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ABSTRACT

In this study we partnered with three hotels witBouthern California Edison’s (SCE) service
territory to perform a combined energy and watelitaio quantitatively capture water,
electricity, and natural gas use, and the savipg®xunities for the end-user. Our analysis
demonstrates that integrated efficiency measunesesault in a quicker payback period for each
hotel than just electricity efficiency, and providéasis for SCE and regulatory agencies to
understand the combined savings potential fromdinated measures. Savings and
recommended retrofits varied by hotel, but costaive energy and water measures such as
pool covers, faucet aerators, low flow showerheadd,efficient irrigation were consistently
shown to offer large potential savings. Our progEmnonstrates the value of synergistic
conservation strategies by quantifying the watieGtdacity and natural gas saved against typical
programs which only calculate one type of resogegngs. Our analysis can add value to
SCE’s existing electricity auditing process fortteologies which require integrated planning.
Furthermore, we encourage statewide coordinatedyg@ad water conservation programs and
policies as a cost effective method for reachingnag energy and water reduction goals, and
make suggestions to progress collaborative consenvsirategies among the various
stakeholders in California.
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EXECUTIVE SUMMARY

This project quantitatively demonstrates that caratlienergy and water saving strategies
provide simultaneous benefits to businesses,iasijiand the environment. Despite the clear
connection between the energy needed in the watér and the water needed to produce
energy, the resources continue to be managed andea separately and many opportunities to
increase water and energy efficiency have yet toapgured (Mehan, 2009). What is currently
needed is use of utility-specific data to inventayaracterize, and assess the primary types of
water-related energy consumption by the end usgregional specific data on water sources
and energy intensity. For our client Southern @atifa Edison (SCE), we investigate whether
integrated energy and water conservation measorgd cost effectively aid them in reaching
their efficiency goals. For SCE and three of tlaidited customers, we quantified the savings
associated with additional cost effective energy @aater efficient retrofits and management.

The process of heating, treating, transporting,disttibuting water uses a tremendous amount
of electricity and natural gas. Even more energgagiired to collect and dispose of used water;
meaning that energy is required at every stepefthter use cycle. The California Department
of Water Resources (DWR) estimates that meetingviter-related energy demand takes 19%
of all of the electricity consumed in Californiagtsingle largest energy use in the state
(Department of Water Resources, 2009). Similahg,California Energy Commission estimates
that statewide water-related natural gas dema8@%s of all non-thermal power generation gas
use (Krebs, M., 2007). Water-related energy congiom|is expected to increase substantially in
the future due to population, urban growth andeased wastewater treatment (California
Energy Commission, 2009b). Historically, consematefforts have been enough to offset the
increase in demand and total energy use has rechaafaively stable. However, utilities like
SCE must continue to aggressively adapt to thegihgrelectricity needs of the population by a
combination of energy efficiency efforts and infrasture enhancements.

The 2003 Californi&nergy Action Plamighlighted energy efficiency as the best available
method of meeting the state’s future energy neéasording to the state water plan, urban
water use efficiency may prove to be the largesilsisupply available for meeting growth in
both water and energy demand over time (CalifoEmargy Commission, 2009b). In an effort to
reduce human-induced climate change, the 2006dailf Global Warming Solutions Act
mandated a reduction of statewide greenhouse ¢d&)@missions to 1990 levels by 2020
(California Air Resources Board, 2009). Electyaeneration, and electricity and natural gas
end uses for residential and commercial purposasuat for about 34% of all GHG emissions
in California (California Air Resources Board, 200SCE actively supports the evolving
statewide requirements by reducing GHG emissiams &lectricity provided to its customers by
offering free electricity audits and increasingeemable energy generation.

With increasingly strict statewide targets for eyyeefficiency, improvements in SCE’s audit
process or scope will identify opportunities fodamnal electricity savings. Estimates from the
Bureau of Reclamation argue that efficiency in @asiend uses in the Accommaodation sector
can yield substantial percentages of water, etgtriand natural gas savings (Bureau of
Reclamation, 2009). To measure the total resausedrom specific technologies, we partnered
with three of SCE’s hotel customers to perform mlbimed electricity, water, and natural gas
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audit. The hotels selected for this study are ledat different cities of southern California and
provide an interesting contrast of water and enesgyand a unique mix of water sources. Two
hotels are located in the cities of Goleta and &8atrbara, which are both located in Santa
Barbara County. The third hotel is located in Mar&falley, which is located to the southeast of
Goleta and Santa Barbara in Riverside County.

Using the water and energy use data we collectedigh our comprehensive audits, we
analyzed the total resource savings associatedegitipment upgrades or improved
management practices. For all cost effective teldymal or behavioral retrofits, we report how
each hotel could modify their current practicesagse money and resources over the product
lifetime. Additionally, using water source infornmat provided by each individual water district
we calculated the embedded energy used in deliyarid treating the water consumed by the
hotel. Through this approach we describe the oppdres that exist, and where there may be
benefits for SCE and other utilities to improveawse efficiency for their hotel customers.
Furthermore, we analyzed SCE’s energy mix to esértie energy related greenhouse gas
reductions attained through conserving water aetiteuse.

Our combined energy and water audits were perfotimegiantify the total resource savings and
see if value could be added to the savings SCRiaptvith their existing audit. Therefore, the
results that we report include all potential resewsavings, not just direct electricity. The
resource savings from our combined energy and veaigits are substantial for natural gas,
water, and embedded energy. The total energy sswegtalculated from the retrofits at each
hotel adds 77% to 94% more total energy savindiseé@nergy savings captured by SCE’s
retrofits. The savings from the retrofits we recoemah offer more dollar savings for the hotel
and cost less than the retrofits suggested by 8QEdirect electricity savings, however, only
add about 3% to 9% of kWh savings to the savings$ICE could capture at each hotel -
signifying our results are more relevant to thauredtgas and water utilities than to SCE. More
broadly, a conservative estimate shows that agiiated audit could reduce natural gas,
electricity, and water consumption by 27%, 4%, &ad8spectively for the southern California
accommodations sector. For energy embedded in aber wycle, the current regulatory
environment does not allow electric utilities s@shSCE to be credited for the energy savings
and associated GHG reductions. We show how greé#teilency can be reached by quantifying
the combination of all resource savings assocmaidda single conservation effort and
identifying ways to credit the savings to spedifitities.

We encourage utility collaboration to inform busises of the water end uses which provide
energy savings, and offering rebates for commomn@ogies. In scenarios where water, natural
gas, or electricity savings potential are highljtigs should cooperate to offer joint rebates that
may further entice efficient upgrades. Anothergnéded approach could come from the state,
with the California Public Utilities Commission (OR) requiring gas, water and electric
utilities to work to collectively meet statewideezgy and water conservation goals and GHG
reduction targets. Additionally, if the price of t#aand energy are raised enough to reflect the
true cost of consumption, efficiency becomes méi@dable for the end user. A better
understanding of not just the direct savings pdssiut how indirect water and energy savings
occur will allow connections between energy andewsi become clearer to policy makers and
regulators. Actions by the CPUC, or another stganay, could then direct utilities to increase
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incentives for actions that show the greatest stigawings. Achieving larger cost effective
savings then benefits the business and utilitiegtoon lines, as well as society’s effort to meet
energy reduction and water conservation targets.
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INTRODUCTION

