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According to the 2009 Residential Energy Consumption Survey, 1.2 million homes in CA have
swimming pools, representing approximately 15 percent of California’s single family homes. Of
these pools, approximately 30 percent are heated, with the primary fuel source being natural gas,
and 100 percent have filtration systems. Furthermore, pools in California represent
approximately 20 percent of all pools in the US.*

In 2008, NRDC commissioned Ecos Consulting? to write a report on potential energy savings in
pools, which is attached as Appendix A. While this report was written prior to the
implementation of the current Title 20 standards which require pool pumps and motors to have a
minimum of two-speeds, many of its findings are still relevant. The report estimated annual
energy costs ranging from $1.1 to 1.6 billion for residential in-ground swimming pools in the
US. The report found that the majority of these costs were due to electricity use, which it
estimated to be between 9 and 14 billion kWh annually, with 70 to 80% of this electricity use

1 2009 EIA Residential Energy Consumption Survey, “Table HC8.11: Water Heating in US Homes in West Region,
Divisions, and States, 2009” and “Table HC3.11: Appliances in Homes In West Region, Divisions, and States,
2009~
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due to pumping. The report estimated natural gas use to be between 36 and 63 million therms
annually. This electricity and natural gas usage causes national CO2 emission approximately
equivalent to that of 1.3 million cars and light trucks.

While some of the opportunities for energy savings in pools have been realized through the
current Title 20 prescriptive standard and utility programs encouraging the adoption of variable

speed pumps and motors, further savings from a performance standard are possible and we
encourage CEC to analyze a potential standard and benefits.

1. Basic Information Request:
1.1  Product definitions (there are definitions in existing code)

NRDC supports the implementation of a performance-based standard for single phase pool pump
motors under 5 HP.

1.2 Sales information related to pool motors/pumps sold in California.

According to RECS, there were 700,000 swimming pools with filters (indicating the presence of
a pump and motor) in California in 2001.2 This number had grown to1.2 million pools with filter
systems in CA in 2009, indicating the addition of an average of 62,500 pool filters per year.
These estimates do not include replacements.

1.3 Costs of lower efficiency pool motors/pumps, higher efficiency pool pump/motors,
variable speed motors, and two speed motors

No response.

14  Products’ duty cycle and per unit estimated energy consumption

No response.

1.5 Design life cycle and incremental cost of energy efficiency improvement
No response.

2. Product Information

2.1  Test methods to measure the energy consumption

No response.

2.2 Sources of test data

® http://www.eia.gov/consumption/residential/data/2001/pdf/hc/appl/hc5-7a_4popstates2001.pdf
*EIA RECS, “Table HC 3.11: Appliances in Homes in West Region, Divisions, and States, 2009”
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No response.

2.3  Energy Use Metrics

No response.

2.4 Product Development Trends

As described in further detail in comments submitted by the California 10Us, efficient pool
pump options have increased significantly over the last decade. In particular, advanced variable
speed pumps and motors have been developed that achieve significant energy savings. Despite
these advancements, there has been little progress on improving the efficiency of single-speed
and two-speed pump motors, despite the availability of low-cost technology options.

2.5  Market barriers to Energy Efficiency

There are several market barriers preventing the implementation of higher efficiency pool pumps
and motors even though they are cost-effective. These barriers include split-incentives (such as
the builder or landlord making the purchasing decision) and a focus on first cost, despite long-
term energy savings over the life of the product.

2.6 How do consumers identify efficient products on the market?
No response.

2.7  How many small businesses are involved in the manufacture, sale, or installation of these
products?

No response.
2.8 Any other data relevant to this proceeding

No response.

3. Residential Pool Pumps & Motors

3.1  Current annual sales 2008-2013 and estimated Compound Annual Growth Rate (in CA
and nation).

See response to 1.2.
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3.2  What pool pumps models are currently in the market, please provide
description/characteristics of the unit i.e. single speed, variable speed, and their efficiency.

No response.

3.3 Do higher efficiency pumps require additional equipment to operate properly in new or
existing pools Such as timers or controllers etc?

No response.

3.4  What are the time and installation cost to replace an existing system and how does that
vary with different efficiency and technology pool pump motors?

No response.

3.5  What test procedure should be used or modified to measure the efficiency of the
pump/motor?

No response.

4. Residential Pool Pumps & Motors

4.1  Are there any new features in pool motors/pumps that offer better efficiency from
existing units? Please describe.

There are many available features in pumps on the market today that improve efficiency. These
include improved hydraulic design, electronically commutated motors, and variables speed
controls and drives.

4.2  How many high efficiency units are in use in California, how much energy do they save?
No response.

4.3  Provide performance data related to pool motors/pumps i.e., total horse power, name
plate horse power, service factor, flow rate, and head curves.

No response.
5. Residential Pool Pumps & Motors
5.1 Is there a difference between units sold to residential and commercial sectors?

No response.
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5.2 Is there any survey done to gauge consumers’ acceptance and performance of the new
units? If so, what results?

No response.

5.3  How is pool pump motor energy efficiency marketed to residential and commercial
sectors?

No response.
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Executive Summary

Various research reports over the last 25 yearg laxestigated the energy savings achievable froghividual
swimming pool efficiency measures: more efficientmps, two-speed pumps, solar or heat pump watdingeatc.
This report examines a range of different enerdigiehcy measures to understand the savings opmitytérom
combinationf energy efficiency measures in new and exist@gidential in-ground swimming pools.

Uncertainties in total swimming pool energy use aemhigh, in part because of wide regional variadiin usage
patterns and a lack of region-specific measured.ddlfe estimate that the total national energyfoillresidential
in-ground swimming pools is between $1.1 and $lilBoib per year, with electricity used by pool pusp
accounting for the majority of the total. Totalnaml swimming pool energy use of 9 to 14 billion kVdf
electricity and 36 to 63 million therms of natugas causes national G@missions of approximately 10 million
tons per year — the equivalent of 1.3 million aiddial cars and light trucks on the road. By themes| residential
in-ground swimming pools consume the annual elgadtoutput of 3 to 4 average-sized coal-fired poplants.

That energy use is spread across roughly 4.5 mipimols, averaging $250 to $360 per pool per ydduis average
masks a wide range of energy use estimates fardiff climates, utility rates, usage patterns, @ow sizes, with
the pools in just five states (California, Floridaxas, Arizona, and New York) accounting for 58#the total and
more energy use than the pools in all the reshefstates combined. Not surprisingly, the greanetgy savings
are possible in pools that consume significantlyrenenergy than average, either because they arck raeee

heavily than typical pools or they are heated. &¥amined pool energy use in five cities—Los AngeRisoenix,

San Antonio, Tampa, and New York City — in ordercapture a wide range of weather conditions, peaksns,
and energy costs among the nation’s most populotdisapidly growing states.

Our research indicates that savings of $400 or fareome pools are possible by addressing inefiigies in pool
pumping. For heated pools, even more savings assilde by addressing thermal losses. Overall, wienate that
at least 2/3 of the energy use can be saved cfasttigély in new and existing pools through a serié holistic
design approaches:

» Select a properly sized, highly efficient two-spemdvariable speed pump. Variable speed pumps can
generally achieve greater efficiencies and, if prbpprogrammed, can reduce pool pumping energashy
much as 90%.

* Employ automated controls to ensure the pump rulswaspeed for longer periods of filtration anchagh
speed for short periods of pool vacuuming or wédature operation. Controls can ensure filteringuos
for no longer than necessary and that it occurghduhe times of day not coincident with the uyikt peak.
Automated systems may also provide real-time feekib@ owners about heating and pumping energy use,
so they can shut down pools for the season aslgeadists become prohibitive.

» Use pool cleaners that operate on low pressureeorodotic, self-contained units. These use sigaifily
less energy for cleaning than higher pressure tsdhbat require booster pumps.

e For new pools, design the piping system to useR or greater diameter piping in lengths that arelert
and straight as possible, and use sweep elbowsanhsif 90 degree bends. For sand and diatomaceous
earth filters, use larger diameter, lower-presfaekwash valves. Or, use oversize cartridge $ilter

e Covers help to reduce heating energy and wateesof®m evaporation, but the most commonly sold
floating bubble covers can be inconvenient andtramttve, making them less likely to be used redyla
Design the pool to utilize an automatic retractauyer if possible. While they cost significantlyora,
automatic covers can cut heating energy use sigmifiy, minimize the amount of debris that gets itlie
pool, and cut chemical use for pool sanitation afi. wAdditionally, they offer aesthetic and saféignefits
to the owner.



e Size the heater properly to the remaining load amtitipated swimming season, employing an efficient
technology such as a high-efficiency natural gastdre a solar thermal system, or a heat pump idstéa
conventional natural gas or electric resistanceopt

» If possible, install the pool in a location thaptaes maximum sunshine, shielding it from as muwatd
as possible, and avoiding debris from trees ansel@oil that would require added filtration anchoi@g.

Simply replacing a standard single-speed swimmimgl pump with a “high-efficiency” pump and motorcaave
260 kWh per year, according to research conduade®G&E (PG&E) by Davis Energy Group. Savings @40,
kWh per year can be achieved with a two-speed purdfficient variable speed pumps can reduce energy
consumption even more. Coupling these savings adidiitional savings opportunities from more effici@iping

and filters and better controls can increase anpuaping electricity savings to about 1,600 kWh year for each
pool. For pools that are heated for at least spongon of year, the additional energy savings ecéible from more
efficient heating equipment and employing a poaletare even greater. More than half of the natienergy bill

for swimming pools could be saved by optimizingithikesign at the time of installation.

