 18417 1.7220 0.0040]
ETL 2.0¢ ETL2001 | SPA 0980} 0.8109] 1.2475] 1.5212] 1.7399] 1.9150] 2. ,1799] _2.2928]  2.4070] 25347 8 0023s] 19449 20714 00484 q
. 2001 ew Data Set of PNL 2.5 GPM 0.8326] 1. 54291 1.7772] 19724 2. ¥ 2.4009]  2.5174 6336 2.7573 00018] 20099 21485 00038
3 2001 H. Reichmuth-Provided Shower Head Samples 0.993|  0.7944 . un_ 1.4354 .6439) BI71 9632 .09 2 .4418]  2.5761 18613 1.9797 :
MASCO . ew Data Set of PNL 2.5 GPM 0.4669] 09650 1.2888] 1.5565] 1.3774] 1.9608] 2.1163 5030]  2.64%0 18107 1.9691
Niagara N2 .753| 04984 .8868]  1.1408]  1.3526] .5299 .680: . 2 163 2.2928 )01 1 5756 0.0017 16947 00018 ,,
N2 986 04791]  0.9074]  1.1868] 1.4190] 1. 775 K 7 .2856] 2419 00" 1.6849 0.0004] 1.7878 0.0004
N2 .997]  0.5198]  09422] 1.2219] 1 4572 823 . X 3295]_ 2.449 )06 16977 00110 1.8348 0.0119) ’
.5 N2151/2153 .989] _0.5976] 1.0260] 1.3195] 1.5759]  1.8014] 2002 184 354 2.6820 8. 0056] 19013 0.0106] 2.0336 0.0113
.50 | Easth Shower .914] 09921 17184 618] 2 2407 4 .277 222 1754 ,2784] 2,514 00529] 20873 0.1104]  2.2344 0.1182
.50 N2133 New Data Set of PNL 2.5 GPM L7681 1.0200]  1.2163]  1.368: 4889] _ 1.5884 6789 8793 0124 131713 1.4935 '
2. H. Reichmuth-Provided Shower Head Samples .999] 0. .8274]  LUISt] 1.3514]  1.545 .7062]  1.8426] 19637 . 1959] 2.3251 1.5757 1142
Ondine 2. same 23 29446, but 2.5gpm .905] _ 0.7395 .2405]  1.4676]  1.567 64 4845] 135 .1900 .8821]  0.7850 1.2090 13733
2.00 28446 |(eiched out 2.7) Same as 29446. no cut-off .040) 0.8 2314]  1.3N6]  1.434 3814F 1.2593]  1.09; 9081 .5822]  0.4917 1.0297 11539
2.00 29446 Same as 23446, wlcut-off 31 570 0371 129 461 562 6131} 1.63 .6371 67171 1.7481 14433 1.5789 g
.50 New Data Set of PNL 2 5 GPM 4641 0.9350] 1.24 4921 693 .867 008 i 3519 4673 1782 1.8711
.50 H. Reichmuth-Provided Shower Head Samples | 0.99 5828 1.1728] 1. 1.848. 73 229! .3222)  2.356 sl 2.2702 1597 1.9003 2.1558 ;
.00 933A Handheld 0.62 .5848]  1.1396]  1.406 1.5410] _1.5668] 1.507 .3850]  1.224 5| 0. 7404 0372}  1.1837 00440} 13814 0.0514 A
.50 0.84 .7185]  1.5614)  2.0134]  2.2982 4440] _ 2.4789]  2.4310] 23284 1992 6| 1.973] 28681 2047 0ss70] 23447 0.6724
Resource .50 RCI wlcut-off 0,99 5717 50| 1.2607 4946]  1.6935] 1864 .0126] 2.1459]  2.2707] 2.3934] 2.5208 0336)  1.7466 00587] 1.8795 0.0632, :
Conservation| 2.50 H. Reichmuth-Provided Shower Head Samples | 0.999]  0.4513] 0.9891]  1.3345 .6167) 840 203 .1992]  2.3433] 2.4816 253] _ 2.7859) 1.8829 20477 "
.50 ew Data Set of PNL 2.3 GPM 0.6619] 1.0180] _1.2604] 1.4706| S38] 1. .9598]  2.0928] 22 .3450] 2 4745 1.7247 1.8379 5
TeleDyne WP |_2.50 §S ew Data Set of PNL 2 § GPi 0.998] 053s9] 0974 2589] 14940 168 8512 1.9907] 2.1157] 22351]  2.3576 .49 1.1267 1.8629 -
50 [ New Data Set of PNL 2.5 GPM |__04057]_ 0943 .2799]  1.5463]  1.754 91641 _ 2.0438] 2.1458] 2.2432] 44 12338 1.9064 2
250 §S Super Saver 0998} 0.5359] 0914 22589]  1.4940]  1.68 8512 99071 213571 2.2351 .49 17267 1.8629 2
Whedon .50 DS28 0.998] 05851] 1.0206] 1.3067 Sa64] 17478] 1.9193] 206%0] 2.2053] 233631  2.4702] 2.6185 0oo01s] 18020 00027  1.9365 00029}
Overall 1.07764] 16917 2,0344 _._MS_ ».N:&_ .
Means:| 3
\
IS
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FLOW RATE CURVES FOR NEW SHOWER HEADS

Table 5. Field Study Pressure Data.

Supply Pressure [psi| Number of Sites
Low Mean High REMP | Weight
REMP 0 15 15 0 0
16 20.5 25 1 '|0.010309
26 30.5 35 9 0.092784
36 40.5 45 15 0.154639
46 50.5 55 15 0.154639
56 60.5 65 18 0.185567
66 715 77 21 0.216495
78 85 92 15 0.154639
93 100 107 2 0.020619
107 113.5 120 1 0.010309
Totals: 97
Puget 0 5 10 0 0
Sound 11 13 15 0 0
) 16 20.5 25 1 0.010101
26 30.5 35 3 0.030303
36 40.5 45 14 0.141414
46 50.5 55 15 0.151515
56 60.5 65 21 0.212121
66 70.5 75 17 0.171717
76 80.5. 85 12 0.121212
86 90.5 95 7 0.070707
96 100.5 105 4 0.040404
106 110.5 115 2 0.020202
116 120.5 125 2 0.020202
126 130.5 135 0 0
136 140.5 145 1 0.010101
Totals: 9 .
Table 6, Combined Field Pressure Data Used to Develop Weighting Factors
Supply Pressure [psi] Number
. of Sites
Low Mean High REMP | Weight
Combined 0 5 10 0 0
Data 11 13 15 0 0
16 . 205 25 2 0.010204
26 30.5 35 12 0.061224
36 40.5 45 29 0.147959
46 50.5 55 30 0.153061
56 60.5 65 39 0.19898
66 70.5 75 38 0.193878
76 80.5 85 12 0.061224
86 90.5 95 22 - 0.112245
96 100.5 105 6 0.030612
106 110.5 115 3 0.015306
116 120.5 125 2 0.010204
126 130.5 135 0 0
136 140.5 145 1 0.005102
Totals: -196 I
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‘OLD SHOWER HEAD DATA '
“The data for the shower heads removed from service is listed in the following Tables. Table 8 lists the flow rate for cach old model at the ten test pressures tested. Table 9 presents the data, weighted to reflect the regional
‘supply pressure conditions. Flows at the 7.5 psi pressure werc forced to zero to prevent reporting negative values developed from the curve fits,

. Table 7, Flow Rates for Old Shower Heads Typleal of Those Removed from Honres During BPA Program Implementation Ten Pressures
. Population Weighting Factors Not Available for These Models