In three parts, this report progressively illustsathe significance of synergistic energy and water
conservation in the commercial sector through timtgrated energy and water case studies at
hotel facilities. The reader should note that bweé¢ case study hotels are generically called
Goleta hotel, Santa Barbara hotel, and Moreno Yditgel throughout this report by their own
request. Our methods for analysis were designaddovalue to SCE’s existing auditing
procedure by capturing the energy related to waiesumption by the end user. This analysis
allows us to thoughtfully provide a basis for adatieg combined energy and water management
in Southern California. Our focus is targeted argifying how reductions in water use save and
both direct and embedded energy and natural gasyébaften refer teombined resource
efficiencyor total resource savingghese terms are used throughout the report witles
management strategies which achieve a combinatiasater, electricity, natural gas, and the
corresponding monetary savings. Through identificadf the problem and thorough research
and investigation, this study accurately analyzes@ovides recommendations for how to
increase the potential total resource efficiencthanhotel sector among the various stakeholders.
Part | provides background information and expl&iath the need and the potential for water
and energy conservation efforts for hotels in SeutlCalifornia and for the entire hotel sector.
Additionally, this part examines the energy intensf the water cycle in Southern California, as
well as highlights the regional differences. Furthere, this section introduces both the
difficulties and incentives which state agencidsities and businesses experience today while
working toward efficient resource management. Rdn¢gins by establishing the basis for data
collection methods and analysis for each end usgogy targeted by our integrated energy and
water audit. We then detail the methods by whiclcaleulated the embedded energy in the
water distribution and treatment processes anchgmese gas (GHG) reduction estimations. Part
lll offers a range of water efficiency strategies the specific hotels and for the sector as a
whole. The results of our audits are aggregatekddbgl, and presented as a series of figures and
comparisons demonstrating the value of combindiiygavings — which provide the basis for
our recommendations. Through these efficiency measwe also quantify the integrated utility
savings that SCE and other utilities would receWe. present conclusions regarding policy
recommendations, and a framework by which eletyrigiater and gas utilities can collaborate

to obtain state support and ensure that the patdatitotal resource efficiency is achieved.
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PART I: PROJECT BACKGROUND AND
SIGNIFICANCE



The Synergy

Water and Energy Nexus

California uses a complex system of dams, aquedaictspumped groundwater to stc
transport, and meet the water needs of the — roughly equal tabout 38 million acre fes
(MAF) per year. The process of heating, treatirggporting, and distributing water use
tremendous amount of electricity and natural gasnEnore energy is required to collect :
dispose of used water; resultioffenin energy being used at every step of the watecyde
(Figure 1).

Figure 1 Water use cycle in California
Source (Wilkinson, 2008)

The California Department of Water Resources (DW&)mates that meeting the wi-related
energy demand takes 19% of allthe electricity consumed in California, the siniglegest
energy use in the staiPepartment of Water Resources, 2(. In comparson, the Californi:
Energy Commission estimates that statewide \-related natural gas demand is 32% of all-
thermal power generation gas (Krebs, M., 2007)The most recognized water and ene
nexus is hydroelectric power generation, but ofbens of energy generation use water as v
Other wateintensive energy generating methods include caalear, geothermal ar
bioenergy. Much of the water consumed for energyeggion via conventional thermoelect
powerplants is used for cooliffBennen, Larsen, C. LeJ. Lee, & Tellinghuisen, 200. Despite
the clear connection between the energy needduiwater cycle and the water neede
produce energy, the resources continue to be mdragkplanned separately and m



opportunities to increase water amergy efficiency have yet to be captufdehan, 200¢.
However, California’s watermal energy planners are starting to see the neahfortegrate:
management approach when it comes to securingdter @nd energy supplies for Californi
future (Department of Water Resources, 2(.

Water Consumption by the Commercial End-Use

While significant energy is embedded in transpgrtineating, and distributing water, these r
not be the areas of greatest energynsity. Energy consumption in the water use cygl¢hie
end user accounts for roughly four times the dl@ttrand 92 times the natural gas neede
deliver and treat water. Water end use can beigpiitwo broad categories: irrigated agricult
and urban use. Eighty percent of the 14 trillion gadl of water used in California during
normal year is used by agricultt((Rosenblum, 2009 he remaining 20% is allocated for urk
uses that are classified as residential, commemahdustrial. Residential customers accc
for 48% of the electricity consumed in associattih urban water use. Commercial &
industrial uses account farrespective 30% and 20% of the electricity conslmeavate-
related energy use (Figure 2).

Water Use in California, by Secto

| Ll

20% Urban

Figure 2 Water related energy consumption by end users forlkeof California
Source: (Rosenblum, 2009)

Potential Conservation in Residential and Commercial Sector

Depending on your location, there are often maogmtives in place to encourage efficienc
residential water and energy use. Proven meadwaesdnserve energy or water when insta
in the residential sector include: programmablertiustats, compact fluorescent light bulbs,
lowering the thermostat on the hot water heatd2° F (United States Department of Ener
2009f) Reducing residential hot water use effectivelgssyves both water and energy. Tr
efficiency measureare inexpensive and easy to install, leading tHédbaia Energy
Commission (CEC) to estimate that a commitmenesidential energy and water efficier
could become the largest “new” water source infGatia (California Department of Watt
Resources, 2005The scope of the CEC report is limited to resi@d¢nvater related energy us
however a major urban sector that lacks evaluatatintegrated management to real
combined water and energy conservation is the caciatesector



There are many opportunities to introduce energlveater efficiency measures within the
commercial sector. Processes like heating andrapgbressurizing, and air conditioning are all
large water and energy uses; and stand out agsdogeonsiderable reductions. Commercial
landscaping also has considerable potential faraied water use, given the growing social
acceptance of native and drought tolerant landegafiihe energy-water nexus is beginning to
be documented and researched. However, what ientlyrneeded is use of utility-specific data
in order to build an inventory, characterizationgd @assessment of the primary types of water-
related energy consumption divided by type of wateirce, system, function, and end use.
There is a need for data to be collected in oralelevelop the detailed methodologies on which
cost effective programs can be based for combinedyy and water efficiency (Mehan, 2009).

The Water Energy Efficiency Program

A recent report prepared for the Bureau of ReclaangBOR) called ‘Water and Energy
Efficiency Program for Commercial, Industrial, andtitutional Customer Classes (CII) in
Southern California’ (WEEP) highlights the potehtpportunities for combined water and
energy efficiency within the commercial sector (8aw of Reclamation, 2009). The WEEP
report systematically and comprehensively iderditige Cll sectors that are the most intensive
users of water and energy. The report includes-stdde, generalized recommendations for how
the identified Cll customers can realize combinedrgy and water efficiency. Based on the
suggestions made by the WEEP report, we focuseldeoanergy, water, greenhouse gas (GHG),
and monetary savings opportunities for a case stutliyn one specific resource-intensive
commercial sector. The scope of our case studg, adkection, data analysis, and report focused
on the Accommodations sector. The largest oppdrésiior combined energy and water savings
within the Accommodation sector were identified @simming pools, laundry, plumbing

fixtures, lighting, cooling, landscape, and foodvese (Bureau of Reclamation, 2009). We
focused our case studies and baseline data arbasd services that have the most potential for
combined energy and water savings.



Regional Differences of Energy Intensity for WaterSupply and Conveyance

Southern Californians obtain water from a varietgaurces: local surface water, local
groundwater, and imported surface water. Importatemis often a combination of several
sources that all have unique embedded energy ¢astexample, the State Water Project (SWP)
is an aqueduct that carries water south along #st side of the San Joaquin Valley and requires
more energy for transport than any other Califoagaeduct (Garrison, Wilkinson, & Horner,
2009). The Colorado River supplies much of eadtemAngeles and San Diego with drinking
water and is also energy intensive relative tolleoarces. A region that predominately relies on
SWP or the Colorado River consumes more energyahagion that mainly draws from local
surface or groundwater for their drinking water gigs.