ENERGY STAR®-labeled homes in the states wheregpam most commonly installed tend to save abob $@
$700 per year on energy bills, depending on hoize sccupant behavior, climate type, and the desitategies
employed. We have identified pool pumping enemyirgys of $250 to $400 per year, and heating ensagings
of up to $250 per year from efficient heating ahd tise of a cover. Giving an ENERGY STAR labehtbome
without considering the efficiency of its pool, dhe is installed, misses a very large opporturoty dditional
energy savings.Indeed the pool energy savings opportunity carabger, more coincident with peak, and more
cost effective than the comparable opportunitiestie home itself. However, pools are often constructed
subsequent to the home by a different contractm the original home builder, so the solution i a® simple as
adding pool criteria to efficient homes programs.

We make five recommendations to the energy effie@ommunity:

» Create a standardized software package that apjowaisdesigners and builders to model the energy use
high-end, custom pools, and to understand the gremgacts of particular component choices. This
software could also be used as a training tootiteate pool builders and consumers about the energy
impacts of components of typical pools and howgerate their pools efficiently.

* Once such software is available, it would be pdedibassign numeric scores to various efficiency
features. This could facilitate a system similatit® Home Energy Rating System (HERS) or various
green-built homes programs, whereby builders ne@ttumulate a certain number of points to achieve
particular rating levels.

e ENERGY STAR®, LEED, or other voluntary labeling grams should consider adopting specifications
for new pools that promote basic efficiency meastioe new construction.

« Utilities should consider deploying energy effiagrincentives and marketing programs keyed to those
voluntary ratings, to encourage installation ofaéht equipment.

» Utility-funded efforts to document user behaviod arerify energy savings in the field are also nekede

! Proper selection of heating equipment is depenaleon climate and pool usage patterns. High effiyenatural
gas heaters are appropriate for occasional ragitinge Solar thermal systems and heat pumps aaé fioiekeeping
a pool within a set temperature range for a longpgeof time. Performance of solar thermal systemd heat
pumps is affected by climate.

2 Pacific Gas & Electric Companfnalysis of Standards Options for Pool Pumps, Matand Controlsprepared
by Davis Energy Group, March 11, 2005
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1 INTRODUCTION

As more of the U.S. population has migrated to demched portions of the southwest and southeastsst
residential swimming pools have become increasioglymon. Today more than 4.5 million in-ground Isp8.5
million above-ground pools, and nearly 5.2 millioot tubs are in use residentially nationwid&his report focuses
on the energy savings opportunity represented kb nesidential, in-ground swimming pools, thoughamwf its
analysis could be applied to other pool types aB, w@nificantly increasing the total savings paial. The
research was funded by a grant from the U.S. Enwiental Protection Agency’s ENERGY STAR progranthe
Natural Resources Defense Council, with the goaliraferstanding pool energy use and exploring dbstte/e
ways to reduce it.

Much of the pool efficiency research done to dates werformed in the 1970’s and 80’s, primarily larlda. That
research led to a flurry of early interest in saad heat pump technologies for pool heating, wélé® focusing
attention on the energy use associated with watemppng. The Florida Solar Energy Center creatdtiveoe to

assist with proper solar equipment sizing, andDkepartment of Energy created Energy Smart Poolsvacd' to

help consumers understand the energy consequeheasaus pool design decisions. But in the lastatle, much
of this research interest has waned, with the DOHonger distributing its software and utilitiesctsing their
attention largely on pool pump timers and on neferef to replace oversized single-speed pumps piittperly

sized two speed pumps. Yet the national energyfdil swimming pools has never been higher, ingtia

reexamination of the factors responsible for swingnpool energy use and the technologies and steatdgr

curbing that energy consumption.

1.1 How Swimming Pools Work

At its most basic, a residential swimming pool é&hing but a lined hole in the ground with plumbigd a large
pump to push water through a filter and returnaithto the pool. But today’s designs employ comsilly more
components and technology than that. Pool shapesften elaborate, free-formed designs, integratéti
landscaping, lounging, and outdoor dining areasatéWis collected from skimmers on the pool surfacé one or
more drains at the bottom of the pool to more éffety capture dirt and debris. Chlorine can bepdnsed
manually into the pool, or chemical balance camiaéntained with ozonation, salt water, or bromipstsms, often
under automatic control. Pool vacuums can be desdigo operate automatically off of the pressude sir suction
side of the pump. “Robotic” or low voltage electdool cleaning systems are also available thaetraround the
pool to collect dirt and debris not automaticailyefed by the pool’'s other systems. Lighting audind are often
integrated into the pool area, again under aut@r@introl. Pools can include “water features” likk@intains,
waterfalls, and slides, or be integrated with agljihot tubs. Heaters are becoming an increasgmgtymon means
of lengthening the swimming season. Modern corgystems offer users the promise of full pool colnfrom the
comfort of their home or even via the Internet. téxnatic or manual covers can be fitted to the serfa keep out
debris, improve safety, and reduce evaporation.

% Personal communication, Loren Brown, PK Data, Gaky 10, 2006.
* Seewww.flasolar.com/energy_smart_pools.php




Figure 1. Basic Components of a Swimming Pool
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1.2 Market Challenges

The challenges faced by the efficiency communityniproving pool efficiency are numerous. Swimmiogpls
tend to be designed and operated based on establistiustry practices and “rules of thumb”. Homaews and
builders often select pool locations with greatigergtion to aesthetics than practicalities, pladimgm in locations
that are often shaded for part of the day, expdeegrevailing winds (which increase evaporation #eting
losses), and near trees that shed leaves anddethes into the pool.

They select pool shapes that are aestheticallyadipgebut difficult to fit with automatic coversedving users a
choice between a difficult-to-handle and often traative floating cover, an oversized rectangulaver, or no
cover at all. Pool designers and installers ofterpley familiar filter technologies and piping layisuthat are
undersized. The resulting hydraulic loads are taulbigl, requiring large pumps that are then ofterrsized to
provide an additional “margin of safety” for theeus Installers may compensate for the high cosuch pumps by
selecting inefficient ones to keep the project mithudget, further increasing energy use.

Installers then impart rules of thumb to the udmesua needed hours of pump operation, running ltenger than
necessary to maintain water clarity. Even after ol season ends and the heaters are shut afrevin mild
climates will often continue to operate pumps ailtdré during the off-season to keep the appearaffiche pool
attractive and reduce the hassle of preparingriuge the following year. Automatic controls aezdming more
popular in new installations, but are far less camrm the large number of already installed pools.

Even with natural gas prices having reached extieimigh levels in recent years, most pool heatélisesnploy
natural gas. Solar and heat pump technologieteasecommon, but growing steadily in markets likerida and
California where both function well.

As a result of previous research, several utilitiase begun to offer rebates for more energy efficpumps and
motors, particularly two-speed designs. Thesenarog often lead to substantial reductions in enesgyand peak
power demand, but typically have not addressed atbsign elements to further reduce the hydraabd lof a pool.
Similarly, it has been difficult for utilities toneourage sophisticated control strategies for poohping, so many
limit their efforts to installing automatic timetisat shift pool pump operation away from peak twvalthe utility to



defer pumping on command during times of peak gnesg. Historically, utilities have not been atdeemploy
synergistic approaches to reducing whole-pool gneig in part because the research has not beelucted to
suggest what approaches to new construction woakkrthe most sense.

Recently, however, PG&E and San Diego Gas & Elec{8DG&E) funded research in order to propose
comprehensive residential swimming pool efficierstgndards for the 2008 Title 24 California Buildikgergy
Efficiency Standard’s The proposed standards address pump motor seletid controls, pipe design, and filter
size selection. These standards are likely to betad in early 2008 and will take effect in 2¢09.

Similarly to the Title 24 report, the research ohick this NRDC report is based was conducted teszsshe
holistic energy savings opportunity representedwiynming pools. It asks what is possible from ltgtaptimizing
a new pool design while still maintaining sanitaticapabilities and water circulation and rates héglough to
maintain acceptable water quality. Five specifichihologies and approaches are considered, indilydand in
combination:

» Installing a cover to greatly reduce evaporatiwsés and the volume of debris that collects iptia

« Upgrading from a conventional natural gas heatea togh-efficiency natural gas heater, an eledtaat
pump, or a solar water heater (depending upon tdimad pool usage patterns)

* Reducing friction losses in piping, valves andfilier to minimize hydraulic loads

» Sizing the pump properly to the newly reduced loaudproving its electrical efficiency, and providitwo
or more operating speeds to allow low-speed pumgining the majority of operating hours

* Improving control strategies to ensure the pool pusonly operating as much as needed to effegtivel
clean and heat the pool and circulate chemicals

Many studies have already been performed on pumgapgrtunities. Rather than revisiting past aredysf the
savings to be gotten from more efficient singledoal-speed pumps, we looked primarily at the aoliti benefits
of variable speed models. We also devoted coraideattention to the savings obtainable from dagadttention
to proper hydraulic system design from the outsatypared to existing pools and many standard nes.on

In an effort to gauge the size of the opporturétynajor city in each of the five states with thegést number of
pools was selected for analysis. The same sedlofilations was performed for an identical pookath of these
cities and the results are presented here. “En@nggrt Pools” software was utilized to generatehtbat losses and
gains from a pool. The software was developedheyU.S. Department of Energy and uses hourly teatypes,
humidity, and solar data along with accepted ereging principles to make the calculations.

® See Pacific Gas & Electric Company and San Dieas & Electric, March 23, 200Residential Swimming
Pools: 2008 California Building Energy Efficiencta8dards prepared by Davis Energy Group

® For current status of proceedings, see the CalddEnergy Commission Title 24 Website,
http://www.energy.ca.gov/title24/2008standardsma&ing/
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2 BACKGROUND

Of the 4.5 million in-ground residential swimminggds in the United States, a full 58% are locatequst five
states—California, Florida, Texas, Arizona, and Néark. Only four additional states have more tH#&®,000
pools each (Figure 2). More than 10% of Floridd Anizona households have an in-ground gool.