. Equal Weighted Old Home Shower Head Flow Rates [GPM] Equal REMP A
Supply Pressure s (psi); Weighted Weighted

"Model # R2 75 | 20 ] 30 40 50 60 70 0 | 9% | o0 10 [MeanFlow [Mean Flow :
“Cranc 04415 1.51 Nm_ ~.mﬁm_ 3.8200 4.6060 5.2727 5.8396 6.3265 a.quuo_ 7.1389 7.5037 7.8673 54123 5.8728 \
Delta 0.7034 0.6912| 1.2868 1.6618 1.9599] 2.1939, 2.3761 2,5191 n.ouua_ 2.7374 2,8378 2,9490] 2,1680 23647 }
Kohler 0.5765, 1.6813 3.3603 4.4595 5.371 __ 6.1222] 6.7399 7.2511 7.6830 8.0625 8.4168 8.7729] 6.1746) 6.7411 .
Moen 0.8751 1.8186 4.0576 5.5371 m.ﬂua_ 7.7981 8.6420 9.3364 9.9127 10.4021 10,8358 11,2451 7.8508 8.6292
Ondine 0.1269] 1.2580 2.8606 3.8565 4.6384| 5.2436 35,7092 6.0725 6.3706 6.6409 6.9206 7.2467 5.1652 5.6762 3
Plumbs o.uuow_ 1.2360, 1,7807 2.1366 2.4309 2.6725 2.8702 3.0327 3.1689 u.nm.\u_ 3.3973 3.5071 2.6837 2.8725
PricePF o.ucmw_ c.mmao_ 2,2858 3.2611 4,1233 4.8869) 5.5662 6.1756 6.7293 7.2418 71214 8.2005 5.1895 5.6472 :
SAM o.umam_ o.wqou_ 2.1134 2.8518 34113 3.8329, 4.1574 4.4259 4.6793 4.9585 5.3046 5.7585 3.8518 4.1748
SAZp 0, _uwo_ _.aaum_ 1.9723 2.6015 3,2560 3.7898 4.0570 39114 3.2072 1.7984 -0.4611 3717 1,9872 3.2216 -
SMKF o.mwé_ 2.0100 3.7028, 5.0101 6.2071 7.2303 w.o_m__ 8.5011 8.6219 83148 1.5166 6.1637, 6.4813 7.6209
SSWPTEL e.eowa_ 0.6591 1.1 _uu_ 1.4077 1.6507, 1.8519 2.0208 2.1671 2.3002 2.4296 2,5648 2,7155 1.8983 20366,
Standard 0.9476] 0.2805| 2.4660| 3.8059 4.8360 5.6053 6.1630 6,5582 6.8399 7.0574 7.2596 7.4958 5.3061 6.0389)
STDYNEI 0.4335 1.5579)] 3.5156) 4.7146 5.6432 6.3529 6.8954 7.3222 7.6849 8.0351 8.4244 8.9044 6.2773 m.m%w_
STDYNE2 0.3821 1.7658 u.uomn_ 4.6300} 5.5471 6.2868 6.8785, 7.3516 7.7355| | 8.0597 8.3535 8.6462 6.2510 m.wg_ L
[STDYNE3 0.5970, 1751} 3.6998 a.mxoq_ 5.9658| 6.7862 7.4487, 7.9913 8.4519 8.8684 9.2788| 9.7209 6.8102 74438 t
Unknowni c.nomn_ 1.1611 2,5380) 3.3888 a.cuuo_ 4.5715 4.9736, 5.2962| 35.5746, 5.8439) 6. _wow_ 6.4955 4.5489 4.9655 . |
Unknown2 0.2569] 1.1371 2.6625 3.6396| a.auom_ 5.0865 5.6224 6.0776 6.4851) 6.8782 7.2899) 7.7534 5.188 __ 5.6511 :
Unknown3 0.3121 2.0526 3.3604 3.9510 4.2820 4.4878 4.7026, 50607 5.6965, 6.7442 83381 10.6126 u.umow_ 5.1547 :
WP 0.9981 0.9003 17115 2.2393 2.6754 3.0347 3.3320 3.5821 3.8000 4.0004 4.1981 4,4081 u.cmow_ 3.3425
\WPB12S 0.5082 1.0952 19511 2.5269 3.0173 3.4327 3.7836, 4.0805| 4.3339 4.5542 4,7520 4.9377 3.4968] 3.7950 .
\WPSA 0.4907 0.9780, 2.0614 2.7123] 3.2094 3.5879 u.wmmm_ 4.1292 4.3622 4.6169 4.9284 5.3318 3.6 _wn_ 3.9032 |
WPTEL o.qono_ 1.0416 1.4042 1.6976 1.9906 2.2802 N.uauc_ 2.8361 3.0963 u.uaoa_ 3.5653 u.qmqo_ ~.u30— 2.6337

| 4.6062] 5.0684 ,
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M ° AERATOR DATA
N u Table 3. Flow Rates @ Ten Pressures for New Aerators Typleal of Those Purehased for BPA Program
Population Weighting Factors Represent Actual BPA Program Purchases.
g Aerator Flow Rates Population
) Population Equal Pressure | REMP Pressure & REMP Pressure
R
i E Fraction of Supply Pressures (psi): Weighted Mean | Weighted Mean Weighted Flow Rate
|
Model # R2 Total Aerators 7.5 20 30 40 50 60 70 80 920 100 110 Flow Rate Flow Rate Fraction
CEW610 0.8566 0.1848]  0.4460] 0.7222]  0.9078] t1.0664 120190 L3183 1.4196] 1.5006] 1.5925| 1.6730 1.7522 1.2371 13285, 0.2455
! N3101 0.8684] 0.0064] 0.4287] 0.7369] o.eunw_ 1.0909, _.N_E_ 1.3188) 14017 1.4723] 1.5373] 1.6030] 1.6760 1.2196} 1.3189] 0.0084)
M ! ETLWBI150 0,5988 0.2482]  0.4316] 0.7462] 0.95 _o_ 1.1228] _.Nim_ 13838 14854 1.5755| 1.6598 1.7442 1.8344 1.2909) 1.3914 0.3454)
, TS350 0,9983 0.0255)  0.4541]  0.7669] 0.9715] 1. Iww_ 1,2853} 1.4048] 1.5068] 1.5970 1.6808] 17635 1.8517 13115 1.4123 0.0360,
CEW2001 0.9575; 0.0251] 05872  1.0498] 13500 _.uouw_ 1.7866 _.ouuq_ 2.0402] 2.108| 21529 2.1697]  2.1673 1.7221 1.9037 0.0477,
NIAGARA 0.4520 0.7144 _._o.:_ 14635|  1.7100f 1.9142{ 2.0839] 2.2268] 2.3508| 2.4635| 2.5727 2.6861 1.9412 2.0909
I DSI 0.8911 0.0212] 0.7158] 11868 1.4626] 1.6686] 1.8233| 1.9451]  2.0535 2,164t 2.2981] 2.4732 2.7078 1.8634 1.9692 0.0418
! DS$ 0.9840 0.1397  0.6590] 1.1762]  1.4747] 1.6937] 1.8543| 1.9777] 2.0852 2.1978]  2.3369] 2.5235] 2.7789 1.8871 2.0005 0.2795
N3103 0.6167 0.1212)  0.7667| 1.3542] 1.7420] 2.0663] 2.3359] 2.5596] 2.7460 29041} 3.0425] 3.1701  3.2957) 23621 2.5630 0.3106,
ES971B 0.9684 . 04617)  0.7939]  1.0213] 1.2184 _.ummm_ _.uuoo_ 1.6636]  1.7752|  1.8742] 1.9643] 2.0490 1.4315 1.5464
DS2 0.9584 0.2280}  0.7113 r~3__ _.mmno_ 17719 _.eﬁw_ ~.oaua_ 2.2127] 24120 2.6952]  3.0570 3.6518] 2.1242) 2,1597 0.4924
Overall Average 1.6719 1.7895 1.8072
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N2151/53 Shower Heads ,