For our project, we designed a combined energyaatdr auditing framework that can be
applied to different regions across California.demonstrate specific water-related energy
savings for our case studies it was important geostand the unique water source mix and
water production process used in each location.atd&ional amount of energy saved from
including water conservation in an energy auditesadepending on the location’s water source
mix. Combined water and energy savings will alspethel on the water district's embedded
energy in the transport, treatment, distributiorg aste treatment of that water. To compare the
relative difference in regional energy embeddedoésater, our study investigated energy
embeddedness for two hotels in Santa Barbara Cantityg cities of Santa Barbara and Goleta,
as well as one hotel in Riverside County in thg eitMoreno Valley (Figure 3). Each city is
provided water by a different water district: Thigy@®f Santa Barbara, Public Works, Goleta
Water District (GWD), and Eastern Municipal Watasttict (EMWD) all use a distinctive mix
of water sources to meet their community’s watenaleds.

= n
Locations of Case Study Hotels and Water Districts

Water District Boundaries
Goleta Water District
Santa Barbara Water District

Goleta ganta|Barbara

036 12 18 24
- Miles

Figure 3 Location of case study hotels and water sliricts
Source: (National Atlas, 2009)
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Santa Barbara

The water resources division of the City of SanéalbBra, Public Works provides water to ak
95,000 citizens in Santa Barb¢City of Santa Brbara Public Works Department (b), 2(.
Santa Barbara uses several sources of water: suwi@er, groundwater, imported water,
recycled water. The surface water originates froenrtearby Santa Ynez River, is stored bel
Cachuma and Gibraltar Rervoiis, and is delivered through two separate tunneGdieta anc
Santa Barbara. Surface water is gravity fed tacityés treatment and distribution cente
Groundwater is primarily from two hydrogeologic tajione located near downtown Sa
Barbaa, and one near upper State S (Water Resources Division, Public Works Departm
2008)Water Resources Division, Public Works Departm288)(Water Resources Divisic
Public Works Department, 2008)(Water Resourcesdiimi, Public Works Departmer
2008)(City of Sant®arbara Public Works Department (b), 2(. Imported wate is from the
SWP. In a typical year about 83.66% of the water sigohbin Santa Barbara is surface wa
5.6% is groundwater, 5.65% is imported, and 5.19%c¢ycled (Figur4). El Estero is th
Waste Water Treatment Plant serving Santa Barbatdypically treats about 321.2 millic
gallons of wastewater per yg&ity of Sana Barbara Public Works Department (b), 2(.

Santa Barbara Water Supply 200.

i Surface

& Ground Water
E Imported

£ Recycled

Figure 4 Santa Barbara water supply numbers from 2004 wateyear, groundwater numbers
from 2008 water year
Source: (City of Santa Barbara Public Works Department 2005

Goleta

Goleta Water District uses 230 miles of pipelinelétiver water to 75,000 people in Goleta, .
to the University of California, Santa Barbi(Goleta Water District, 2005§0leta Wate
District delivers water from several sources: stefavater, imported water, recycled water,
minimal amounts of groundwater. The surface wabenes from the CachunReservoi and the
SWP is the source of inopted water for Goleta. Goleta Water District Haes adjudicated rigr
to produce up to 2,350 acre feet (AF) per yearobtigdwater. From 2000 to 2004, howeve
total of 8 AF was produce@>oleta Water District, 200. According to the 2005 Goleta Urb
Water Use Plan, Goleta produced 64.68% from thén@ae Project, 28.30% from SWP, 0
from groundwater, and 7.03% from recycled wateirdpthe 2004 water year (Figu5). The
Waste Water Treatment Plant for Goleta is the GdEetnitation District, which treats ab«
64.75 million gallons of wasteater per yar.
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Figure 5 Goleta water supply for 2004 water year
Source: (Goleta Water District, 2005)

Moreno Valley
Eastern Municipal Water Distri(EMWND) provides water for the 165,328 people of Mor

Valley. About75% of the potable water used in Moreno Valleyioates from imported sourc
and 25% of the potable water comes from groundvaatdirecycled wat (Eastern Municipa
Water District, 2005)The imported water thEMWD uses is from the State Water Project
the Colorado River Aqueduct. Th are eight different groundwater management basitise
EMWD. In the 2004 water year 78.52% of the watgpsed was imported, 17.26% w
groundwater, 3.45% was desalinated groundwaterQatt®o was recycled water (FigL6).
Wastewater for this regias treated at Hemet/San Jacinto, Moreno Valley, Gityy and

Temecula Valley Water Reclamation Faciliti

Moreno Valley Water Supply 200

—
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Figure 6 EMWD water supply for 2004 water year
Source: (Eastern Municipal Water District, 2005)



Energy and Water Demand Projections

California Population

Currently, nearly 37 million people live in Califua, and the population is projected to grow by
40% to 60 million people by 2050 (State of CalifarrDepartment of Finance, 2007). County
level projections predict that the three fastestvgng counties — Los Angeles, San Bernardino
and Riverside (all located in Southern Californéidgen (SCE) territory) — are expected to
expand by 8.6 million people alone by mid-centi8tafe of California, Department of Finance,
2007). SCE already serves more than 14 million |geapo live and work in 180 cities, and
provides electricity to 5,000 large and 280,000 Isssinesses (Southern California Edison,
2009b). SCE will need to expand upon their exisfiigitilities and 4,990 transmissions circuits
to support the electricity needs of Southern Catifoin 2050. Historically, conservation efforts
have been enough to offset the increase in demahtb#al energy use has remained relatively
stable. However, utilities like SCE must continaeaggressively adapt to the growing electricity
needs of the population by a combination of enef§giency efforts and infrastructure
enhancements. As the demand for electricity inegaaectric utilities are trying to find ways to
avoid large capital expenditures such as buildiaggmission towers and power generation
facilities by supporting energy efficient strategfer their customers. Through a loading order
developed by the CPUC, investor owned utilitiesl{f)are required to seek efficiency first,
build renewable energy second, and then expandesftifossil fuel generation last (California
Public Utilities Commission, 2009). This policy natly requires efficiency be emphasized over
all other methods to meet the energy needs oftéte, but makes efficiency in the financial best
interest of IOU’s prior to seeking to expand renklear traditional generation (California
Public Utilities Commission, 2009).

Commercial Electricity Demand Projections

A study by researchers at the Institute of Trartgpion at the University of California, Davis
based future electricity projection demand scesasio historical energy use data, demographic,
economic and technological assumptions from 20E32ZMcCarthy, Yang, & Ogden, 2006).
Then the energy use intensity of the commerciabseeas aggregated as a product of
commercial floor space which determined the anenalgy consumption over time. At current
efficiency and demand rates, the baseline demareldotricity increases by about 56% by mid-
century. Under a maximum demand scenario, thigas® could as much as double the current
levels (McCarthy et al., 2006). However, if the guoarcial sector operates under a high
efficiency scenario, total energy consumption calddrease to levels lower than they are today,
even with an expanding population. The projectisimsw that a high-efficiency baseline
scenario that involves aggressive efficiency impraents across the sector can result in a 25%
decline compared to current baseline condition2dB0 (McCarthy et al., 2006). By
understanding how demographic and technologicattréactors affect electricity demand,
utilities can ensure their plan meets the needkeofuture.