Figure 2. Residential In-Ground Pools by State
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Sales are rising by 6% per year for new swimminglgcand 11% per year for pool heating systemslé\thany of
these systems are infrequently used, this sugtfestpool heaters are a growing source of eleaimit natural gas
demand in the residential sectoiSales are growing the most rapidly in the westemt southern states, mirroring
the rapid growth in new home sales in those regidD®OE data confirm the growth as well, althouglaaiower
rate, indicating that 3 million households had alpo 1980, but that 6 million households had one2001
(implying an annual growth rate of closer to 3.5%).

Energy use of pool pumps has been the focus of reaudies; however, the estimates vary widely. Adgthy
LBNL estimates that national electricity use fooppumps alone is roughly 1 billion kWh per year2®05, or just
over 200 kwh per year per pool. Recent data sugbastestimate is conservative. The DOE assumestianal
average of 1,500 kWh per year based on surveysuctediin 2002° Dividing the DOE estimate by all households,
instead of just those households with pools, yieldgstimate of 92 kwh per year. A 2004 study casioned by

" Personal communication, Chris Calwell, Ecos Cdirsyl February 10, 2006, Loren Brown, PK Data.

8 Personal communication, Catherine Hardy, Ecos @ong, June 2005, based on internet and telephuar&et
research.

? Seehttp://www.eia.doe.gov/emeu/reps/appli/us_tableLhtm

10 http://www.eia.doe.gov/emeu/recs/recs2001/endusk2@Buse2001.html
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the California Energy Commission reported annuall pump energy use of 2580 kWh in CaliforiaThe 2008
Title 24 analysis funded by PG&E and SDG&E estirdgt@ol pump energy use in California at just ovg08
kWh per year? A reasonable current estimate for a nationalayeis approximately 2,000 to 2,500 kWh per year,
recognizing that the swimming season is longer @if@nia than many other states. That averageksnasde
variations from region to region, with a handfulstétes using significantly more and the majoritystates using
less.

Estimates of pool heater prevalence and energyeugay widely as well. Pool industry data sourcescate that
about 35% or 1.6 million of the 4.5 million in-gnodi pools are equipped with heaters, though annoaishof
heating operation can range from thousands to zEpending on owners’ preferen¢ds.DOE’s Residential
Energy Consumption Survey (RECS) from 2001 inditdteat 1.2 million households had pool heatersabuhe

6.5 million households estimated to have poolsgfound and above-ground) with filtration equipmenthis

implies that about 18% of pools aable to be heated.DOE estimates that two-thirds of those heatels oa

natural gas, while the remaining third are eleaeiistance, electric heat pump, LPG, or othersyfeOur analysis
assumes that about 10% of pools are routinely Heathich is conservative, but consistent with NRigidings

below that many people with non-solar heaters hismtrarely if at all.

In electrically heated pools, heat pumps are irginggy displacing electric resistance heaters,ibig difficult to
find data on the precise split between them. DG&Lmes a national average of 2,300 kwWh ($207) ear for
electric heating of swimming pools, spas, and hbs!® This is an average for only the 3.3 million hcusids that
have such equipment, so the average usagdlfopuseholds is much lower — about 71 kWh per y&scause the
RECS data do not distinguish between pool and sp&ib heaters, it is difficult to attribute DOEtdar estimates
specifically to pools. While it takes far more emeto heat a pool than a spa, pools are only opérseasonally,
whereas spas can be in use year-round. Apporgopdol heating energy use and type by region i exere
challenging. Generally, heat pump heaters are effsttive in humid climates like Florida where ttitan readily
transfer latent heat from the air to the water whére the temperature difference between the dimater is small.

Given all of these uncertainties, our analysis oted that total in-ground residential swimming petectricity
consumption is approximately 9 to 14 billion kWhrpaar, with about 70 to 80% of that total attrdthle to
pumping. We estimate that pool natural gas consiomps about 36 to 63 million therms per year,irehy
attributable to heating. This implies an annuahswing pool energy bill of about $1.1 to $1.6 lwki Likewise, it
suggests total annual carbon dioxide emissions froal energy use of about 10 million tons — theieajant of 1.3
million additional cars and light trucks on the doa

It is also the case that homes with swimming peolssistently demonstrate higher energy bills tleahés without
them. Figure 3 illustrates the findings of a récB& Hydro research project exploring the energg ot large
homes in its service territory. Note that the hemith the highest annual natural gas (vertica)aand electricity
(horizontal axis) consumption tend to have pools.

1 California Energy Commission, June 20@4lifornia Statewide Residential Appliance SatwatStudyprepared
by KEMA-XENERGY, Itron, & RoperASW

2 pacific Gas & Electric Company and San Diego Gasléctric, March 23, 200Residential Swimming Pools:
2008 California Building Energy Efficiency Standsgr&repared by Davis Energy Group

13 personal communication, Loren Brown, PK Data, Baby 10, 2006.

14 U.S. Department of Energg001 Residential Energy Consumption Surii@ble HC5-1A, “Appliances by
Climate Zone,” 2003.

' http://www.eia.doe.gov/emeu/recs/recs2001/endusE2@use2001 . html
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Figure 3. Large Residential Homes Electricity and Gas Consumption
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BC Hydro determined that pools tend to add an aeera roughly 24,000 kWh/year to the annual eleityri
consumption of a large home in their service teryit Indoor pools add an additional 6,000 kWh/yieayond that,
primarily for the HVAC electricity to dehumidify ¢hrooms adjoining the pool. However, outdoor paolBritish
Columbia tend to use significantly more natural g&m indoor pools, which is consistent with thesiposure to
lower average temperatures and more wind. BC Hgdbe@nnis Nelson found that the utility’s averaggéahome
without a swimming pool consumed about 4.6 kWh/sgudaot of house size/year vs. 7.7 kWh/square yeat for
homes with pools? It is not surprising that these numbers are figmitly higher than our national estimates, since
BC Hydro was specifically examining the largest lesrwith the highest energy use in its servicettayri

Only a handful of published reports in the publonvain address the question of heater and coveinyseols. An
NREL study from 1998-1999 of pool owners in Califiar, Arizona, and Florida established a number of key
attributes of pool heating technology and usagéepa among the “users” and “non-users” of solaol peeaters
(see Figure 4). What is particularly striking abthese survey results is the large differencesige of pool covers
between California residents and residents of Avdzand Florida.

They also indicate low usage of pool covers andsistently longer periods of swimming pool use bgseh with
solar pool heaters. Industry data confirm thatyaaibout 120,000 pool covers are sold annually. y&2% of
builders sell a cover with the swimming pools theyid and, of those, only 24% are automatic coveBales and
usage of pools covers are likely to increase de standates and local ordinances begin to reqoiok govers for

'8 Dennis J. Nelson, BC Hydr&lectricity Consumption of Large Residential Hoppasster presentation, ACEEE
2006 Summer Study; and personal communication, Beéwelson, August 2006.

" Synapse Infusion GrouReport on Solar Pool Heating Quantitative Surveygist 1998-December 1998
prepared for the National Renewable Energy LaboyatdREL/SR-550-26485, April 1999, pp. 9, 20, 22.

8 «Uncovering the Potential Pool & Spa NewsAugust 2003.
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energy and safety considerations. For example, rufiidle 24, California is likely to require covefsr all heated

pools and spa$ In addition, the 2007 Energy Independence andr@gdct recommends that “safety” pool covers
be considered for state pool and spa safety regeines’.

Figure 4. Key NREL Survey Findings about Pool Heating Technology and Use
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19 California Energy Commissio2008 Building Energy Efficiency Standards — 45-Dapguage SECTION 114 —
MANDATORY REQUIREMENTS FOR POOL AND SPA HEATING SYIEMSAND EQUIPMENT, November
2007. Retrieved frorttp://www.energy.ca.gov/2007publications/ CEC-4@®2-017/CEC-400-2007-017-
45DAY.PDF
% Energy Independence and Security Act of 2007, H6 R307. Retrieved from
http://energy.senate.gov/public/_files/getdocl.pdf
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3 POOL TECHNOLOGIES

The major components of all pool pumping systenuge the pump, piping system, and a filter. Qmio
components may include a heater, cover, or some dfpool cleaner. Each of these components ifatitsone of
two larger pool system categories: heating & pumgpill of the above pool components contributette bverall
efficiency of the system in one way or another.

3.1 Pumping System

Swimming pools are often designed by contractors di not give full consideration to the fluid menls of the

resulting systems. They focus their designs ont\wiha worked for them in the past, and therefond te follow

“rules of thumb” for their designs that may per@géuprior mistakes. The problem is that theseakést are not
visible to the pool owner. For instance, a poaghwarge pressure drop or an oversized pump isopetating at
peak efficiency. This will not typically create yaproblems other than the fact that it is wastingergy -

unbeknownst to the owner.

For energy efficiency, the place to begin is wittoper system design. Each component in the pipygiem

(piping, fittings, valves, filters, heaters, etprpduces a pressure drop (friction loss) that rbesbvercome by the
pump. The total pressure drop in the system isnconty referred to as the total dynamic head. Eingdr the total
dynamic head, the greater the amount of power reduo achieve a given flow rate. There are maethods to

reduce the total dynamic head. A few of the mostmon include:

= Increase piping diameter

= Reduce piping length

= Reduce the number of sharp bends and turns inipliregp
= Increase the size of the pool return outlets

= Increase the size of the filter
= Increase diameter of backwash (or other) valveswynesent

Pump Selection

Once the system has been designed with the loatdtdynamic head, the second area for savingsojsep pump
selection and flow rate. Pump affinity laws inde&#hat the power demanded by a pump is propoitiorthe cube
of the flow rate. Stated another way, if pump flate is doubled, then its power demand is incibagea factor of
eight?* Therefore, it is important to utilize the smallpsmp that can still achieve system turnover imeceptable
amount of time. It must be noted, however, thé ihcreasingly common for some pools to use thanmpamp for
auxiliary functions such as fountains, water fadled slides. These additional features requireideretion in the
pump selection phase. The 2008 California Title484day language states that “each auxiliary poad Ishall be
served by either separate pumps or the systemtshakrved by a multi-speed punip.”