-y =1E-06x’ - 0.0003x” + 0.0413x + 0.3032

x N2151A53
o N2151BS3 :
o N2151C53

Flowrate for 10 Gallon Test [GPM]

¢

£ 30

Supply Pressure, Static [psi] :

Figure 14. Nizgara 2151 and 2153 Model Shower Head.
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0.5

ETL2001 Shower Heads

0.0004x’ + 0.046x + 0.4899
R?=0.9804

40,00 60.00
Supply Pressure, Static [psi]

Figure 15. ETL 2001 ‘Spa’ Model Shower Head,
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A ETL2001A
x ETL2001B
e ETL2001C

e Manufacturer's Flowrate
=3rd Order Curve Fit
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ETL 2001 Shower Heads

x ETL HBPA10
o ETL HBPAY
o ETLH1
==3rd Order Curve Fit

Flowrate for 10 Gallon Test [GPM]

y = 1.373144751E-06x° - 3.413388173E-04x> + 3.966476856E-02x + 5.155433169E-01
R? =9,933641134E-01

Supply Pressure, Static [psi]

Figure 16, ETL 2001 ‘Spa’ Model Shower Head.. [Sample from 3rd-Party Source]
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ETL (2.5 GPM)

Flowrate for 10 Gallon Tests [GPM]

Supply Pressure (static) [psi]

Figure 17. ETL 2001 ‘Spa’ Medel Shower Head Provided by PNL.
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] . ' DS2B Shower Heads
3

2.5
=)
&
- 2
k.
[
2
& 1S
S x DS2BA
& o DS2BB
m 1 o DS2BC
E
m ===3rd Order Curve Fit

0.5

y = 1E-06x’ - 0.0004x® + 0.0438x + 0.276
R*=0.9979
0
Supply Pressure, Static [psi]

Figure 18. Whedon Model DS2B Shower Head.

The DS2B flow rate was a bit higher then expected, but some of the shower heads were from an earlier program specification. The
earlier program specified a flow rate of 2.5 GPM. \
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RC1 Shower Heads
3
y = 0.000001102752x’ - 0.000307733928x” + 0.040859598478x + 0.282051379265 ﬂ
| R’ = 0.996762367968
2.5
| =
, ©
, B
=
=
(-]
| 3 1s
@
weu{
t
S
| P
m 1
g e RCIB25
= o RC1C25
| 0.5
0

0 20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 19, Resources Conservation Model RC1 Shower Head.
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Super Saver Water Pik Shower Heads

I
I
i
i
i
!
|
!
i

e Manufacturer's Flowrate
—_— w...._ oz_w... n.:aé Fit

Flowrate for 10 Gallon Test [GPM]

- 0.000377986062x + 0.044584709855x + 0.222190915265
R? =0,997941610331

0 20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 21. Teledyne WaterPik Model SS1 Shower Head.
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N2133 Shower Heads
3.00

2.50

N2133A
N2133B
N2133C

R Y

= 1E-06x" - 0.0003x* + 0.042x + 0.2223

Flowrate for 10 Gallon Test [GPM]
=
th
S

AAAANEAAANYS

e=m=sManufacturer's Flowrate
——3rd Order Curve Fit

0.00 20,00 40,00 60.00 80.00 100.00 120.00
Supply Pressure, Static [psi]

Figure 23, Niagara Model N2133 Shower Head.
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470139 Shower Heads

,
|

x 470139A
e 470139B
o 470139C

Flowrate for 10 Gallon Test [GPM}

e===Manufacturer's Flowrate

==3rd Order Curve Fit

0 20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 25, Alson’s Model 470139 (Handheld) Shower Head.
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2000 Supreme Shower Heads

x 2000SA
e 2000SB
o 2000SC

e==Manufacturer's Flowrate
——3rd Order Curve Fit

2

¥ = 0.000001606161x” - 0.000390841745x + 0.043767864647x + 0.197624423936
R%=0.973840578644

20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 26. CEW Model 2000-S Shower Head.

ELMM 94-67.1
Page 35 of 88

P

ey B4




Flowrate for 10 Gallon Test [GPM]
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0.5

5

G y=1

E-06x°

N2132 Shower Heads

x N2132A
« N2132B
o N2132C

es==Manufacturer's Flowrate
——3rd Order Curve Fit

2

60 80 100 120
Supply Pressure, Static [psi]

Figure 27, Niagara Model N2132 Shower Head.
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CEW2010 Shower Heads

2 R? = 9,744498E-01

st

=
0 ]

v

—t

x CEW2010A
» CEW2010B ;
a CEW2010C ,
o CEW2010M

Flowrate for 10 Gallon Test [GPM]

1
7

—T T

Supply Pressure, Static [pai]

o~

Figure 28, CEW Model 2010 (Handheld) Shower Head. |

o
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Flowrate for 10 Gallon Test [GPM]

ES971B Shower Heads

N

y = 6E-07x’ - 0.0002x? + 0.0318x + 0.2341
R*=0.9684

x ES971PBB
¢ ES971PBc

e===3rd Order Curve Fit

20 40 60 80 100
Supply Pressure, Static [psi]

Figure 29, ES 971B Medel Shower Head,

1
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Ondine2.5 Shower Heads
2.5
%X Ondin25A
e Ondin25B
2 o Ondin25C
= .
)
515 ,
=]
c
(&}
S
g 1 |
£
g
m 2
0.5
y = 0.000004130538x" - 0.001008040403x" + 0.065265602237x + 0,305358591443 i
R? = 0.904970482696 |
c NN ”
Supply Pressure, Static [psi] .

Figure 30. Ondine25 Model Shower Head. W

This shower head was adjustable and had a maximum manufacturer’s flow rate of 2.5 GPM. All tests were conducted with the ;
adjustment set to the most conserving setting.
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BC2613 Shower Heads

;

A BC2613A

x BC2613B !

- R e BC2613C ,
- 0.0012x° + 0,0767x + 0.3176 !
e===Manufacturer's Flowrate .A

«==3rd Order Curve Fit

Flowrate for 10 Gallon Test [GPM]

ot s o

Supply Pressure, Static [psi] |

Figure 32, Brass Craft Model BC2613 (Handheld) Shower Head. ‘

All of the Brass Craft shower heads that were tested are adjustable. They all have shower and massage modes ]
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OndineA Shower Heads

% OndineAA
o OndineAB
o OndineAC

e====3rd Order Curve Fit

%

- 0.001257604730x* + 0.099176817246x + 0,043396036251
0.845020919250

Supply Pressure, Static [psi]

Figure 33. Early Ondine Model 28446 Shower Head.
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Ondine (2.5 GPM)

Flowrate for 10 Gallon Tests [GPM]

Supply Pressure (static) [pai]

Figure 34, Early Ondine Model 28446 Shower Head Provided by PNL.
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ES270 Shower Heads

iy = 1E-08x3-0.0003x2 + 0.033x + 0.3225
R2 = 0.7700

. . -

ES270A ES270!
ES270B ES270l1
ES270CC ES2701l
E8270D O ES2701V
E8270E & ES270V
===3rd Order Curve Fit