In 2009, the CEC reported a forecast of electridéynanded by each end use sector in SCE’s
service territory (Figure 7). According to this demd forecast, commercial electricity
consumption accounts for about 37% of the totaitatsty generated by SCE (California Energy
Commission, 2009b).This consumption rate is folldwksely by the residential sector at 32%,
industrial at 18%, and the remaining 13% is attelto mining, agriculture, transportation,



communication, utilities and street ligng. Even as the absolute energy consumption fdr et
these sectors is expected to rise as the populatosases, these percentages remain relat
stable when projected to 20@Dalifornia Energy Commission, 200

SCE Planning Area: Electricty
Consumption by Sector for 200

Transportation
Communicatior

i nd Utilities Street Lighti
Agrlcultura? 5% reel%l)g g

Mining 4% R
3% e

Figure 7 SCE plarning area: electricity consumption by gctor for 200¢
Source:(California Energy Commission, 2009b)

Meeting Future Energy Needs

The 2003 Californi&nergy Action Pla highlighted energy efficiency as the best avail:
method of meeting the statdigure energy needs. The CEC and CPUC are regperisr
setting efficiency targets for both investor owraed publicly owned utilities underssembly
Bill 2021, which requires a statewide goal of reduclagtecity consumption by 10% in te
years. Inthe 2005 Water Plan Update from the DWR, it isneated that statewide urban wa
use is expected to increase by 67% by z(California Energy Commission, 200¢. Therefore,
water+elated energy consumption is expected to increalsstantially during this tie due to
population, urbaigrowth and increased wastewater treatn(California Energy Commissiol
2009b).In Southern California, energy demand is high aadgmission systems are alre:
strained during times gfeak demand. According to the Statater Pan, urban water us
efficiency may prove to be the largest single sypphilable for meeting growth in both wa
and energy demand over tir(@alifornia Energy Commission, 200



Water Demand Projections

While water demand is projected to rise, supplieseapected to become increasingly limited in
the future. Drought events are projected to irs®en intensity and duration by the second half
of the 2£' century (Burke, E., Brown, S., & Christidis, NQ@5). These strains on water supply
come at a time when contributions from Californiaiest significant out of state resource, the
Colorado River, has been formally scaled back feopeak of 5.2 MAF per year to the legal
limit of 4.4 MAF now that other states in the baane taking their full allotment (California
Performance Review, 2002). These reductions havgeceenergy-intensive water deliveries
from the wet mountains of Northern California te flarms and cities south of the Delta to rise
from an average of 4.6 MAF between 1990 and 19%%/¢p 6 MAF between 2000 and 2007, a
nearly 30% increase (Bacher, Dan, 2009). Whileratbarces of water include the Owens
Valley, local groundwater, recycled water, and tieation; none of these come close to
matching the large volumes of projected shortagaighlighting the need for aggressive water
efficiency measures.

Meeting Future Water Demand

As part of the California State Water Plan proc#ss Pacific Institute prepared a projection of
supply and demand under different efficiency sdesgiP. H Gleick, Cooley, & Groves, 2005).
Even with an increasing statewide population, taeifit Institute’s High Efficiency Scenario
shows that water use in 2030 could be 20% belowemete in 2000 (P. H Gleick et al., 2005).
They argue that the sooner those aggressive wifitgerecy improvements are made in all
sectors the easier it will be to meet the needeefuture. Shown in Figure 8 below, tGarrent
Trendsscenario includes a modest 15% increase in aftgiewhile theLess Resource Intensive
scenario assumes nearly 40% water use efficienbygtim residential and Cll sectors — but no
advancements in technology. This scenario also@ssadditional conservation programs and a
more price-sensitive water demand than is currgaégumed.

16

144
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10 4

Water Demand (MAR
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2000 Current Trends 2030 Less Resource More Resource
Intensive 2030 Intensive 2030

Figure 8 Urban water demand from DWR’s estimate for2000 and 2030 as projected in the three DWR
scenarios
Source:(P. H Gleick et al., 2005)
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Population growth and income both play a large mlgredicting future water demand. While
urban water demand is expected to increase adidbseg major regions of California (north,
central, and south), the largest increase in atestdums is expected to be in the southern region.
Figure 9 below, illustrates that in a high effiatgrscenario, a water demand increase in the north
can be offset by more efficiency in the central aadthern regions. Urban water conservation
will prove to be the most useful in the south, heseathe urban population is much higher than in
the rest of the state.

|
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Wate: Uemand Change (2000-2030 in MAF)

I Morth

] I 00000
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M South Currznt Trends High Efficizney

-

Figure 9 Changes in urban water demand (2000-2030y geographic region for the current trends and hig
efficiency scenarios
Source:(P. H Gleick et al., 2005)

11



Climate Impacts of Energy and Water Consumption

Greenhouse Gas Emissions from Electricity Generation

It is extremely unlikely that global climate chanmeer the past 50 years can be explained
without attributing much of it to the observed ieases in anthropogenic GHG concentrations
(Parry, Canziani, Palutikof, van der Linden, & Hans2007). In an effort to reduce human-
induced climate change, the 2006 California Glaakrming Solutions Act, Assembly Bill 32
(AB32) mandated a reduction of statewide GHG emissto 1990 levels by 2020 (California

Air Resources Board, 2009). Electricity generatmymbined heat and power, and electricity
and natural gas end uses for residential and coomah@urposes are accountable for about 34 %
of all greenhouse gas emissions in California (Galia Air Resources Board, 2009). Therefore,
AB32 specifically monitors efforts taken by powengrators to reduce their emissions.

Increased renewable energy use, such as solariaddewer, will result in fewer emissions
than more traditional methods of electricity getierafrom coal, nuclear and natural gas.
However the largest potential to reduce GHG emissinay be from reductions in overall
energy use and increased efficiency measures (Kerts€.F., 2007). Forty-three percent of all
U.S. carbon emissions can be attributed to resalenbmmercial and industrial buildings
(Kutscher, C.F., 2007). Among the various strategpeencourage energy efficiency for
buildings include improved appliance and equipnefitiency standards, and utility-based
financial incentives programs (Kutscher, C.F., 200Ve argue that due to the electricity
embedded in the water cycle, the large commerebs in Southern California has a great
potential to make sizeable reductions in GHG emssirom also implementing water
conservation strategies across various businesses.

Climate Change I mpacts on Water and Electricity Resources

Studies have shown that climate change only areplifie difficulties of managing water in
California because warmer winter temperatures hetvé changing precipitation patterns and
reduced water availability throughout the year\&te, 1.T., Cayan, D.R., & Dettinger, M.D.,
2004). Water availability in California is largeffgpendent on weather, availability of
groundwater, and the storage system constrairdapitiring snowmelt from the Sierra Nevada
Mountains (Stewatrt, I.T. et al., 2004). As warménter temperatures affect the timing and
amount of precipitation that falls as snow, it atéeders the ability to capture spring run-off
(Stewart, I.T. et al., 2004). Since that very rdradfects the reliable water supply needed
throughout the arid summer months, climate chamgacts on precipitation patterns have
become a particular interest for the CDWR whengiesg the State Water Plan.