% This is the value predicted by theory, but acheaformance results are sometimes different. P@&d that
dual speed pumps cut their flow rate in half atltve speed, and should use 75% less energy (1tf8&adriginal
power for twice the time). However, conventionazed induction motors use only about 55% lessgygne
because of changes in pump and motor efficienéyaspeed. High efficiency 2-speed motors perfoary\close
to the theoretical predictions.

22 Callifornia Energy Commissio2008 Building Energy Efficiency Standards — 45-Dapguage SECTION 114 —
MANDATORY REQUIREMENTS FOR POOL AND SPA HEATING SYIEMSAND EQUIPMENT, p. 202,
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Research funded by PG&E and SDG&E for California@08 Title 24 Standards showed that in Califorma-t
speed pumps have an incremental retail cost of taB@d0 over single speed pumps of identical honsepo
ratings> While efficient variable speed pumps are moreeesjpve than single and two-speed pumps, preliminary
experience from the Nevada Power Pump Rebate Rnogdainistered by Ecos Consulting is that theirrgye
savings can lead to a payback of two years or’féBentair Water Pool & Spa has conducted reseaattstlygests
the payback for variable speed pumps in some agifilits is closer to one ye&rAccording to Gary Fernstrom of
PG&E, savings from efficient variable speed pumms approach 90% if these pumps are properly progesif?

The cost-effectiveness of variable speed pumpstmeasubject of a recent proprietary E-Source &rtRbol Pump
Offers Energy Savings and Unique Benéfits.

See Figure 5 below for a comparison of the annlealtricity consumption from several pool pumps lohsa data
from Pentair and the Database for Energy Efficiefgsources (DEER) program of the California Energy
Commission.

Figure5. Annual Energy Consumption of Pool Pumps

Pentair's IntelliFlo
variable speed pool
pump*

Efficient two-speed pool
pump, 1.5Hp

Efficient single speed
pool pump, 1.5Hp

Inefficient single-speed
pool pump |
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* Estimated by Pentair Water Pool and Spa based on actual field and laboratory meaurements
Source: Database for Energy Efficiency Resources (DEER) report of California standardized baseline power

consumption for pool pumps, personal communication with Jeff Farlow, Pentair Water Pool and Spa,
October 29, 2007

November 2007. Retrieved fronttp://www.energy.ca.gov/2007publications/CEC-4@02-017/CEC-400-2007-
017-45DAY.PDF

% pacific Gas & Electric Company and San Diego Gaslé&ctric, March 23, 200Residential Swimming Pools:
2008 California Building Energy Efficiency Standsrg. 5, prepared by Davis Energy Group

4 personal communication, Robert Roberston, Ecos@ting, October 26, 2007

% personal communication, Jeff Farlow, Pentair WBtEosl & Spa, January 17, 2008

% personal communication, Gary Fernstrom, Pacifis &&lectric, September 14, 2007

27 E-SourcePool Pump Offers Energy Savings and Unique Ben&igptember-October 2007, Tech News, Volume
8, Issue 9
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Pump Motor Efficiency

The California Title 20 standard defines a testhmétfor pool pump efficiency in terms of an “eneriggtor”
expressed in units of gallons per watt hour. Epdagtor is an attempt to standardize an efficiecognparison for
pumps. This metric is similar to other efficiencetmics (i.e. mpg, cfm/watt, lumens/watt) in that@mpares output
(gallons pumped) to power demanded or energy coadurithe energy factor can vary widely for diffarpamps
placed in the same pool system, and can even wanguimps of equivalent horsepower due to differerinenotor
technology. A pump is generally chosen to meetsygiem turnover in a given amount of time. Tite &so
prohibits the use of lower efficiency split-phasel @apacitor start induction run type motors.

Turnover Time

Turnover time is defined as the amount of time Béetb push the entire volume of the pool through fitier
system. Another “rule of thumb” for residentialgl® is that one turnover per day should be achideegroper
filtration. Since a typical residential pool daest have a sensor to monitor total run time orl tikdav over a period
of time, this rule of thumb has become an accestiadard in the industry.

Research by Florida Atlantic University found thiais rule of thumb is often not valid, and that ppomps spend
the majority of their time circulating clean wateFhe problem they observed is that skimming defoois the pool
surface required only about 30 minutes of pump afi@r, and additional pumping time did little titdr dirt from

the bottom of the pool unless it was being activaditated (with pop-up heads or a pool vacuum)effact, they
concluded that dirt tends to naturally collect ba top or bottom of the pool, and so dispersirand filtering the
entire pool volume makes less sense than attemtatifiler or vacuum the targeted parts of the gookhich most
of the dirt concentrates.

Florida researchers found that daily hours of puperation could be reduced from an average of fioids in the
summer and 6.65 hours in the winter to an aver&ge3d hours in the summer and 2.48 hours in theariwithout
diminishing users’ perceptions of pool water quafit Mechanical scrubbing of the pool walls and propeol
chemistry proved more important to deterring algemvth and keeping the pool clean than the numbhoors the
pump operates or its horsepover.

Commercial turnover times are specified by heattties at six hours or less. Much of the savingsetmbtained
from highly efficient variable speed pumps is imguercial applications, where they can be programieathieve
turnover times of exactly six hours, even if théefiis dirty. This allows motor speed, power, arergy to be
reduced during times when the filters are cleasteimd of sizing the pump to assume worst-case tipgra
conditions.

System curves are a measure of the hydraulic Igadina particular pool design. These can be plottgainst
various pool pump curves to indicate the combimatib dynamic head and flow rate that will be ackewhen a
particular pump is used in a particular pool. IBSegarves also help to predict how much more powdr he
required to overcome greater dynamic head, sugfhas a filter is dirty or a pipe is constrictedggegure 6).

8 Note that many pool efficiency programs recommiemgdspeed pumping for an increased number of hasirsn
energy-reduction measure.

% Roger Messenger and Shirley Hay@®jmming Pool Circulation System Energy EfficieBpyimization Study
Final Report submitted to Florida Power & Light Quemy and National Spa & Pool Institute by FloriddaAtic
University, October 25, 1984.

15



Figure 6. Pump System Curve
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Filters

The most common types of pool filters are sandpdiaceous earth (DE), and cartridge filters. Samdl DE filters
function more effectively as they begin to loadhndiirt. However, a dirty filter creates a signditt increase in the
workload of the pump. Cartridge filters do not &atis problem and can be cleaned more often withtiecting
filtering performance. Owners’ manuals recommedrat all three filter types should be cleaned whengressure
increases by 8 — 10 psi (18.5 — 23 f&hl over the clean filter pressure. This means tihatdifference between a
clean filter and dirty filter can nearly double theerall head loss of the system increasing thekwdmne by the
pump (see Figure 7). The energy savings from sirkeéping the filter clean can be significant. SThiso applies
to keeping the skimmer basket free of leaves ahdratebris. It is difficult to provide exact engrgavings figures
to consumers from keeping filters clean, but thisuld be one of the easiest, most straightforwaratesgies for
minimizing the energy use of an existing pool.

Cartridge filters lead to additional energy savirvgs sand and DE filters because they do not redeéickwash
valves, which typically add another 12.5 ft of héadhe system curves shown in Figure 5. Whiletyipe of filter
installed is often a personal preference, the gnsayings of using an oversized cartridge filtereduce overall
system head loss is well documented.
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Figure7. System Curveswith Cartridge Filter
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The pump is usually controlled by a timer and setun daily for a fixed number of hours. As thiefi loads up
with dirt, the flow rate starts to drop, meaningttless water is being circulated through the systach day. This
is true whether a single-speed or dual-speed pumgilized. A variable speed pump will automatizahake

adjustments to the operating speed to ensurehtbdlaw rate is maintained regardless of systend hess.

Two-speed and variable speed pumps can be veryeffestive and generate energy savings by operdtieg
majority of hours at low flow rates. High flow eat are often needed to initially prime the pumgilbia solar
system with water. High speed is also needed twate most types of pool sweeps. Multi-speed mysteave
timers or other controls that will start them omthispeed for as long as necessary and then redenetb low
speed for the majority of time needed to circulatder through the filter or solar system. Theyagy effective at
producing energy savings.

Filtration systems operate according to the prooésilution. Each gallon of water that passestigh the filter is
a little cleaner than the gallon that precededitme systems, such as pop-up cleaning heads signek to stir the
dirt up off the pool floor and get it back into stibn and then filtered. Therefore, a pool sweggien is likely to
operate fewer hours to remove the same amounttodsia pop-up head system.

3.2 Heating System

Conventional Systems

Electric resistance heaters for pools are prokidlifiexpensive to operate, and are no longer witheftalled in new
pools. Natural gas heating systems are far mamam, and tend to operate at thermal efficiencfesbout 78%.

Higher efficiency models can be found with therra#ficiencies around 82%, while premium efficiencydels

operate at thermal efficiencies greater than 9@lgnificant energy savings are certainly possibiedgh use of the
highest efficiency models. However, in certain @tes, dramatic energy savings are also possihie $mitching to

solar thermal or heat pump heating systems.
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Solar Thermal

Solar water heating can be very cost-effective bgeahe collectors are often made of unglazed bfdaktic

instead of expensive copper tubing, aluminum hassimsulation, and low-iron tempered glazing. yrheat large
volumes of water by only a few degrees at a timling advantage of existing pumps and plumbingittimize the

additional equipment needed. Payback periodsfaea only 2 to 3 years in ideal climates like Fitarior Arizona,
especially at current natural gas prices. Thoeglefal tax credits exist for other types of sdh@rmnal applications,
the most recent Energy Policy Act specifically exigdd “recreational water heating” applications Ip@ols and
spas from consideration.