Flowrate for 10 Galion Test {GFM]

, 0 20 40 80 80 100
Supply Pressure, Static [psi}

Figure 35. Resource Conservation Model ES270 Shower Head.
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Sample ES270CC is the re-run of sample ES270C. All of the ES270 samples were run, because of the large amount of scatter and
variations in the flow curves from the earlier test runs. The restrictor in this particular model had a tendency to shift during testing.
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Brass Craft 2.5 Shower Heads

x BRASCRTA
e BRASCRTB
o BRASCRTC

e===Manufacturer's Flowrate
====3rd Order Curve Fit

R? =0,943535320569

Supply Pressure, Static [psi]

Figure 36. Brasscraft Model 2574 Shower Head.
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Brass Craft BC22 (2.5 gpm) Shower Head Flowrate Data
(From Howard Reichmuth Study)

=== 3rd Order Curve Fit

Flow Rate for 10 Gallon Test [GPM]

y = 5.194186093E-06x" - 1.279509669E-03x” + 9.470348989E-02x + 1.611285769E-01
R? = 8,590721339E-01

0 20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 37, Brasscraft Model 2574 Shower Head.. [Sample from 3rd-Party Source]
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. 672BU Shower Heads
3.00
2.50
=) .
B
©. 2.00
g
£
o 150 672BUA |
= 672BUB
.M 672BUC
£ 1.00 “=Manufacturer's Maximum Flowrate
g
2 ——6th Order Curve Fit
==3rd Order Curve Fit
0.50 -
+ SE-08x° - ,
0.00
0.00 |
Supply Pressure, Static [psi]
Figure 38, Alson’s Model 190 Shower Head.
Two polynomial curve fits were used for this shower head in order to obtain a better R-squared value. As can be seen in the chart .,
above, the regulator in this particular shower head attempts to maintain a 2.0 GPM flow rate.
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Alson's JetSpray 190 Shower Head Flowrate Data
(From Howard Reichmuth Study)

5.052420404E-06x° - 1.039768165E-03x* + 6.214135618E-02x + 1.074038437E+00
R? = 3,549815127E-01

Supply Pressure, Static [psi]

Figure 39. Alson’s Model 190 Shower Head.. [Sample from 3rd-Party]
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Alson's JetSpray 300 Shower Heads

D . L a

o HBPA4
o HBPA3
m HBPAS

===3rd Order Curve Fit

Supply Pressure, Static [psi]

Figure 40. Alson's Model JetSpray 300 Shower Head. [Sample from 3rd Party Source.]
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CEW 2.4 CV Shower Heads

Flowrate for 10 Gallon Test [GPM]

em==Manufacturer's Flowrate

——3rd Order O.Eéo Fit

R

Supply Pressure, Static [psi]

Figure 41, CEW Model 2.4 CV Shower Head.

It is not really known why there is so much scatter at the higher pressures for this shower head model. Regardless of the scatter from
this shower head, the flow rate is with in the allowable parameters that the manufacturer advertised.
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ES410B Shower Heads

0.0008x* + 0.0679x + 0.2663

R?=0.95

m ES410BA

Flowrate for 10 Gallon Test [GPM]

x ES410BB

o ES410BC

0 20 40 60 80 100 120
Supply Pressure, Static [psi]

. Figure 43, Resource Censervation Medel ES 4108 Shower Head,
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BC2612 Shower Heads

A BC2612A |
x BC2612B U

e BC2612C
4E-06x° - 0.0009x* + 0.0632x + 0.6099 BC2612AM ,

Flowrate for 10 Gallon Test [GPM]

e

AL e

e===Manufacturer's Flowrate
—3rd Order Curve Fit: Shower Mode Only

0.00 20.00 40.00 60.00 80.00 100.00 120.00

Supply Pressure, Static [psi]

-Figure 46. Brass Craft Model BC2612 Shower Head.
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BC2527 Shower Heads

BC2527A
BC2527B
BC2527C
BC2527AM - Massage Mode

Flowrate for 10 Gallon Test [GPM]

4E-06x° - 0.0009x* + 0.0611x + 0.5793
2 _
R"=0.8773 e Manufacturer's Flowrate

«===3rd Order Curve Fit - Shower Mode Only

e

Supply Pressure, Static [psi]

Figure 47, Brass Craft Model BC2527 (Handheld) Shower Head.
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BC2475 Shower Heads

BC2475A
BC2475B
BC2475C

0.0008x2 + 0.0564x + 0.5695 BC2475AM - Massage Mode
R?=0.8434 e===Manufacturer's Flowrate

Flowrate for 10 Gallon Test [GPM]

===3rd Order Curve Fit - Shower Mode Only

Supply Pressure, Static [psi]

Figure 48. Brass Craft Model BC2475 Shower Head.
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Flowrate for 10 Gallon Test [GPM]

N.

1

0

5

5

S5

Niagara Shower Heads

e NIAGARAB
o NIAGARAC

e—==Manufacturer's Flowrate
——3rd Order Curve Fit

0.000003950944x’ - 0.000956712522x* + 0

063490313499x + 0

R? =0.682727231094

40 60 80 100

Supply Pressure, Static [psi]

‘ Figure 49. Niagara Model Shower Head.
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0.5
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* 284460T Shower Heads With Zero Turns

A 28446A0T
X 28446BO0T
o 28446CO0T
=—Manufacturer’s Fiowrate

— 3rd Order Curve Fit

40 60 80
Supply Pressure, Static [psi]

Figure 51, Niagara Model 28446 Shower Head.
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001x* + 0
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| Assorted Single Samples Shower Head Flowrate Data
(From Howard Reichmuth Study)

3
2.5
2 -
L5 1
H 4
0.5 02x + 6.35E-02
62E-01
0
0 20 40 60 80 100 120

Supply Pressure, Static [psi]

Figure 52. Three Single Samples Provided by 3rd-Party Source. .
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Tested at settings as they were removed.
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MoenB
MoenC
MoenD
MoenE

Old Shower Heads removed From Service

Old Home Moen Shower Heads

Supply Pressure, Static [psi]

Figure 54. Moen Model Shower Head.
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Old Home Stanadyne Shower Heads

STDYNEE

STDYNEM
STDYNEN
STDYNEZ

Flowrate for 10 Gallon Test [GPM]

y = -5E-112€ + 2E-08x - 3E-06x%* + 0.0002 -
R?=0.6517

Supply Pressure, Static [pst]

Figure 55 Stanadyne Group ‘A’ Shower Head.
The Stanadyne shower heads consisted of two distinct models, which were grouped into several different flow rates. The two models were distinctive only by
size and not actual performance. The actual performance of each individual shower head greatly depended on the particular restrictor that was used with the
shower head. There were two different types of restrictors used with the Stanadyne shower heads. The shower heads with the most conservative flow rates are
shown above. These shower heads consisted of both Stanadyne models and had a rubber restrictor 6 cm thick, with five equally spaced holes, that were 2 mm
in diameter. The over all diameter of the restrictor was approximately 1.8 cm. An example of the discussed restrictor can be seen in Figure 42 below.

Figure 56. Five holed conservative flow rate restrictor..
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Old Home Stanadyne Shower Heads STDYNEAA .