An unreliable supply of fresh water through theryen have many adverse impacts on
California’s economy. The effects can include: =tlwater allocated to agriculture;
diminished ability to produce hydroelectricity; dipted marine ecosystem dynamics; and
increased risk of wildfire (California Climate ClgnCenter, 2009). As water supplies are
stressed, the price may cause a shift to full-a@sger pricing that will effect industry and
business water-use practices, and lead to mowigter regulations (Morrison, J., Morikawa,
M., Murphy, M., & Schulte, P., 2009). Thereforefoefs to become more energy and water
efficient can help facilitate the mitigation ofrdate change through decreased GHG emissions
from the energy sector and lessen the global waymnnpacts on water resources. While even
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aggressive efficiency actions taken by Californi @nly have a very small impact on GHG
emissions worldwide, they will allow California pvepare for a more uncertain future.

Climate change projections for California depemphiicantly on near term worldwide actions to
limit anthropogenic GHG contributions. Regardlekthese actions, climate change models
predict increases in summertime air temperatureshakiill cause an increase in total and peak
electricity demand as shown in Table 1 (Franco &s%ad, 2006). While there will be slightly
higher winter temperatures, the increase in elgttruse for summer cooling is projected to
exceed reductions in reduced winter heating (Fr&8anstad, 2006). Coupled with increased
populations, especially in the fast growing inteounties, future demand increases for
electricity in the summer months to maintain corméord human health could be substantial.

Table 1 Estimated increases in annual electricityrad peak load demands for the AlFi, A2 and B1 scenaus,
relative to the 1961-1990 base period

Climate Year Emission Annual Electricity Peak Demand

Model Scenario (%) (%)
2005- i
2034 Alfi 3.4 4.8
2035- i

Hadley3 2064 Alfi 9.0 10.9
2070- )
2099 Alfi 20.3 19.3
2005- A2 1.2 1.0
2034 B1 0.9 1.4
2035- A2 24 2.2

PCM

2064 B1 1.7 1.5
2070- A2 5.3 5.6
2099 B1 3.1 4.1
2005- A2 2.9 3.6
2034 B1 2.5 4.1
2035- A2 5.0 5.0

GFDL
2064 B1 4.2 5.0
2070- A2 11.0 12.1
2099 B1 5.8 7.3

Source: (Franco & Sanstad, 2006)

The Impacts of Water Shortage in California

Decreases in water availability are expected taosepadverse impacts in the commercial and
industrial sectors in Southern California. Largalestousing developments have already been
affected by shortages in water supply due to tHédDaa state law that requires housing
developers to provide a 20-year water supply ptaa eondition for building. This law,
California Water Code, Section 10631.1, was enact@®01 and is only the beginning of a set
of water laws that require more stringent waterseowation policies on development
(Steinhaurer, J., 2008). Water shortages will blst energy providers that are already
struggling to meet the demand of an ever-incregsapylation. Currently, California receives
14.5% of its electricity from hydroelectric powarsource that is decreasing in energy output

13



(California Energy Commission, 2009a). As a manatked water supply affects the ability of
Southern Californians to meet their water needdystrial and commercial businesses draw
upon groundwater reserves and import water fromhéaraway to meet demand. However, over-
pumping of ground water and water importation wesas1 more energy and electricity, thus
causing further stress to California’s natural teses.
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Barriers for Potential Resource Efficiency

The underlying motivation of this project is to gtitatively demonstrate that combined energy
and water saving strategies provide simultaneounsflie to businesses, utilities, and the
environment. With easily accessible informationnooon goals, appropriate incentives, and
unlimited funding, these benefits would be simpl@thieve and projects like ours would prove
unnecessary. The difficulties can range from adstriative, financial, legal, and technical for
both businesses and the utilities (Bureau of Reateom, 2009). Recognition of the various
barriers that the utilities and businesses fatieadirst step toward discovering solutions that
overcome them.

Limitations for Businesses

The fifth volume of the recently completed WEEPagpdentified the limitations that
businesses in the Cll sector encounter. BroadBgoaized, the barriers that commercial
businesses face are: imperfect knowledge of coaervtechniques or programs; limited
availability of engineering and administrative sagpand capital and financial limitations
(Bureau of Reclamation, 2009).

Many California utilities are aware of these bagiand produce useful information to help
business customers understand energy or waterreatis@ opportunities and rebates. Although
many utilities and water districts post this inf@ation on their websites, informational seminars
or technical assistance for businesses is limiatte the utilities have few available technical
staff to educate businesses about the complexitiesergy and water conservation strategies,
many businesses are not aware of their potenti@@s or available rebate programs (Bureau of
Reclamation, 2009). Additionally, audits condudbscklectricity and water utilities are helpful
sources of information, but they are not typicakynprehensive and do not always effectively
communicate to the businesses how to move forwaaddraplement conservation strategies
(Bureau of Reclamation, 2009). And in some casesiness managers in the Cll sector may be
aware of more efficient equipment but lack the rgnf capital or technical assistance needed to
implement these technologies.

Utility Barriers & the I nstitutional Disconnect

Comparable to the barriers encountered at the ocomslevel, energy and water utilities face a
set of restrictions which include: lack of knowledgf the quantified savings opportunities of
combined energy and water conservation; institafi@md political challenges; and securing
funding for joint efficiency programs.

Since the nexus between energy and water is selbsively new area of research, some
uncertainty remains in determining the extent taclwhvater conservation efforts relate to direct
electric savings. In 2007, the CPUC approved & piloject to study the degree to which water
conservation programs could be a relevant patiefalifornia energy utilities efficiency
programs. Among the various goals of this projeeteanto both identify geographically specific
kilowatt-hour (kWh) savings per millions gallon iesates and also create a model for tracking
and crediting cross-territory embedded electrisdyings (California Public Utilities
Commission, 2007). The results of the study tordetee a statewide and regional water-energy
relationship have not been published. Establisthegquantifiable scientific connection between
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electricity savings and water conservation is @@ provide incentives for utilities to joint
manage energy and water use.

In addition to the utilitiesinability to directly quantify the benefits relatémlcombined energ
and waterconservation, the fact that they are not jointlyulated createsn institutional barriel
between themAs a matter of public interest, regulations guidéhtenergy and water policy a
management. Regulations can be broad, or lealeertidm for intrpretation for energy ar
water management. The regulatory agencies therpfayean important role but are not yet b
to account for and overseeordinate energy and water managent across the state. Wh
IOUs and private water companies work \in a structure set mostly by the CPUC and C
public water agencies, making up the majority dfaur water suppliers, are not regulatec
either of these agencies (Figure 10). This lackonfibined oversight acts as a barrier to poli
which integrateesource management of water and energy. While ot legislation ma
bring public water agencies and other utilitiesemsbme centralized control such as the Ci
or DWR, this may have its own political and teclahidifficulties. Until then, volutary
coordination and smaller scale projects with muinigrests may be all that is possi

i
Electric Public Wate#
Utilities Agencies |
Natural Gas
Utilities

Private Water
Companies

Figure 10 Relationship between regulatory agencies and energynd water utilities in California

Unlike SCE which has investors and centralized rgameentmostwater utilities are publicall
owned and largely managed at a local leWater utilities havédeen very effective at attainit
development and sanitation objectives. HoweverWd=P repol suggests that water utilitit
have not been as effective as electric utilitiest&tining conservation goals because of bar
in terms of staffing, funding, and time necessarnwater utilities tcplan strategicall (Bureau
of Reclamation, 2009).

Tiered Pricing

For communities served by water districts which @ tiered rate structure, conserving wi
presents even largararginal cost savings for e-users. Tiered prices by design cha
customers incrementally higher rates per unit asrugeases. Rate increases occur a:
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exceeds a pre-determined level, encouraging cussoimatay in lower use tiers. As the end-user
decreases their water demand they can descenkbwo cost tiers of use and pay lesser
amounts for each gallon of water used. Tiered praaa especially help spur investment in water
efficiency for commercial customers who understdr@economics of business operations and
the value of staying out of high rate tiers.