Solar collectors can require an area equal toast lealf of the pool area in order to make a sigguift contribution

to heating, which creates practical and aesthéatlenges in many residential settings. In addijtenlar panels are
generally installed flat on the roof of a house \diatever pitch the roof already employs). Oftansouthern

exposure is not available and roof area limitssilze of the array.

Figure 8. Diagram of a Solar Pool Heater®

Their greatest drawback is that they generate pagdut when the pool itself is often already wammowgh, so they
need to be designed and oriented carefully to extba heating season but not attempt to operateruneezing
conditions. It takes some skill to size solar wditeating systems to the most cost-effective lewblsugh on-line
resources from DOE and software from the FlorideiSBnergy Center can help.Systems that are too small need
regular natural gas backup; systems that are tgomMould be expensive and would either overheatpiba or
require an additional “heat sink” where excess luwatld be dumped. In addition, some solar thermgatesns
require booster pumps because they can preseghadial dynamic head. To minimize any related teles load,
consumers should seek out solar thermal systernprdsent a low total dynamic head.

Some of the most advanced solar thermal desigegratie domestic hot water, domestic space heaimd) pool
heating into a single system with fully glazed eotbrs. While much more complex and expensive tipital
solar pool heaters, these systems have a numtzetvahtages. They can be sized to meet 100% ofeidneround

%0 www.eere.energy.gov/consumer/your_home/water_gfridex.cfm/mytopic=13230

31 Seewww.eere.energy.gov/consumer/your_home/water hepatatex.cfm/mytopic=13250
www.eere.energy.gov/consumer/your_home/water hgatiotex.cfm/mytopic=13280and
www.fsec.ucf.edu/solar/apps/poolhtg/poolszg.htm
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domestic hot water demand, providing supplementélvater to domestic space heating during the wiatel
supplemental hot water to the swimming pool inghenmer, thus avoiding the need for a dump load.

Solar systems need to operate during the day aatdplsenps are more efficient operating during the (@ehen the
outdoor air temperature is the warmest). Thislse ghe time of the day when electric utilities peahuring the
summer. While they may be able to generate ergagings, they may actually add to peak electrid$oand could
cost the owner more to operate if they were ome-#f-use electric rate.

Heat pumps face similar challenges gaining wideeptance. They can be very efficient in humid ctesawith
modest seasonal temperature swings (such as tlibe@st), but are often less efficient in dry cliesatparticularly
when nighttime temperatures drop below 40 degr@esponents argue that heat pumps can cut thethsating a
pool bye§20% compared to conventional natural dasséd in an optimal (warm and humid) climate, tlowthers
disagree:

Covers

Bubble covers are also referred to as “solar” ceverhey are similar in appearance to a large stiebubble
packing material and are typically made of bluelear plastic with UV inhibitors. If the pool ighted any portion
of the year, a pool cover is the most cost-effectiing that a user can do to achieve energy sawivith a
swimming pool. The cover reduces evaporation fitka pool, which is the primary component of heaslo
Covers also reduce the convective and radiaticseksut only slightly. On an annual basis, a coae reduce the
evaporative heat loss from more than 60% to lems #0% of the total.

A basic bubble cover will typically range in prit®m $50 - $100. The water savings alone are emaagustify
the minimal cost of a bubble cover even if the gealnheated. As an added benefit, a cover omhaated pool in

a sunny climate will typically raise the temperatof the pool by 10°F, extending the season dusihigh the pool
may be comfortably used. Increasing the tempezaififi gallon of water in a pool by 1 degree F mexpu8.3 BTUs

of heat inpuf® But when 1 gallon of already heated water evapsréiom a pool, it takes approximately 8,700
BTUs of heat with it, which need to be replacedhvetibsequent pool heating to maintain a constampeeature.
More than 50 gallons of water evaporate from amaye pool every da¥. This suggests that national evaporation
losses from in-ground pools are perhaps 200 milljallons of water per day — enough to meet theydedlter use

of 5 million homes”® Covers can reduce the amount of make-up watatetem a swimming pool by 30 to 50%
and can cut chemical use by 35-68%.

Automatic retracting covers are a higher-end aéteéve to bubble covers. They are typically mouniedround

during the installation of a new pool. An electmotor unfurls the cover by pulling it along trackeunted on both
sides of the pool, making it very convenient to eothe pool whenever it is not in use. These last much
longer than floating bubble covers and provide tyafglvantages (they can support the weight of agmerho

accidentally steps on them), but are also far nesymensive. They are also intended to be used reitangular
pools rather than kidney-shaped or free-form desigfihese systems can cost $5,000 or more atriteedf pool

installation, so are difficult to justify on cosffectiveness grounds alone. However, they offesrgf aesthetic,
safety, durability, and convenience advantages bubble covers, and may allow some users to av&icheed for
code-required fencing around the pool area.

%2 Tom Lane Solar Hot Water Systema004, pp. 162-164.

% The energy consumption to accomplish this wilehgreater number of BTU’s due to efficiency lossethe
heater itself.

34 Seewww.nspi.org/ProfessionalResources/Government+Relst Facts+about+pool+water+usage.htiNote
that this value would vary depending on the tenpeeaof the evaporated water

% Seehttp://www.awwa.org/advocacy/pressroom/STUDY.doninformation regarding average annual water
usage by North American homes.

%5 Things You Should Know About Coverd?bol & Spa Newsonsumer handout
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4 EXISTING POOL EFFICIENCY REGULATIONS &
PROGRAMS

The most important recent developments on the pdhndscape have been two mandatory standards oy th
California Energy Commission: Title 20 and Title. Zzhe 2006 Title 20 Appliance Efficiency Regulatoregulate

all pool pump motors and controls sold for new ¢amdion or existing retrofits. Title 24, which Ikely to be
finalized in early 2008, references the Title 2@ulations. The proposed measures address entilesgsiems,
including pool heating, pumping, system pipingréition equipment, pool equipment controls, andecsvTitle 24
provides broader coverage of efficiency measuras Title 20 does, but it applies only to new camngion.

4.1 Covers

The 2005 Title 24 standard requires all new pdads tlo not have at least 60% of their annual hgatirergy from
site solar energy or recovered energy to have d@mer. The new Title 24 2008 requirements angeeted to
make a pool cover mandatory for all heated pobtsigh no preference is expressed in the requirenfenfloating
bubble covers versus automatic retracting oneadttition, the recently adopted Energy IndependanckSecurity
Act of 2007 addresses the standby power of podkheand recommends that states consider safetycpoers as
part of pool safety requirements.

4.2 Pumps

Title 20 mandates that “pool pump motors manufactwon or after January 1, 2006 may not be splis@la
capacitor start — induction run type.” Additionalfpool pump motors with a capacity of 1 HP or ma#gich are
manufactured on or after January 1, 2008, shak ltla& capability of operating at two or more spegids a low
speed having a rotation rate that is no more tmeahalf of the motor’'s maximum rotation raténd “Pool pump
motor controls manufactured on or after Janua008 shall have the capability of operating thel poonp at least
two speeds. The default circulation speed shathbdowest speed, with a high speed override ctipalbeing for a
temporary period not to exceed one normal cyéleThe Title 24 proposal sets forth additional poainp
regulations that include parameters for minimumawer time and programmable controls.

4.3 Heating System Efficiency

The Title 24 standard proposal requires heatingesy®fficiency that is in compliance with the eixigt Title 20

Appliance Efficiency Regulations. Those specifpi@aimum thermal efficiency for oil and gas firedaters of 78%
and a minimum efficiency for heat pumps that is dverage of low temperature and standard tempera#tings
with a minimum COP of 3.5. The Title 24 proposibabans electric resistance heating (with two ptioas) and
pilot lights, and requires an on/off switch on theating unit so that the thermostat does not nedxb tadjusted in
order to turn the unit off.

4.4 System Piping

The Title 24 proposal has design requirementsystesn piping including water velocity limits, sweellbows, and
pipe lengths between the heater and the filterbafidre the pump.

4.5 Current Utility Programs

A brief review of current utility programs to proteoenergy efficient pools indicates that PG&E aedesal other
electric utilities have offered or currently offegbates to customers who replace conventional esisggbed pool
pump motors with smaller size, highly efficient glierspeed, two-speed, or variable speed motorsentive
programs for the installation of high-efficiencytmal gas or heat pump water heaters for residgmtials were not
widely evident. However, PG&E and Southern Califar@as Company offer rebates for high-efficienciure gas
heaters in commercial pool settings. Recognizingewaavings, water utilities sometimes offer rebat@ the

37 Callifornia Energy Commission, 200&ppliance Efficiency Regulation€EC-400-2007-016-REV1, Section
1605.3, p. 119
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purchase of a pool cover. In areas where the tijty is a separate company from the electricitytilcompetition
can lead to concerns about lost revenues when swmrawitches fuels from a gas-fired heater to antedeheat
pump. In any event, we believe there is opporufor improvement, especially in the warmer regiardsthe
country.