STDYNEB
STDYNEC
STDYNEF
STDYNEG
STDYNEH
STDYNEI
STDYNEK
STDYNEL
STDYNEO
STDYNEP
STDYNEQ
STDYNER
STDYNES
. STDYNEU
STDYNEV
STDYNEW
STDYNEX |
STDYNEY |
STDYNEYY
STDYNEZZ

+ B &6 O @

+ & X X b =

Flowrate for 10 Gallon Test [GPM]

| y = 3.49E-06x" - 1.34E-03%* + 1.97E-01x + 5.61E-01
R* =9,73E-01

=

+ ® X X » H o

===3rd Order Curve Fit

0 20 40 60 80 100 120
) Supply Pressure, Static [psi]

S

Figure 57. 1 Stanadyne Group B Shower Head.

Stanadyne Group B had a significantly higher flow rate than Group A does. The restrictor used with these shower heads was a
stainless steel, one holed restrictor. The hole was approximately 3.5 mm in diameter, while the over all diameter of the
restrictor was 1.8 cm or .75 inches. The restrictor used in the above chart can be seen in Figure 44 below .
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Old Home Stanadyne -3 Shower Heads

10
, 9
_ + 0.481
| R? = 0.9378
! 8
g
9,
j M 6
| 5
; & s
< STDYNEA
: & 4 STDYNEJ
, 8 STDYNET
g .
('S
2
: 1
0

0 20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 58. Stanadyne Group C Shower Head..

The Stanadyne shower heads used to produce this chart did not have a restrictor in them when they were received. As a result, the
shower heads were run as they were received. This group of shower heads had a higher flow rate than the other two groups.
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Old Home Price PFister - 3 Shower Heads
3.6
3 y = 6E-07x% - 0.0003x? + 0.048x - 0.1217
R = 0.7468
M 2.5 |
2
M |
c 2
2
=
(0]
e
= 1.5 |
m »  PricePFA
B PricePFI
W 1 PricePFJ
L. |
0.5 .
o
0 20 40 60 80 100 120 :
Supply Pressure, Static [psi] \
Figure 59. Price Pfister Group A Shower Head. ) “
All of the Price Pfister shower heads are the same model. The shower head performance charts show a great deal of scatter, but these

shower heads all allow one to adjust the spray.
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Old Home Price PFister - 7 Shower Heads

PricoPFB
PricePFC
, PricePFD
, PricePFE
PricePFF
PricePFH
PricePFK

ememe=3rd Order Curve Fit

Flowrate for 10 Gallon Test [GPM]

= -9E-07x%-0.0001x% + 0.1008x + 0.4228

: 0 20 40 60 80 100 120
Supply Pressure, Static [psi]

Figure 60. Price Pfister Group B Shower Head..

The charts for the Price Pfister shower heads were grouped according to flow rates.
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Old Home Standard Shower Heads

. y = 0.000008185475x” - 0.002286018432x* + 0.232742379518x - 1.
, R? = 0.947558439006

x StandrdA
B e StandrdB

Flowrate for 10 Gallon Test [GPM]

e==3rd Order Curve Fit

Supply Pressure, Static [psi]

. Figure 62. Standard Model Shower Head.
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Old Home Ondine Type Il Shower Head

Flowrate for 10 Gallon Test [GPM]

-3E-06x° - 0.0007X° + 0.2391x + 1.0927

= 0.9993

AR S P

0 20 40 60 80
Supply Pressure, Static [psi]

Figure 64, Ondine Model 2 Shower Head Flow Rate Performance,

The Ondine Model 2 shower head, was broken and leaked like an open water hose.
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Flowrate for 10 Gallon Test [GPM]

0

000001746202x°

Old Home Water Pik B125 Shower Heads

0.000584343058x* + 0.083479832714x + 0
R?=0.508190475330

Supply Pressure, Static [psi]

Figure 66. WaterPik 125 Model Shower Head.

501252182982

X
*
o
L 4

ELMM 94-67.1

WPB125A
WPB125B
WPB125C
WPB125D

Page 74 of 88

The shower heads on the above chart are the same model, but test runs A and D are in shower mode, while runs B and C are in massage

mode.
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Ay ST

Old Home Delta Shower Heads

DeltaA
DeltaB
DeltaC
Flowrate
e==3rd Order Curve Fit

s

Flowrate for 10 Gallon Test [GPM]

0.000002084588x°

0.

000571346798x* + 0

062100145579x + 0,

R? =0,703366298156

Supply Pressure, Static [psi]

Figure 68. Delta Model Shower Head,

The Delta shower heads are adjustable.
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Old Home Water Pik Super Saver By Teledyne Shower Heads

3.5
N 0.000001587529x° - 0,000399305463x + 0.046373050320x + 0.333050814894
, 3 R?=0,903406787776
3
m N.m
I
= 2
=
o
- = 1.5
r [ ]
E
: 8
m 1 SSWPTELB
= SSWPTELC
SSWPTELD
0.5
: 0

Supply Pressure, Static [psi]

Figure 69. WaterPik Model Shower Head.

The WaterPik shower heads are adjustable.
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AERATOR FLOW CURVE PERFORMANCE DATA

CEW610 Aerator
| 25
M = 0,000000660397x" - 0.000194664933x* + 0.027043968995x + 0.253859758855
R? = 0.856598650396

2
| £
| S,

S 15
i =
| 2
| L]
| m CEWG610A
| € 1 CEW610B

m CEW610C
, (-]

=

0.5 e Manufacturer's Flowrate
“ ====3rd Order Curve Fit
0

Supply Pressure, Static [psi]

Figure 70. CEW Model 610 Aerator Flow Performance Curves
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CEW 2001 Aerator

=0,000000881583x’ - 0,000361119929x + 0.046401800462x + 0.259153070395
R?=0,957473641731

x CEW2001A |
.Q%Ss:w o
.
D

Flowrate for 10 Gallon Test [GPM}

CEW2001C
CEW2001S :

e===Manufacturer's Flowrate
——3rd Order Curve Fit _

s

rrT—

0 10 20 30 40 50 60 70 80 90 :
Supply Pressure, Static [psi] v

Figure 71. CEW Model 2001 Aerator Flow Performance Curves
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DS1 Aerator

20 30 40 50

Supply Pressure, Static [psi]

Figure 72. DS1 Model Aerator Flow Performance Curves
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DS2 Aerator .
3
R?=0.958387381183 |
* Nom
g
© 2
8
=
= .
o .
3 15
[—]
. -
)
3
X
m 1
[ )
(=]
m ®
©
“0.5
e===Manufacurer's Flowrate
3rd Order Curve Fit
. 0
0.00 10.00 20.00 30.00 40.00 50.00 60,00 70,00 80,00 90,00

Supply Pressure, Static [psi] A

. Figure 73, DS2 Model Aerator Flow Performance Curves
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0

5

000003531501x°

DSS Aerator

000715566816x* + 0

0589184

R? = 0,984045243796

Supply Pressure,

00341x + 0

Static [psi]

Figure 74. DS5 Model Aerator Flow Performance Curves,
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x DSSA
e DSSB’
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e==Manufacturer's Flowrate
——3rd Order Curve Fit
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25 ETLWBI150 Aerator .

y = 0.000000964520x’ - 0.000260205491x> + 0.031738672059x + 0.207839580691 ,.
R? = 0,998848645094

Py

ETL150A ,.
ETL150B _.
ETL150C

Flowrate for 10 Gallon Test [GPM]

e==Manufacturer's Flowrate X
——3rd Order Curve Fit :

Supply Pressure, Static [psi]

B

mgr—

. Figure 75. ETL WB 150 Model Acrator Flow Performance Curves.
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N3101 Aerator