By enacting tiered pricing, economic signals arg $@ customers to reduce water use if the cost
of water exceeds their willingness to pay. Alreaglyuired by the CPUC for I0Us selling
electricity, natural gas, and water, tiered rategpftiblic water agencies allow customers to better
recognize the true cost of water and adjust thaaliors according to their own view of
affordability. Properly designed tiered pricingustiures encourage conservation, and when
carefully adjusted to account for changes in useemue, and expenditures, tiered rates can
avoid revenue shortfalls for water agencies eveh miduced sales.

All three of our case study hotels are served bienaistricts with tiered rates. However, tiers

for our Goleta and Santa Barbara hotels do not laage increases in rates with higher use,
limiting the effectiveness of the economic sigmais can send (Figure 11). For the Moreno
Valley hotel, a shift to an aggressive tiered stacture occurred in 2009. Because this hotel has
separate water meters for indoor use and landsg.amnty the landscaping is subject to tiers 2-4,
creating a strong incentive to conserve outdoorgewhinforcing an economic barrier to
conserving water on the indoor account.

Water Rates per HCF for Case Study Hotels,
1997-2010

$10.00

$8.00 ~

$6.00 [
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so.oo T T T T T T T T T T T T T 1
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Water Rate ($/Hundred Cubic Foot)

Goleta <=4 HCF Tier 1 Goleta 5+ HCF Tier 2

= Santa Barbara* <100% Base Tier 1 ===Santa Barbara >100% Base Tier 2

Moreno Valley Tier 1- Indoor = \oreno Valley Tier 2- Outdoor

Moreno Valley Tier 3- Excessive Use Moreno Valley Tier 4- Wasteful Use

Figure 11 Water rates for case study hotels, 1992010
Source: (Eastern Municipal Water District, 2010; Santalzaa County Water Agency, 2009c)
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On top of tiered prices, regulated energy utiliaéso have sales that are decoupled from their
revenue stream. Energy utilities in California h&wwe charges, the first is for volume of
electricity or natural gas delivered and the seaderidr operational costs including transmission,
distribution, maintenance, salaries, etc. (AmeriGais Association, 2009). The utilities can only
charge their actual cost for the volume of enermgiwvdred and earn profit only from the
operational component. Further, the CPUC must agpob rates the utility can charge to ensure
conservation is emphasized. Decoupling profits ftbenamount of commodity sold ensures the
utility is “financially indifferent to its volume fosales”, freeing it to prioritize long term plangi
and policy (Mehan, 2009).

Without tiered or decoupled water rates, it isidifft to expect water districts to push water
conservation that reduces their own revenues, éxitemg droughts and periods of limited
supply. While many water districts do have consgowmearate structures that discourage waste,
there is still less incentive to encourage congemahan with fully decoupled rates. For this
reason, the conservation goals of energy and waétiies are understandably different.
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Southern California Edison Incentives

Southern California Edison is one of the largestteicity providers in the nation, serving more
than 13 million people across 50,000 square mile®oathern, central, and coastal California
(Southern California Edison, 2009a). SCE generates a third of the power it delivers, coming
from large nuclear, natural gas, hydroelectric, soldr generation facilities. SCE also maintains
an expansive transmission and distribution systeguide the reliable flow of electricity to its
customers. As an IOU, SCE must be responsive t@kbllers and its parent company, Edison
International, but is also closely regulated by@JC and the Federal Regulatory Commission
(FERC) (Southern California Edison, 2009b).

Under current conditions, Edison finds itself afpdimg to maintain its core business and meet
evolving requirements to increase renewable engeggration while helping to reduce the GHG
emissions from electricity provided to its custome3CE recognizes these goals and actively
supports the California’s energy reduction tardptsvorking to assist their customers to become
more energy efficient. Through the combination ioéct energy efficiency measures and an
increase in renewable energy production, SCE isagoldio reduce its GHG emissions to 1990
levels by 2020. As the first priority in Califorrsaelectricity loading order, the CPUC requires
that energy efficiency goals be satisfied priomeeting electricity demand through demand
response, renewables, and distributed generatialif¢@ia Energy Commission, 2005).

Partnerships

Public oversight from state agencies such as tHé@C R EC, and California Independent
System Operator (CAISO) partly drive SCE’s effontsssisting customers to use electricity
more efficiently. The CPUC approves rate changesrales relating to customer charges which
guide SCE'’s policies and strategies for meetingaruer electricity demand and the adoption of
renewable energy and efficiency goals. By providirfigrecast of energy needs and licensing of
new power plants, the CEC also plays an importaetfor SCE in promoting efficiency

(League of Women Voters of California, 2005). Th&ISO provides the management of
statewide electricity transmissions, which ensaotegrity of the entire grid during peak demands
periods. In order to effectively manage the eletttrigrid CAISCO requires that partnerships
exist between utilities and their large customershtave power use at peak times. Within this
complex arrangement of planning and regulation, 8&&developed many programs to meet the
energy and environmental goals of the state.

Energy Efficiency Programs

In order to capture a broad range of energy efimyeopportunities, SCE manages many
programs that will reduce electricity demand, imserenewable energy production, and provide
customers with information to save energy and mo@egtomer oriented initiatives include
improving distributed power through incentivizingla electric generation and the installation

of efficient combined heat and power generatoreeOprogram such as SmartConnect will
install all new “smart” electric meters, allowingstomers to better manage electricity use
(Southern California Edison, 2010a). Perhaps thst maportant programs are those that provide
information and rebates to assist customers ine@mphting energy efficiency projects.
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Business Incentives & Services Program

SCE provides direct incentives to residential ansifiess customers for the purchase of energy
efficient equipment (Southern California Edison1@B). From lighting to HVAC and even food
preparation equipment, SCE’s incentives are dedigmeeduce the initial cost to the consumer
of common appliances and electronics. Other progtéuat SCE offers to small business
customers include a direct install program whiobvdes free energy savings analysis and
products such as efficient refrigeration technatsgifluorescent lighting and LED lighting
(Southern California Edison, 2010c). Other avadgtrograms help with energy efficiency
during remodeling save money during the summer peakd, and educate customers about
energy efficiency and saving money (Southern CatlifoEdison, 2010b).

To further meet the demands of the commercial seSOE employs trained Account Executives
to assist these larger customers, and when therergst, perform on site evaluations or audits
to identify cost effective opportunities for energfficiency. These audits provide some of the
only direct customer interaction for SCE as repnege/es assess existing lighting, HVAC
systems, and other electricity consuming appliadepending on the business. With the targets
for energy efficiency increasing, improvementsha audit process or scope may provide a
method to achieve additional electricity savings: ECE and their efficiency seeking customers,
additional opportunities may exist to save money i@sources. To assess the potential
opportunities, we partnered with three of SCE'shotistomers to perform a combined energy,
water, and natural gas audit in order to measwrédial resource use from specific technologies
within the commercial sector.
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Approach

Targeting the Commercial, Industrial and Institutional Sector

Given that the majority of urban energy and wass im Southern California comes from the
residential sector, it has been the focus of bodrgy and water conservation efforts. However
due to the high energy intensity of commercial enttlistrial water use, the CIl sector alone
accounts for over 50 percent of total end user mralated electricity and natural gas use —
exceeding the residential sector (Klein, 2005)rdeawith the fact that the CII sector has the
second highest potential for urban water conseymati Southern California (Table 2); it's
evident that water conservation in the Cll segnoant potentially rival the large opportunities to
reduce in the residential sector in terms of comdbiresource savings and benefits.