Most programs seem to concentrate on replacemeranoéxisting component with a more energy efficient
component which operates at a lower speed to resigtem total dynamic head. While these programmsnaleed
helping, we feel that there is a largely untappeatket in the proper design of new pools. Replaeingversized
pump with a smaller pump will save energy, but dpportunity to reduce these losses even furthéwsisif not
addressed during the pool design and constructi@alifornia’s Title 24 residential building standarprocess is
considering these broader opportunities for synéngie pool design proce®5.The approach proposed by PG&E
would stipulate mandatory requirements for:

* motor efficiency
e properly sized pumps with pumps 1 hp or largeraalbal or variable-speed

e pump motor control capabilities (must be able terape the pool pump at a minimum of two speedd) wit
the default being low-speed)

* limits on fluid velocity that will require largerystem piping
»  proper filter sizing

The increase in the cost of larger piping andnfifi with lower pressure drops is minimal when tlo®lps
constructed. However, with the exception of “abgveund” improvements to a pump or filter, a rera@to do
the same would not be cost-effective.

We understand and recognize the benefits of a powdr on a heated pool. However, what is not kn@swviihe

number of existing pools that are heated and yatataitilize a cover. This could occur for a numbé&reasons;
the owners did not realize the benefit and/or fomifficult dealing with the cover, or maybe tfiest one wore out
and was never replaced. Whatever the reason,qoeers are inexpensive and their benefits on aebdeabol are
enormous. If it turns out people are not usingdiners because they are inconvenient or unattegdtiere may be
opportunities to encourage greater utilization digto financial incentives, safety requirements, jubHbucation,
new design efforts, and residential building stadda

In addition to the utility incentive programs treteady exist for efficient single speed pumps (whaot already
required by law such as in California), the follogiutility program?’ specifically encourage efficient two-speed
and/or multi-speed designs as well:

» Pacific Gas and Electric (PG&E)

* Roseville Electric Pump Rebate Program

3 See California Energy CommissictQ08 Building Energy Efficiency Standards — 45-Dapguage SECTION
114 - MANDATORY REQUIREMENTS FOR POOL AND SPA HEANG SYSTEMSAND EQUIPMENT, p.
202, November 2007. Retrieved frdmtp://www.energy.ca.gov/2007publications/CEC-4@D2-017/CEC-400-
2007-017-45DAY.PDF

% The recently adopted 2007 Title 20 regulationsiireqthat “Pool pump motors with a capacity of 1 étfmore
which are manufactured on or after January 1, 2668/ have the capability of operating at two arenspeeds
with a low speed having a rotation rate that isnaye than one-half of the motor’'s maximum rotatiate.” (See
the 2007 Appliance Efficiency Regulations, CEC-40®7-016-REV1, Section 1605.3, p. 119.) TherefGrk,
utilities are likely to adjust their rebate progsaaccordingly.
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Sacramento Municipal Utility District (SMUD) PumpeRate Program
Palo Alto Pump Rebate Program

Southern California Edison (SCE) Pool Pump Rebabgiams

San Diego Gas and Electric (SDG&E) Pump RebaterBnog

City of Burbank Pump Rebate Program

City of Riverside Public Utilities Pump Rebate Pram

Los Angeles Dept. of Water & Power (LADWP) Pump RiebProgram
Nevada Power Pump Rebate Program

Austin Energy (Texas) Pump Rebate Program

Gainesville Regional Utility (Florida) Pump Reb&mgram (launch pending)
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5 METHODOLOGY

We used computer modeling to estimate the energyotipool and the potential savings from desigmgea and
component upgrades. For heating estimates, inajuttia effects of pool covers, we used “Energy SrRaxls”
software. For pumping energy estimates, we develapg own Excel-based computer modeling tool. Wenth
modeled a Base Case pool in five cities. The fitiexwere selected from the states with the filghést numbers
of residential in-ground swimming pools.

Characteristics of the Base Case pool were:
1. Rectangular pool that is 18 feet wide by 30 feagloy nearly 6 feet deep

2. Total volume of 24,000 gallons (Average pool sizethe U.S. tend to be in the low-to-mid 20,000l
Al
range’®)

3. No cover
4. 1 HP single speed purtip
5. 1.5" diameter piping system

6. Heated with a 78% efficient natural gas heaterlfif6 of the time that heat is required during treuesed
heating season

Because national research on pool owner behaviquite limited, we then developed the following weptions

about the way pools are operated based on clinsteashd anecdotal evidence. We also made assumsfdioather

variables such as the extent to which a pool mighshaded from sun or screened from wind over dlese of the
day and the year. It is very difficult to locatet@#or the average operating period of pools, ugageerns, and their
variation with climate. See Table 1 below for tlss@mptions used in this analysis.

Table 1. Heating and Pumping Season Assumptions by City

City: New York, NY | San Antonio, TY Los Angeles, CA| Phoenix, AZ Tampa, FL
Pumping ) g . _ -
Season: Jun-Sep Apr-Nov May-Oct Apr-Nov Apr-Nov
Heating Season:| Jun-Sep May-Oct Jun-Sep May-Oct -Nagpr

“Pumping season” is the time during which we assanp®ol owner would operate the pump on a dailysbias
one complete turnover per day. For the purposebisfanalysis, we assumed no pumping during theakthe
year. This is a very conservative assumption, sime@y pool owners operate pumps during the off seds
maintain water clarity. The “heating seasons” @mprised of the months warm enough for swimmingvzuen
the pool water temperature is too low for comfolgadwimming. We calculated pool water temperatah@ing the
specified heating seasons, then assumed that paténs would be operated sporadically for shoribderof time
(e.g. for a birthday party) during heating seasafis. estimated this sporadic operation to occurlf@¥ of the

“0PK DataWaveline Newsletteé¥o. 7, 2005.

*L While pumps larger than 1 HP are frequently usegichose to model a 1 HP pump in order to estitate
minimum potential savings from the Title 20 pumptaragequirements which affect “pool pump motorshnat
capacity of 1 HP or more.”
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specified heating seas8h.Again, this is a conservative assumption — soo® heaters would clearly be operated
much more frequently, but others would be solapjding gas and electricity use.

We then devised three savings scenarios for bothama existing retrofit pools: Toe in the Wateraddw End,

and Deep Dive. (See Table 2) Our recommendatioild bo the appliance (Title 20) and proposed buiidcode
(Title 24) efficiency standards. With each savisgenario, the cost and the scope of measures addrgses up
along with the resulting energy savings. Finallye modeled the Base Case pool in each city withdgsgn

changes outlined below to determine potential gg/from different efficiency measures.

Table 2. Pool Energy Efficiency Scenarios

Ener gy Efficiency M easures

Retrofit Pools

New Pools

Basic Regulatory Option:

Toein the Water

Meet existing CA Title 20

requirements

Cover for all pools

Meet existing CA Title 20

requirements

Cover for all pools

Voluntary Option:

Shallow End

Above plus:

Variable speed pump with automa
controls

Efficient filter

Above plus:

id/ariable speed pump with automa
controls

Efficient piping and filter

Efficient gas or heat pump heating

Maximum Savings Option:

Deep Dive

Above plus:

Efficient gas, heat pump, or sol
heater

Robotic cleanert

Above plus:

arAutomatic cover
PV-powered pump
Proper solar orientationt
Appropriate wind blockt
Robotic cleanert

Solar heatingt

t These measures not modeled in analysis.

T Total dynamic head loss for solar thermal heagiygiem not modeled.

We analyzed energy savings from the following measwhich would bring our Base Case pool up toTibe in

the Water efficiency level:

* Replace a 1 HP single-speed pump with a % HP sspged pump

*2The heater operational assumptions used are ciimepaith natural gas heaters.
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» Bubble cover (Bubble cover assumed to be in usé&/f®of the time that the pool is not in use.)
» 2" diameter system piping instead of 1.5” diameter
« 2" diameter backwash valves (for sand and DE §ijter

We then evaluated energy savings from the followaaglitional measures which would bring the poolthe
Shallow End efficiency level:

* Replace the ¥ HP single speed pump with an efficiariable speed pump with programmable controls

* Replace the 78% efficient natural gas pool heaidr an advanced heating (heat pump or 97% efficient
natural gas heater). Continue use of bubble cSver.

Finally, we analyzed the energy savings from upigigacbur Base Case pool all the way to Deep Divee Th
additional Deep Dive measure that we analyzed was:

» Replace bubble cover with an automatic cover. (&#tic covers assumed to be in use all of the timé t
the pool was not in use.)

Other Deep Dive measures, such as solar thermalr vaaiating or a PV-powered pump, would simply aliabé
heating or pumping expens¥s. The solar system provides heat whenever sunshirevailable and the pool
temperature remains below its desired temperatdir806F. If the solar system cannot maintain theolpo
temperature by itself, backup heat is providedheyliaseline gas-fired boiler.

We used average natural gas and electricity Yateseach city. In some cases, rates varied wilelyveen cities.
See Table 3.

Table 3. Average Energy Prices by City

New York San Antonio Los Angeles Phoenix Tampa
Cost per kWh (%) 0.16 0.12 0.15 0.08 0.11
Cost per therm ($) 1.42 0.98 1.12 151 1.88

3 Heat pumps generally won’t operate in ambient &nmmpires below about 40°F — 45° F. Thereforetjlizing a
heat pump in a climate like New York for year rowqkration, a supplemental gas-fired or electiséstance heater
is required.

4 One of the heating alternatives investigated Wedrtstallation of an unglazed solar pool heatiygjem. In
speaking with manufacturers and sales professiomalgpears that the typical solar system is sgzethat the
collector area is approximately half of the poafface area. Although a larger array might be beradf the
available area on the roof of the house or elsesvfmrsolar collectors is usually the limiting fact For purposes
of our analysis, the collector area was assumée 70 square feet, which is one-half of the padbse area. The
collector utilized was the Ecosun 16104 manufactimg Aquatherm Industries, Inc — a simple, ungladesign that
costs substantially less than the glazed collectsesl for solar domestic water heaters.