=

'y e..sgssmsam 0.000286673129x> + 0.031888427907x + 0.205201165744
R? = 0.868414545103

x N3101A
e N3101B
o N3101C

Flowrate for 10 Gallon Test [GPM]

3rd Order Curve Fit

Supply Pressure, Static [psi]

Figure 76. Niagara Model N3101 Aerator Flow Performance Curves,
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N3103 Aerator

S y = 0.000001463482x’ - 0.000449316044x* + 0.058470138079x + 0.352782377913
R? = 0.616712607445

0o

S 4

B

O,

8

(gl

m 3

o

=

1)

]

L 2

m x N3103A

E ¢ N3103B
. e N3103C

e==Manufacturer's Flowrate
3rd Order Curve Fit

0

, Supply Pressure, Static [psi]

Figure 77. Niagara Model N3103 Aerator Flow Performance Curves.
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Niagra Aerator
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e NiagraB
o NiagraC

y = 0.000001291675x’ - 0.000366256399x* + 0.045503776504x + 0
R* = 0.451953281513

Supply Pressure, Static [psi]

Figure 78. Niagara Model Aerator Flow Performance Curves.
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Appendix G

Bonneville Showerhead Program
Distribution Methods by Participating Utility




Appendix G

Table G.1 Bonneville Showerhead Program Distribution Methods by Participating Utility®

“ Participating Utility®

Direct-
Install

Consumer-
Demand

Inventory/ I

Canvass Depot

" Ashland, City of

X

" Bandon, City of

" Benton Rural Electric Association

il
Big Bend Electric Co-op, Inc. (WA)

Blachly-Lane County Co-op

™

Blaine, City of (WA.)

>

Canby Utility Board, City of

Cascade Locks, City of

Central Electric Co-op

Central Lincoln PUD

Centralia, City of

Cheney, City of

Clallam County PUD #1

Clark County PUD #1

Clatskanie PUD

Clearwater Power Company

Columbia Basin Electric Co-op

Columbia River PUD

Columbia Rural Electric Assoc.

Coos-Curry Electric Co-op, Inc.

Consumers Power, Inc.

Coulee Dam, City of

Cowlitz County PUD #1

Douglas Electric Co-op, Inc.

Bast Bnd Mutual Electric Co-op
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Participating Utility®

Install

Consumer-
Demand

Canvass

Inventory/
Depot

Eatonville, Town of (WA)

Ellensburg, City of (WA)

Elmhurst Mutusl Power & Light

Emerald People’s Utility District

EBugene Water & Electric Board

R I I

Fall River Rural Electric Co-op

Ferry County PUD #1

Mo M

Fircest, City of (WA.)

Flathead Electric Co-op, Inc.

Forest Grove, City of

LN

Grays Harbor County PUD #

Heyburn, City of (ID)

Hood River Electric Co-op

Idaho County Light & Power Company

Idsho Falls, City of (ID)

Inland Power & Light Company

L

Kittitas County PUD #1

Klickitat County PUD #1

Kootenai Electric Co-op

Lane Electric Co-op, Inc.

Lewigs County PUD

Lincoln Electric Co-op, MT

Lincoln Electric Co-op, WA

LR N E R RN

Lower Valley Power & Light, Inc.(ID)

Mason County PUD #1

Mason County PUD #3

LR L L L L R L

Midstate Electric Co-op

Milton, City of

Milton-Freewater, City of

ol B Ll

Mission Valley Power, MT

Missoula Electric Co-op, Inc.

Monmouth, City of

Nespelem Valley Electric Co-op

R
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e

Direct- Consumer- Inventory/

Participating Utility® Install Demand Canvass Depot
Northern Lights Inc. X
Northern Wasco County PUD X X X f
OHOP Mutual Light Company X X X "
Okanogan Electric Co-op, WA X "
ORCAS Power & Light Company X X "
Oregon Trail Electric Consumer X X "
Pacific County PUD #2 X
Parkland Light & Power Company, WA X "
Pend Oreille County PUD X X "
Peninsula Light Company, Inc, X
Port Angeles Light Dept., City of X X
Ravalli County Electric Co-op, MT X
Richland, City of X
Rural Electric Company X X
Salem Electric X X
Seattle, City of X X X
Snohomish County PUD #1 X X |
South Side Blectric Lines,Inc.(ID) X
Springficld Utility Board X
Steilacoom, Town of (WA.) X
Sumas, City of (WA.) X
Surprise Valley Electrical Corp. X X I
Tacoma, City of X X
Tanner Electric X X
Tillamook PUD X X
Troy, City of (MT) X
Umatilla Electric Co-op Assoc. X X
Unity Light & Power Company, ID X
Vera Irrigation District #15 X X
Vigilante Electric Co-op X
Wasco Electric Co-op, Inc. X
Wells Rural Electric Company X X

® Excludes customer-designed
e e
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Appendix H Water- and Energy-Saving Measure Distribution
Methods Literature Review

Residential Conservation Service (RCS) programs have included water conservation measures for
many years. These measures were common in the early residential weatherization programs frequently
offered by utilities in conjunction with the RCS programs, as mandated by Congress in 1976.
Typically, RCS programs consisted of low, or no-cost measures distributed during the course of, or as
a result of, the RCS-required home-energy audit. Success rates for these measures are difficult to
derive from historic data, because results were typically reported for the program rather than for each
measure.

H.1 Overview of Distribution Methods

Residential energy efficiency measures can be distributed to interested participants in a variety of
ways. High-efficiency measures and delivery mechanisms were the subjects of a recent report by the
Rocky Mountain Institute (RMI) (Jones 1993). Information from that report is summarized in the
following sections. In simple terms, there are five primary distribution mechanisms that are used.
Variations on each, plus combinations of approaches, provide a wide range of program options. The
five basic mechanisms are

e canvass and delivery
® direct installation

¢ depot pick-up

e direct mail

e rebate.

The success of each of these mechanisms depends the vigor with which the overall program is
delivered. Program success can be determined by customer participation and by actual measure
installations. These can, in turn, be monitored a variety of ways. Although there is no reason that
both participation and measure installation cannot be 100%, participation and installation rates can vary
based on delivery mechanisms for several reasons. Participation requires an awareness of the program
and its benefits. This necessitates advertising, which is more effective if it demonstrates the program
responding to some crisis or need that the population is aware of (for example, water-conservation
measures, drought and water rationing, rising water and sewer costs, or water-table problems are all
strong motivators that can be used in advertising). Creating a sense of urgency and importance for
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water conservation is easier when the basis for the appeal is immediate rather than general. As a
result, the larger the geographic scale for the program, the more difficult it is to link participation to
specific local needs. Thus, programs operated at a local scale are likely to have better success than
those run at a regional scale.

The five distribution mechanisms require varying degrees of activity. The depot and rebate
approaches require participants to leave their home to obtain measures. The other three approaches
require different levels of participant actions including coordination with program staff. Program
participation, by itself, does not guarantee measure installation. Participants may obtain, but not install
measures. Further, incomplete measure installation can result from programs that do not provide
participants with sufficient measures or incentives to replace all inefficient fixtures.