Table 2 California urban water use and estimated agservation potential

. . . Best Estimate of Potential to Mlnlmum Cost
California Urban Water Water Use in 2000 c . Effective
onservation Reduce Use .
Use By Sector (AFlyear) (AF/year) (%) Conservation
(AFlyear)
Residential Indoor 2,300,000 893,000 39 893,000
Residential Outdoor 983,000 - 1,900,000 360,0080;@0 25-40 470,000
Commercial/lnstitutional 1,850,000 714,000 39 658.000
Industrial 665,000 260,000 39 '

Source (P.H. Gleick et al., 2003)

Selecting Hotels

In deciding which area within the CIl sector to lgma, we relied heavily upon the recently
completed WEEP Report (Bureau of Reclamation, 20099007, the BOR partnered with the
CEC and Metropolitan Water District of Southernifoahia (MWD) in order to examine
opportunities to integrate water and energy efficieprograms. Their report focused on ClI
customers, who across energy utility, water distm@astewater sanitation districts, and other
state and local agencies, represented some ddrifpest energy, water, and natural gas users.

In order to determine which CII customer classesewiee largest combined resource users and
therefore had the highest potential for savings;BOR collected data for Southern California
from the CEC (electricity, natural gas), the Wewd &entral Basin Municipal Water Districts
(water), sanitation districts of Los Angeles Coufwastewater), and the City of San Diego
(water, wastewater). Using this averaged data tB&E®/report then ranked total electricity,
natural gas, water, and wastewater use for alCtheustomer classes (Bureau of Reclamation,
2009).

Based on the North American Industry Classificatiyistem (NAICS), the BOR identified 15
key CIlI customer classes to target for future watet energy programs, which included
Casinos, Restaurants, Hospitals, and Laundry SExvi@f these segments, Accommodations
particularly is relevant due to its multiple eneayyd water needs (Table 3); which include
resource intensive end uses such as laundry seyvestaurants, and landscaping. The
Accommodations sector also stands out due to @saic importance to California as a whole,
and especially to Southern California — where epergensity of water is the highest in the state.
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Table 3CIl Accommodation sector resource use and Cll rankig

NAICS Code and Description: 721 Accommodation
- Percentage of Southern California total utility volme used by Accommodation Sector
Utility .
Accommodation Sector Cll Rank
Electricity 2.5% 8th
Natural 5.4% 4th
Gas
Water 5.0% 5th
Wastewater| 4.4% 5th

Source: (Bureau of Reclamation, 2009)

We selected three hotels in Southern Californiaredted in analyzing their water and energy
use. Two local hotels were chosen, one in Goleteoae in Santa Barbara, and another in
Moreno Valley (Riverside County). The local hotpisvide an interesting contrast since the
Goleta facility is less than three years old whiile Santa Barbara hotel was built in the 1980s.
The Moreno Valley hotel was chosen specifically tuthe high embedded energy in the water
that serves the area, which is primarily importeohf Northern California and the Colorado
River.

Significance of Tourism in Southern California

Approximately 351 million domestic and internatibresitors traveled to and through California
in 2008 (“California Tourism Highlights - CaliforaiTourism Industry Website,” n.d.). Over the
course of the year, the international visitors alorcrease California’s population by over 33
percent (“California Statistics & Trends - CaliftariTourism Industry Website,” n.d.)These
numbers represent a serious economic influx tetike: in 2008 direct travel spending was
$97.6 billion — providing 924,000 jobs and $4.4ibil in local and state tax revenue (Dean
Runyan Associates, 2009).

The pillar of California’s tourism economy is the@mmodations industry: visitors spent $16.2
billion on lodging alone in 2008, which supporte88300 jobs in the accommodations and food
service sector (Dean Runyan Associates, 2009). &e12001 and 2007, accommodations and
food services was thd"4astest growing industry in California, with a grit rate of 14.6

percent (California Economic Development Partngrshd09).

Central and Southern California economies partiulaly upon accommodations — in fact 71
percent of California’s entire lodging inventoryiagated in these high tourism regions
(California Tourism Industry, 2009). In Santa Bagb&ounty, the location of two of our case
study hotels, the accommodations and food seradasitry was the seventh fastest growing
industry in the county — growing 6.8 percent betw2601 and 2007 (California Economic
Development Partnership, 2009). Visitors spenta tf $343 million on accommodations alone
in 2007, which employed 10,300 people (Dean Russociates, 2009). Riverside County, the
location of our third case study hotel, didn’t esipace the same growth but employed four
times as many people in the Accommodations seatat,earned over $1 billion in 2007 (Dean
Runyan Associates, 2009). However due to the ecan@oession, California hotel revenue in
2009 is predicted to experience its largest dedfirannual revenue since 1932 (PKF Consulting,

! Assuming a 36.7 million CA population, and 13.4 riiion international visitors in 2008. SourceThe
California Tourism Industry, http://tourism.visitifarnia.com/Industry/Research/CaliforniaStatistiosnds/.
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2009). Strategic investment in decreasing operatsgs such as utility bills can be an important
way to offset that decline.

Prior Research

As mentioned previously, more research on residewtter end use and behavior is available
than studies in the CII sector. Notably, the 19&Hand Mayer et al 1999 studies were some of
the first to accurately assess water conservatbenpial by closely measuring water end use and
have yielded valuable information on actual wats hehavior. Unfortunately such a thorough
water use assessment doesn't yet exist for the $eteor. Most previous studies attempting to
characterize commercial and specifically accommiodattility savings opportunities have

either relied upon generalized regional data asdraptions concerning water use or specifically
characterized water use either in terms of pergentd total by end use or summarize water use
in terms of gallons per day per guest/room (Bum&areclamation, 2009; P.H. Gleick et al.,
2003). See Appendix E for an overview of previoudex use characterization studies.

Previous commercial and hotel studies, while usefudid specific measurement and complete
characterization of water end use and instead reyaier use per room or guest instead of actual
end use. Since it is unknown through what end lusevater is coming from (i.e. showers, pools,
laundries), determining the actual calculationesfaurce savings potential is not possible. The
few studies which have employed data loggers awd fitace analysis (see (Mayer & DeOreo,
1999) for a comprehensive study on residential mextd use; and several hotels in the (Redlin,
DeRoos, Administration, & Foundation, 1990) studd #Greater Vancouver Regional District,
1998) study provide sub-metered water data) havwe leccurately characterized water use and
savings potential. However, these studies havergghdirect energy savings opportunities as
well as multiple benefits of saving both upstreard downstream embedded energy in their
savings calculations. Our project’s goal is to aately determine specific water and energy
savings potential at three case study hotels. Agtioreed, a precise analysis of savings potential
is dependent upon accurate characterization ofraat energy end use.

Not only is the hotel sector financially importaatCalifornia as a whole, but as mentioned
previously it has been identified as having a laxg@bined resource savings potential.