> Rates used are average electricity rates for eiachPool owners may pay higher than average deggnding on
their utility’s pricing structure.
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Finally, we scaled our findings for the five poals modeled up to national pool energy use and gawstimates.
It is important to note that our analysis is baseda single, model pool; this pool is in no way atempt to
represent the “average” American pool. Pools vadely in their energy use based on climate, desigd, perhaps
most importantly on owner preferences. Little nagilodata are available that detail the many waysewsvoperate
their pools. Therefore, we used our findings fordeled pool in each of the five cities to predidiraad range of
annual energy use for residential in-ground paokhé U.S. For the high end of this range, we asslimat the vast
majority of pools have annual energy use similasuoBase Case findings. The low end of the raadmsed on the
possibility that half of all pools have annual gyeuse similar to our Base Case findings and thercalf of pools
exhibit energy usage more similar to our findings the Shallow End pools, or that the average piesl
somewhere between our Base Case and Shallow Ediddgs We then estimated the potential savings faohi3
reduction in pumping energy for all pools, and dditional 1/3 reduction in heating energy for helgteols only.
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6 FINDINGS

In an effort to gauge the energy and water savapgrtunities for in-ground swimming pools, we ffinsodeled the
energy use of a Base Case pool in each of fives;iind then analyzed the energy savings fronh@étlevels of
savings scenarios in each city.

6.1 Base Case Energy Use

Our energy modeling predicted the annual pool gnesgenditures for the Base Case pool in each efcities
below. Assumptions about seasons of use vary lyy Site Figure 9. Annual pumping energy ranged 20000
kWh per year for climates with the shortest swimgngeasons (four months) to just over 4,000 kWhyear for
those with the longest swimming seasons (eight h®)nt Annual pumping costs ranged from $326 far fmonths
of pumping in New York City to $490 for eight mostlef pumping in San Antonio. Note that the costédaght
months of pumping in Phoenix is well below the dostthe same time period of pumping in San Antoibis is
due to the variances in price per kWh between thitisss.

Figure 9. Base Case Heating and Pumping Costs

$800
BASE CASE Cost of Heating

$700 - B BASE CASE Cost of Pumping

$600 4 8
6 months months

$500 | months
4
$400 months

$300 |

Annual Cost of Energy

$200 ~

$100

$0
NEW YORK SAN ANTONIO LOS ANGELES PHOENIX TAMPA

Heating costs ranged from $76 for a six-month Ingaseason in San Antonio to $252 for a four-morehting
season in Los Angeles. The reason for this counteitive finding is two-fold: 1) natural gas pricary by city,
and 2) more importantly, we designed our modelktmoant for a heating load for only 10% of the tithat the pool
required heat during the specified heating sed3aring the four-month (June — September) heatiagae for Los
Angeles, pool heating was required during eacthe$é months. In contrast, during the six month (Ma3ctober)
heating season in San Antonio, little to no heat veguired from June through September.

6.2 Savings from Efficiency Measures
We found significant energy reductions possibletigh improvements in both heating and pumping measu

Because the vast majority of pools are not hedbtedpumping savings are more likely to represemtstivings that
most pool owners could experience. It is importemtnote that variances between the assumptionst aheu
modeled Base Case pool and the way an actual pod¢signed and operated would affect the energyande
savings potential.
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Figure 10. Sample Savings from Ener gy Efficiency M easuresfor New Pools
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We developed the Toe in the Water measures astamdpr a basic regulatory pool efficiency prografnom the
basic efficiency measures at this level, we fouathble energy savings. Our model predicted a 268%ngs over

our Base Case pool in each city from replacing HPL single speed pump with a % HP single speed pump,
increasing pipe diameter from 1.5” to 2", and usan@” diameter multi-port valve on the filter. Hgat savings
from simply using a bubble cover were just over 30%

Shallow End

The Shallow End pumping upgrade of employing aalde speed pump saved nearly 85% over the Base Case
while replacing a 78% efficient natural gas heatth a heat pumf resulted in heating savings of approximately
66% over the Base Case heating costs.

Deep Dive

With the Deep Dive measures, which were the mogtesmgive pool efficiency measures in our analysis, of an
automatic cover resulted in >95% heating energyngavover the Base Case for the months analyzeelp Déve
pumping savings remained unchanged since no newipgrmeasures were introduced; however, in someatds,
the addition of a PV-powered pool pump could eliaténpumping expenses entirely.

6.3 National Energy Implications

When scaled to a national level, these findingggsagthat the total national electric bill for h=tial in-ground
swimming pools is between nine and 14 billion kWér gear. This represents about $1 to $1.4 billmmabout
$240 to $360 per pool per year (recognizing thastrpools aren’t heated).

“5 Reported results are findings from our computedefiag. In reality, a high efficiency natural gasater may be
the best choice for a pool heater, depending ugen aperation patterns and variances between @diwater
temperature.
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The specific natural gas bill for residential iregnd swimming pools is more difficult to estimatedas heavily
influenced by assumptions about the usage of powers. In our pool energy model, we used consemati
assumptions for pool heating: 10% of all pools aseater, all of these pools use a 78% efficientrahgas heater,
and that these pools operate their heaters for Doflg of the time during their swimming seasons thgtiire heat
to bring the pool to swimming temperature. Wemate these systems, depending on the climate andvaly
owners operate their pools, use between 68 andH&2ss of natural gas per year each (costing bet&é& and
$250 per year per heated pool). This representslditional $45 to $80 million annual energy bill.

Overall, our energy modeling indicates the potéritiasave more than two-thirds of total swimmingopenergy
use. Comprehensive data on national pool energyatsdimited. However, assuming that many poolgaaly
employ some efficiency measures, we estimate ttadit iesidential pools were upgraded to reduce ginmenergy
by only one-third, and all heated pools were alpgraded to reduce heating energy by one-third] totaual
savings would be worth more than $360 million. Q@erldioxide emissions would be reduced by at |dastet
million tons — the equivalent of removing all Santénio’s cars from the road for one year.
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7 RECOMMENDATIONS

This section briefly discusses areas in which wa fmprovements could be made with overall pooicefhcy,
including recommendations for an ENERGY STAR® Poddtegram that would help spur those improvements.
Finally, we discuss additional research that caake this investigation to the next level.

7.1 Opportunities for Improvement

Our initial research confirmed that the pool indydtad not yet moved to provide standardized eneftjgiency
information about pool systems and components tigders, installers, and purchasers of pools. Tesh
regarding the pressure drop of components suclalassy sweep elbows, and filters were often unalkibél or had
to be obtained laboriously through special requastsngineering staff at each manufacturer. Sofiwtaols for
estimating pumping and heating energy use wereanyntases out of date, discontinued, or only suibedery
specific climatic conditions. Though many pasd#s of pool pumps have recommended a compreherative
system for pump efficiency, standardized Energytdtac(gallons per watt-hour) were still not routinavailable
for all pumps at the time of purchase. Pool mankematerials and trade shows focused primarilyvays to up-
sell additional features and enhancements to cusgmmany of which increase energy and water copsam

Yet we have been encouraged in recent months byheer of organizations devoting increasing ait@nto

swimming pool efficiency and proper hydraulic desigPentair and its competitors have brought higgfficient

new variable speed pumps to market and begun co#dtihg with utilities to encourage their sale. dustry

organizations and utilities are offering standaedifraining courses to installers to make them awéthe benefits
of improving efficiency. California and other statare moving to address pool efficiency througpliapce and
building standards. Indeed, “standard” practicenithe process of changing to give more attentdenergy and
water efficiency in pools.

With that in mind, our recommendations include:

* Require testing and publishing of standardized &ytic data for all pool pumping and filtering syste
components.

» Establish a rating system for pool pumps basedrardy Factor (gallons/Wh). Energy Factor for a pum
is dependent upon the overall system pressuréiescating needs to be stated for several diffesgstem
curves or graphically. The California Energy Comssion has adopted standard system efficiency curves
and test procedures that were developed by PG&Risdrsuch a purpo$é. These could also be used for
other states and for voluntary labeling or utilibcentive programs. Utility incentive programs slib
increasing shift to rewarding multi-speed efficipamps, based on such standardized testing results.

*" The CEC test procedure is stated as follows:

“(A) IEEE 114-2001 shall be used for the measurdrmémotor efficiency.

(B) ANSI/HI 1.6-2000 shall be used for the measwgrtof pump and motor combinations efficiency.
(c)Two curves shall be calculated:

Curve A: H =0.0167 x ¥

Curve B: H=0.050 x ¥

Where:

H is the total system head in feet of water.

F is the flow rate in gallons per minute (gpm).

(D) For each curve (A&B), the pump head shall bgisteéd until the flow and head lie on the curvee Téllowing
shall be reported for each curve and pump speemtgpged pumps shall be tested at both high andpewds):
1. Head (feet of water)

2. Flow (gallons per minute)

3. Power (watts and volt amps)

4. Energy Factor (gallons per watt hour)

Where the Energy Factor (EF) is calculated as:

EF = Flow (gpm) * 60 / Power (watts)”

30



e Eliminate pool pump manufacturers’ practice of Mated” motors with high service factors. Thisais
confusing practice that can lead to consumers ceqmatheir existing motor with a larger one without
realizing it.

» Enact an efficiency standard for small and fractlonorsepower motors. Most pool pump motors are
currently exempt from federal efficiency standar@alifornia has already required pump manufactuter
test and list their energy factors, has prohibited sale of less efficient split phase and capacito
run/induction start motors, and has required thahps and controls manufactured after 2008 have the
capability of operating at two speeds. These snefficiency standards could be considered in other
regions.

e Conduct research to verify savings from variablkeesppumps. Currently there is a dearth of indepahde
verified energy savings from these pumps.

» Create a standardized software package that apjowaisdesigners and builders to model the energy use
high-end, custom pools, and to understand the griemgacts of particular component choices. This
software could also be used as a training tootitaate pool builders and consumers about the energy
impacts of components of typical pools and howgerate their pools efficiently.