Sections H.1.1 through H.1.6 describe each of the major distribution mechanisms, common
variations, and reported successes. Current information about the relevance of each approach to this
evaluation is provided when available. Note that the statistics provided in the following tables are not
consistent. Each implementation of a program affects results differently. Further, since each
distribution mechanism produces results at different points in time, preliminary results may not be a
good indicator of how successful a mechanism is. True participation would be determined by what
fraction of the total population participates when the program has been fully implemented. To
illustrate, Seattle City Light in Seattle, Washington, implemented a pilot canvass program that achieved
a 40% participation rate. Results from the pilot were used to revise program delivery, and
participation in a subsequent program included 65% of all customers. Eventually, over 90%
participation was achieved (Jones 1993).®

H.1.1 Canvass and Delivery

The distinguishing characteristic of a canvass program is that it includes wholesale distribution of
measures in one area during the same period of time. Typically, this means door-to-door contact to
solicit interest and simultaneous measure delivery. Variations include door-to-door solicitation
followed by delivery and solicitation by mail or other means followed by door-to-door delivery. The
strength of this method is that a large number of measures can be distributed in a short period of time
inexpensively. The weakness of this method is that it is difficult to screen drop-off sites for water-
heating fuel types, and number of showers, as well as recipients’ interest and their ability to install
retrofit measures. As a result, the number of measures replaced may fall short of the maximum
because recipients cannot (e.g., no tools or wrong parts) or do not install the measures, and/or an
insufficient number of measures are provided to retrofit all fixtures. Further, measures may be
distributed to sites that do not qualify, which increases measure costs without direct benefit.

Participation rates for this approach vary widely, as indicated in Table H.1. The statistics
presented in this and subsequent tables on participation rates are based on information provided to RMI
by program staff. Some are based on staff estimates and others on objective evaluations. Available
data are not sufficient to determine whether these statistics are for completed programs, or for

@ Personal communication with Debra Tachibani of Seattle City Light.
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programs in the early stages. Further, it is not clear from available data whether these statistics are for
participation in the program or for the fraction of fixtures replaced. The text in RMI’s report, High-
Efficiency Showerheads and Faucets, generally indicates these statistics are for program participation,
rather than for measure replacement.

Table H.1 Participation Rates from Canvass
and Delivery Distribution Method

Source Rate
“ Tampa, Florida 59%
" San Jose, California ~80% |
" Connecticut Water Company NA
" Seattle City Light (pilot) 40%
Seattle City Light (program) 65%
Pinellas, Florida 74%
" Edmonton, Alberta 40% I

The Bonneville Residential Appliance Efficiency Program (the Program), included the canvass
method. Summary documents for the Program indicate that 163,458 participants were reached through
this delivery mechanism. This represents 29% of all Program participants during the 1992-1993
evaluation period.

H.1.2 Direct Installation

Direct installation programs are those in which third parties install the measures as part of the
program design. Participants can be recruited through a variety of mechanisms, including canvassing
and direct mail. Direct installation is sometimes included as a feature in canvass and delivery
programs to ensure the participation of individuals who are unable to replace measures on their own
(e.g., the disabled or elderly). The strength of this method is that it ensures replacement of the
measures. It can also include features that maximize the number of measures replaced and screen out
inappropriate sites, which increases the savings per site. The primary weakness of this approach is that
it requires on-site visits, which can be difficult to arrange. On-site visits are also costly when
compared to other distribution methods.

Participation rates with this method are generally quite high, and participation always translates
into measure installation (Table H.2).
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Table H.2 Participation Rates from Direct

Installation Distribution Method
REMP Sites 66% H
REMP Showers 90%
Pasadena, California NA
Massachusetts Water Authority 59%
I Boston (Mass.) Edison NA
North Marin (Calif.) Water Dist. 85% max.
E Edmonton, Alberta 40%
H San Diego (Calif.) Utilities 94%
l Northeast Utilities (Connecticut) L NA

Direct installation was one of the more popular distribution approaches among Bonneville customer
utilities and accounted for the largest number of Program participants, 349,967, or 62% of the total.
The installation method did not exclude other methods, and utilities in the Program combined it with
other approaches.

Holo3 Depot PiCk-llp

Depot distribution utilizes a central depot for distributing measures. In this approach, participants
have to go to the depot to receive the measures. This method can also be combined with others. For
example, canvass and direct-mail methods can be used to reach large segments of the population
generating interest in measures and distributing retrofit kits, which may not be sufficient to replace all
fixtures in each home. Participants who want more measures may then be directed to a depot to pick
up the remaining measures. The strength of a depot approach is its low cost. In addition, access to
customer records permits some screening of participants to ensure that measures are distributed
appropriately. The primary limitation of this method is the same as for all self-installation programs;
namely, measures that are distributed may not be installed. Some programs address this issue by
requiring the exchange of old fixtures for new ones. The depot method takes longer to saturate a
market with measures than other approaches do, because participants have to visit the depot to receive
the measures. Without sufficient incentives, customers may defer this visit until they have to replace a
fixture, which could take years. As a result, statistics for program achievements are difficult to
compare with statistics for programs using other methods except in those that have been operating for
many years (Table H.3).
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Table H.3 Participation Rates from Depot Distribution Method

Source Rate

| Goleta (California) Water District NA

East Bay (Calif.) Municipal Utility District NA
Osage (Iowa) Municipal Utilities 65% E

Although "depot” describes the method used to distribute measures, it does not require any specific
program design. In the Bonneville service area, two program designs use depot distribution. The first
has been termed the "consumer-demand” method by Bonneville staff. The consumer-demand program
includes advertising and consumer incentives to encourage participation. As implemented by
Bonneville utilities, it often includes participant screening using customer records to verify eligibility
and requires the exchange of old fixtures for new. The alternative depot program design, called the
"inventory-depot” method, includes no customer incentives and very little promotion to generate
interest in the measures or program. The consumer-demand approach is the more popular of the two
designs, largely because Bonneville reimburses utilities that offer that method for their costs. No
reimbursement is provided for utilities using the inventory-depot method. Forty eight utilities
employed the consumer depot design to distribute measures to 44,058 participants, or 8% of the
Program participants. In contrast, five utilities operated an inventory depot program and reached 1,714
participants, or 0.3% of the Program total. Bonneville utilities employing depot methods often used
them to supplement other distribution approaches.

H.1.4. Direct Mail

Direct mail distribution methods rely on the use of mail mechanisms (including vendors other than
the U.S. Postal Service) to solicit participants and request and distribute measures. Typically,
participants are solicited through bill stuffers or direct-mail appeals using the utility mailing list.
Consumers who respond to these solicitations generally receive a water conservation kit, which
contains a mix of measures and some of the materials necessary to install them (generally no tools).
The strength of this approach is that it does not require a local base, so mail programs can be operated
directly by vendors or other remote third parties. This reduces costs for transporting and storing
measures. The primary weakness of this approach is that it relies on self-installation and makes
screening of eligible participants difficult. Accessing utility records may address this issue. Another
weakness to this approach is that vendor-based programs limit the measures customers can select. It is
not clear that customer input in selecting measures increases participation and installation rates;
however, it seems reasonable that it may (Table H.4).
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Table H.4 Penetration Rates from Direct
- Mail Distribution Method

Source

Connecticut utilities (various)

None of Bonneville’s customer utilities are using direct-mail approaches, although at least one of
the region’s major private utilities (Pacific Power) is doing so. The Pacific Power program includes
features designed to ensure both efficiency and effectiveness. The standard kit includes one high-
efficiency showerhead and aerators for one kitchen and one bathroom faucet. The packet also requests
the return of the old showerhead for testing and disposal. The showerhead return mailer includes a
form for additional measures printed on it. As a result, participants wanting more than one of each
type of measure have to return at least one showerhead. It is expected that the returned showerheads
will be tested to estimate potential savings.

H.1.5 Rebate Programs

Rebate programs typically offer to pay for a fraction of the cost of replacing an existing device with
a more efficient device. Utilities commonly use rebates to induce consumers to purchase high-
efficiency products as they replace their current stock of energy-using devices. The administrative
costs associated with rebate programs are often substantial and may equal or exceed the value of low-
cost measures. Comparing rebate approaches to other mechanisms is complicated by the fact that
rebates are typically used to replace measures that are at the end of their useful life. As a result, it may
take a long time to achieve high participation for long-lasting measures (Table H.5). Bonneville is
using rebates for high-efficiency water heaters.

Table H.S Participation Rates from
Rebate Distribution Method

Source
Pacific Gas & Electric (California)

H.1.6 Discounts and Other Program Options

The RMI report did not include programs that rely on discounted purchase mechanisms, perhaps
because they resemble the subsidy feature of rebate programs. However, many utilities operate
programs that offer discounted prices on measures purchased from the utility or substantial rebates for
low-cost measures. Some of Bonneville’s customers required a token payment for showerheads,
although that is not a specific program design feature. There is not a central source for the myriad
program design variations, so it is not clear how common this was. Customer payment for efficient
light bulbs and showerheads is a fairly common program feature among utilities outside the region. The
Bonneville program also permitted utilities to offer alternative program designs with Bonneville’s
consent. Additionally, utilities could purchase measures directly, rather than receive them from
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Bonneville. - Participation for these alternative programs was tracked by Bonneville, although the
specific program design features were not. Bonneville identifies these program options as "customer-
designed” and "customer-purchased,” respectively.

H.2 Summary

Bonneville utility customers used four different distribution methods during 1992 and 1993 to
deliver hot-water conservation measures. Two of these methods were depot methods. Many utilities
used more than one method during the course of each year. The favored methods were direct
installation and customer demand (Table H.6). )

Table H.6 Bonneville Utility Use of Alternative Distribution Methods

Number of Program

" Method Number of Utilities Participants Participants (%)

" Direct Install 79 349,967 62

" Depot (Consumer Demand) 48 44,058 8
Canvass 7 163,458 29
Depot (Inventory) 5 1,714 03
Total 557,483

Reviewing results from the other programs and the RMI report did not produce a single, reliable
answer to the question, "How many showerheads will be replaced under each distribution method?"
The REMP field study (Warwick and Bailey 1993) and the Puget persistence study (Bailey and
Warwick 1993) confirmed that direct installation programs achieve high installation rates (replacement
of all eligible measures), although both also identified barriers that limited maximum installation to less
than 100%. The REMP study was designed to replace the maximum number of showerheads, and it
achieved a 90% installation rate. As a result, this value (90% installation rate) was used as the
assumed installation rate for all direct-installation participants in the Program. The Puget persistence
study provided evidence that self-installation of showerheads results in retrofits about half of the time.
This rate is consistent with the participation rate data reviewed in this appendix, which reveals a wide
range in participation rates. Bonneville’s utilities generally required consumers to verify that the
measures they received through the Program were installed, typically through the return of an old
showerhead. This increased confidence that participation in the Program translated into installation.
Based on this information, a measure installation rate of 45% (50% of the REMP installation rate of
90%) was assumed in evaluating the Program:
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Appendix I REMP Study Load Shape Results

This appendix depicts energy use in the Regional End-Use Metering Project (REMP) as load shapes.
These are based on results from the REMP field study (Warwick and Bailey 1993).

1.1 Introduction

The typical water heater uses a constant amount of power when it is on, about 4,500 watts, and no
power when it is off. Accordingly, an hour-by-hour picture of energy use for a single water heater
would look like a series of spikes or lines separated by periods of no load (Figure 1.1 [Pratt 1991]).
When these loads are aggregated over longer time intervals the loads are averaged to include the zero
load, or no-load periods. This has the effect of reducing the apparent load. When loads are averaged
across multiple sites, a similar effect occurs. Averaging across sites is called diversification and the
resulting picture of loads is called a diversified load shape. Pacific Northwest Laboratory represented
the diversified loads in composite load shapes that reflected average loads for the year across the
sample. Load shapes were prepared to reflect the pre- and post-retrofit loads and the post-retrofit loads
were subtracted from the pre-retrofit loads to derive a load shape for the gross energy savings. The
annual load shapes of the hot water loads for the test or participant sample are presented in Figure 1.2.
The annual load shapes for the control sample are presented in Figure I.3. The shape of the annual
gross savings from the test and control groups is presented in I.4. The net annual load shape, derived
by subtracting the savings load shapes in Figure 1.4, is presented in Figure L.5.

I.2 Control Group: Net Load Shape

The savings apparent in the control group profiles and, thus the "net" load shape (Figures 1.3 and
L.5) were observed during a drought throughout the region in the post-retrofit monitoring period
(Appendix E). These results are open to interpretation for two reasons. First, the statistical
significance of the control group savings were slightly below the confidence level we selected for this
study. Nevertheless, we used them in the evaluation because they appeared to confirm anecdotal
evidence of drought-induced savings. Second, whatever savings are apparent result from an unusual
event, namely, the drought. The region had been haunted by drought conditions for six years prior to
the field study, however, the seventh year was the worst and resulted in the first response involving the
entire region. It was not deemed appropriate to assume that these effects would persist beyond the
immediate emergency. Finally, the shape of these apparent savings (Figure 1.3) suggests that
participants simply took shorter showers and thereby shortened the amount of time the water heater
needed to recover. This is a behavioral change that is easily reversed, rather than a structural change
that persists over time. It contrasts with the change in load shapes observed in the test group (Figure
1.2), where the loads decrease across the board due to the showerhead retrofit. Another perspective on
these savings is revealed by examining load shape changes for each month of the year.
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1.2 Load Shape Changes for Each Month

Hot-water heating loads vary over the course of the year (Figure 1.6-1.17). PNL'’s earlier analyses
of water-heating energy use attributed all of this variation to seasonal changes in hot-water heating
requirements rather than to standby heating requirements (Pratt 1991). Analysis of monthly load
shapes instead of annual averages reinforces our interpretation that the changes in loads and load shapes
observed for the control sites are transient phenomena. The control sites reveal their characteristic
peak clipping load shape beginning with the January profile (Figure 1.6). (The legend "net savings" on
Figures 1.6-29 refers to the net difference between the monthly pre- and post-period consumption.)
However, this change becomes less pronounced by late spring and disappears altogether by August
(Figures 1.6-13). In contrast, the test sites reveal a persistent downward shift in water-heating loads for
all months (Figures 1.18-29).

Energy Consumption (kWh)

Hour of Dav

Figure 1.1 Typical Hot-Water Load: Two Occupied Days

Figure 1.2 Pre/Post Hot-Water Profile for Test Sample
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Figure 1.5 Net Hot-Water Savings Profile
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Figure 1.9 April Hot-Water Profiles: Control Sites, All Days
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Figure I.11 June Hot-Water Profiles: Control Sites, All Days

1.7




—— Pre-Period Consumption
~~~~~~~~ Post-Period Consumption
N R Net Savings

1000
!

Average Consumption (Walts)

38
~
8
N
o
T T T T -
5 10 15 20
Hour of the Day
Figure 1.12 July Hot-Water Profiles: Control Sites, All Days
§ - —— Pre-Period Consumption
-t e -~ Post-Period Consumption
----- Net Savings
8 4
— <]
2
]
£ o
g 81
£
v
[=4
3 &4
&
2
z 8
N
o -

Hour of the Day

Figure I.13 August Hot-Water Profiles: Control Sites, All Days
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Figure 1.23 June Hot-Water Profiles: Test Sites, All Days
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