* Once such software is available, it would be pdedibassign numeric scores to various efficiency
features. This could facilitate a system similatit® Home Energy Rating System (HERS) or various
green-built homes programs, whereby builders ne@ttumulate a certain number of points to achieve
particular rating levels.

e ENERGY STAR, LEED, or other voluntary labeling prams should consider adopting specifications for
new pools and/or swimming pool equipment (i.e. psympotors, valves, cleaners, filters) that promote
basic efficiency measures for new construction.

« Utilities should consider deploying energy effiagrincentives and marketing programs keyed to those
voluntary ratings, to encourage installation ofeéht equipment.

» Utility-funded efforts to document user behaviod arerify energy savings in the field are also nekede

Voluntary labeling programs like ENERGY STAR andearts established by utilities can also play a iol¢éhe
development of more efficient pools. In some casesy be possible to include consideration oflpeergy use
when labeling a home, but pools are most commadialled after a new home is built, making it mefiective to
rate the pool itself for efficiency. Key compongof a voluntary rating/labeling program might unabé:

e Software to help owners estimate annual energg hiith various assumptions about pool size, locatio
usage pattern, pumping and heating technology, rcopéions, climate, and energy costs before they
choose to build a pool.

« Similar software to assign an efficiency score twlp after they have been constructed for purposes
estimating overall efficiency. Such a scoring sgstshould be divided into two components — one that
indicates efficiency relative to other pools of gansize in a similar climate, and the other teatimates
annual energy use with typical usage patternslosvany pool in one location to be compared to poyl
in another.

»  Criteria for efficient pump, filter, and heatingstgm sizing and component selection.

» Consideration of automated system controls to emgguequipment to operate no longer than needed.

e Consideration of a maximum allowable fluid velocity the system to encourage larger pipe sizes and
lower flow rates, resulting in less pumping eneftine approach proposed in California’s pendingeT&#

standards).

e Consideration of a maximum allowable total dynainéad to encourage the use of oversized cartridge
filters, larger return outlets and sweep elbows
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Solar systems and heat pumps offer unique opptidardand also some challenges. Solar systemsreeiipg pump
to operate during daylight hours, which often repré peak demand periods for utilities and carerpismping
costs if the customer is on a residential timesd-uate or the heating system extends the swimm@agon.
Similarly, heat pumps will operate more efficientjuring the heat of the day than during cooler tiigie
temperatures. Additional study would be requirefoke making recommendations on how or if theseegys
should be incorporated into a voluntary rating jpang

Recent research into combination photovoltaic/tteénpanels suggests a promising approach to offseit gnergy
consumption in the future. Since photovoltaic syt operate less efficiently as their surface teatpee increases,
it can be beneficial to design combination systémas circulate water through the backs of the patetarry away
the excess heat. This has the advantage of impdifiiee” heat to the water, as well as generaétegtricity to
offset pool pump energy consumption during the @strtimes of the day.

What is clear is that California’s Title 20 and posed Title 24 approaches to pool pump motor and ne
construction pool efficiency requirements couldveeas a very useful framework for voluntary podicgncy
programs. A number of efficiency measures likeialde speed pumps, robotic cleaners, automatic rspve
advanced heating systems, and advanced controlsegioad the scope of California’s proposed polimyt, could
each be assigned point values that would sum twah heeded to achieve a voluntary label. This ld@llow
California pools to qualify with modest additioriaiprovements beyond those required by mandatorydatals,
while encouraging pools in other states to meetdtstandards first as a step toward earning tte. lab

7.2 Comparison to ENERGY STAR Homes Program Savings

This analysis compares the typical energy savings fupgrading a new home to ENERGY STAR levelsh® t
savings achievable from cost-effective efficienmprovements in a residential in-ground swimminglpd@ecause
the average energy use of both new homes and paoés widely by location, we have chosen to lobkha five
states whose populations and climates cause thémttaccount for 58% of residential swimming po@alifornia,
Florida, Texas, Arizona, and New York. In eachecase have selected a representative city in cimenodel
climate effects and local energy costs: Phoenids Angeles, Orlando (close to Tampa where the igpatnalysis
was done), the New York City metro area (Islip)d &an Antonio.

ENERGY STAR aims to save about 30% of the spacéirfieaspace cooling, and water heating energy ose i
typical new home. Those three end uses in turresgmt about 50 to 60% of an average home’s totalg bill, so

the ENERGY STAR savings should add up to aboutol58% savings from a home’s normal energy bill ve@i
national average annual utility bills of approxielgit$1,500 per home, ENERGY STAR'’s savings woulditeo be
about $250 to $300 per home per year, with subiatargriations across different home sizes, types climates.
Actual savings claimed by ENERGY STAR are rough¥jce that amount, averaging $500 to $700 for thmate
zones we examined. We use these ENERGY STAR nunfbeipurposes of comparison to estimated swimming
pool energy savings.

Table 4 compares the maximum expected swimming @oelgy savings from our analysis to the estimategage
annual energy savings associated with improvingehleomes to ENERGY STAR levels. In most casesgethes
heated swimming pool savings are in the same rdfmeunheated pools and shorter pool season assuns\pthe
savings numbers would be lower, but still represefdrge enough savings opportunity to merit abersition by
ENERGY STAR. For example, the savings from optidipeimping alone represent about $250 to $400 par, ye
even with swimming seasons that are eight monthleswy per year. This suggests that more attemtiopool
efficiency by the market transformation commungyabsolutely warranted, and the savings that catbieved are
very large indeed.

It would not be uncommon for a heated swimming paoyear-round use to represent the majority obendé’'s

entire annual energy bill. Even on an averagesb@ésicluding the large number of unheated pool$ jised

seasonally), the $364/year average annual enegy fmr an in-ground pool represent about 25% efaye annual
home energy bill§®

8 See http://www.eia.doe.gov/iemeu/recs/recs2001ffermmuse/cel-1e_climate2001.pdf
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Table 4%

Maximum Annual Annual Energy Bill Savings by Climate Zone from
SavingsFrom | Upgrading a 2,500 sg. ft. Single Story Home to ENERGY
Optimized Pool STAR Levels
Electric & Gas Electric Gas Total
. Climate $
City [State Zone kwh $ MCF $ $
Phoenix | AZ 3 $390 3,592 $ 305 13.43 $ 21$ 509
Los oAl a4 $633 1,885 $ 219 2763 $ 3[$ 529
Angeles ' ‘
Orlando | ) |, $621 4,218 $ 304 1358 $ 2[$ 679
(Tampa) ' '
Islip NY 11 $454 1,995 $ 293 27.26 $ 3[$ 686
San oy | g $491 4,075 $ 304 2227 $ 3|s 704
Antonio ' '

7.3 Additional Research

As we have seen, heating is by far the largest oot in the energy consumption of a heated pdbkre could
be great opportunities to reduce heating energguoption, but the scale of the problem is still mmkn. A
swimming pool season (whether heated or not) islhigependent upon climate. Proper sizing of thating
system to be cost-effective is challenging. Wébard to new installations, we can project eneayyngs based on
a set of assumptions, but we still do not know hbgvpools are operated once they're built. Whanttm® are the
pools being utilized? When are they heated? Hitp&nds a pool cover in use? All of these questineed answers
in order for our savings projections to become nrefmed. The most effective way to gather thi®imation is
likely a market survey. While the information wdube valuable for the design of new pools, it woailsb have
huge benefits for existing pools and incentive paogg.

As with any energy consuming system, the most tffleavay to save energy is to turn it off when needed.
When it comes to residential swimming pools, thieafion system has no means of knowing when itriaaslong
enough to achieve proper filtration. Instead, éreme “rules of thumb” such as; 1) run it long egioto achieve one
turnover of the pool's water volume per day, orr@) it “X” number of hours per day in the summeddiy”
number of hours in the winter. Pool owners areljiko increase pump run times if water qualitp@or, but may
not reduce run times if water quality is good.

Items that could help to reduce pump runtimes ihelvarious cleaning systems that vacuum dirt froenbiottom of
the pool once it has settled. Systems that coaelddunterproductive to this effort might includedt jets that are
designed to get the dirt off the floor and bacloisuspension to be filtered. Additionally, thedygnd method of
chemical dispersion will be important. New systesush as salt chlorine generators and ozone apegalsing

acceptance in the marketplace. The only way terdene the effectiveness of the various systemstlagid effect

on pump runtimes would be a field test. Utilityatled field testing is also warranted to assessrgigtie effects of

combining various efficiency measures and seeingthey are impacted by real-world operating condi.

*9 Estimates provided by Richard Faesy, VEIC, Sepeeriib, 2005 based on the dollar value of Buildetiddp
Package savings provided by ENERGY STAR for variooime sizes, and modeling of the natural gas/éégtr
bill split in various climate zones.
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Another new idea is turbidity sensors to contrompuruntime. Turbidity sensors are currently ugiizin many
energy efficient dishwashers to monitor water agilduring the rinse cycle and adjust rinse timesoatingly.
Early research by Southern California Edison cotetlidy Davis Energy Group found that it is possiblé
expensive to employ turbidity sensing in residéni@ols. The technology is somewhat more maturéHe larger
scale pools found in commercial and public recossti facilities.

Our analysis of heat pump water heaters assumeshthdeat pumps are drawing their heat from antaerand
discharging that heat into the swimming pool asammon practice. Other options may also merit ictemation,
including ground source heat pumps for drier clesair heat pumps located indoors that could cabld@mumidify
the home while transferring heat to the pool.

Whether we are talking about existing technolognge@ised in new ways, new technology being develdpethe
pool industry, or simply proper application of amt technology, it is apparent that swimming paelgresent a
largely untapped market for major energy savings.
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