Estimates from the BOR show that efficiency in gas end uses in the Accommodation sector
can yield large percentages of water, electrieibg natural gas savings — see Table 4 (Bureau of
Reclamation, 2009). However these figures are géined based on averaged data from

different energy, water, natural gas, and wastaveajency service areas. Because of this, the
predicted utility savings in the table below aredzhon hotel end use assumptions and may or
may not be representative of actual Accommodatsaator savings potential. For this reason,

our project selected three case study hotels ieraadidentify resource savings from specific

end uses.
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Table 4 Potential savings by end use in the accomuhations sectof

Water and Energy Savings Potential for Accommoda8ector
End Use Water Electricityy Natural Gas

Swimming Pools 30% 50% to 70%60% to 70%
Laundry* 10%-90% | 45% to 80%45% to 90%
Plumbing Fixtures*|  20%-50%| 10% to 25040% to 25%
Lighting - 30% -
Cooling 20%-30% 20%-30% -
Landscape 20%-50% - -

Food Service 10% to 30%10% to 30%| 10% to 30%

Source: (Bureau of Reclamation, 2009)

% The reported energy savings for the starred end usewill either come from electricity OR natural gas
depending on the machine or heater energy source.
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Part | Summary

Water and energy are intrinsically linked, yet tesources are managed and planned separately.
This lack of coordinated management causes mangrappties for combined energy and water
savings to be overlooked. California leaders agirimeng to see the need for integrated
management; especially as population projectioadipr significant growth in California and
subsequent increased water and energy demand.\Eunéities like SCE will have to expand

the current infrastructure to meet the potentialrgh in demand. Climate change projections
could potentially further stress the water supplgZalifornia, making it extremely difficult to
meet the water needs of growing populations. Rebagrantifying the benefits of combined
energy and water conservation needs to contin@akf®rnia designs conservation programs
and policies that focus on combined energy andvedtieiency (California Energy
Commission, 2005).

This project aims to demonstrate that combinedggnand water saving strategies provide
simultaneous benefits to businesses, utilities,taagnvironment. There are difficulties which
state agencies, utilities, and businesses experi@hie working toward efficient resource
management. The difficulties can range from adrraiis’e, financial, legal, and technical for
both businesses and the utilities (Bureau of Reatemm, 2009). The WEEP report lays out a
framework for assessing combined water and enarggearvation opportunities in the Cll sector
(Bureau of Reclamation, 2009). We chose one ottimemercial classes highlighted in the
WEEP report, hotels, to focus on for our case studiVe found three different hotel case
studies: two in Santa Barbara County, and one weiRide County. The hotel sector is one of the
largest and fastest growing industries in the state group chose to focus on hotels not only
because of the large opportunity for energy aneégmainservation, but also because the variety
of end uses at hotels can also be applied to médngy oommercial sectors. Each case study has
regional differences in water supply, energy demand the intensity of embedded energy in
water.
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Part Il: Integrated Energy and Water Audit
Case Studies
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Methods: Auditing Justification and Procedure

SCE Electricity Audits — Method and Interpretation

The following analysis is based on SCE audit gutgastiocuments, communication with SCE
staff, and observations of actual SCE audits. TBE Sudit method for hotels is focused on
lighting and HVAC efficiency measures. First, thalding professional notes the exterior lights,
size of building, and age of building. Once indilde hotel the lighting is inspected in all

common areas and then in a sample of guestroonesadditor does not inspect each guestroom,
but the data gathered in a sample of guestroomgriapolated over the total number of
guestrooms. Each different area of the hotel isl&bas a specific use area: lobby, conference
room, hallway, kitchen, or guestroom. For exteand interior lighting the auditor notes the

lamp type, ballast type, number of lamps, and tfpeontrol (manual switch or automatic
sensor) for all the use areas. The data for giitig used in each use area of the hotel is ehtere
into a software system that computes retrofit tssul

HVAC inspection begins at the exterior of the buiggas the auditor notes any air conditioning
units that may be visible. The most common air dosring units used in guestrooms are
individual Package Terminal Air Conditioning (PTAM)its, which often have part of the unit
installed on the exterior of the guestroom. Dutimg) interior inspection, the auditor confirms the
type of air conditioner used in the sample of gweshs. If the air conditioner is a PTAC unit the
type of thermostat, control set points, and nanmep@ee noted. If the guestroom uses a water
chiller unit the auditor asks the facility manageout usage trends and control settings. The
same procedure is followed for the inspection ojédacommon areas like the lobby or dining
room. If the common areas are water chilled thetautinds the number of units, size of chiller,
nameplate of the model, and control set pointsvls lighting, the data is entered into SCE'’s
auditing software to generate retrofit savings ltesu

Overview of Synergy Methods

To analyze the estimated annual water, naturahgdslectricity consumed by each end use
category at the hotels, we used the informatiotectdd from audits, hotel staff, and a thorough
literature review. After obtaining specific resoengse numbers, we calculated the embedded
energy used in delivering and treating the watasamed by the hotel. By doing so, we can
suggest the areas where there may be benefitligraBd other utilities to encourage efficiency
for their hotel customers. Furthermore, we ana\@€#'s energy mix to estimate the GHG
reductions by kWh saved through water conservatiah more broadly, end use efficiency
potential at our case study hotels.

Our group designed an integrated energy and watkt arotocol, theSynergy Audjtto
supplement SCE'’s traditional energy audit by quginty the energy related to all water
consuming end uses. We performed these procediomegside the SCE team, members of the
local water districts, and hotel staff membersaateof the three hotel locations. A week before
administering the integrated audits on site, thielhnanager was asked to fill ouP&e-Audit
Questionnaire The questionnaire requested that the managerideracility specific

information such as, establishment and renovatatas] number and type of rooms, occupancy
rate data, and access to the electricity and vidterover the past three years. The information
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not only made the auditing team better acquaintéd tive hotel, but also provided important
data used in calculating the typical yearly eneaggl water uses.

Each Synergy team member became specialized ioramere of the six hotel water end-use
categories: Laundry, Domestic Fixtures, LandscahgAC, Pools and Spas, and Food
Service. On average, each audit lasted 3-5 hondswhile each member was responsible for
their designated categories, everyone was invdlvéige entire process. Table 5 shows the
resources needed for the various energy and wadkeuges. The entifgynergyAudit Guidance
DocumentandPre-Audit Questionnairean be viewed at the end of the report in Appe’dix

Table 5 The technologies that the Synergy studiedd the resources used by each

Type of Resource Used by Each Targeted End Use
Fixture Electricity

Ice Machines

Dish Washers

Pools

Washing Machines

Faucets

Shower Heads

Landscaping

Toilets

Food Service

Food services are known to represent a substgatiabn of the energy and water demand
across commercial buildings. In fact, food servicessume approximately 2.5 times more
energy per square foot than other commercial mgkli While full service restaurants comprise
the major share of foodservices in the commereeias, lodging constitutes a non-trivial share
of the market. In the year 2000, 4.5% of all conuraifoodservice sales in the United States
were attributed to lodging services (ConsortiumEaergy Efficiency, 2005b).

While it is common for many large, resort style inesses in the accommodations sector to offer
extensive food and dining services, the three b@ehmined for this project did not offer a full
service kitchen. The Goleta hotel has a partialisetkitchen equipped with an oven, sink, dish
washer, microwave, and ice machine. The Santa Batzdel provides only a coffee bar to their
guests. The hotel in Moreno Valley has a relichett that is currently used only for heating
continental style breakfasts and dish washing. M#ryloreno Valley’s kitchen appliances are
no longer hooked up or in operational capacity.

Previous studies have identified priority retrééitgets and management practices for reducing
either energy or water consumption in commerciatifeervice establishments and served as
important references for this project (San FramcBepartment of Public Health, 2009);
(Efficiency Partnership, 2006); (Karas et al., 20@Blorth Carolina Division of Pollution
Prevention and Environmental Assistance, 2009) osohotel audits, eight appliance targets
and behavioral aspects were considered when agditinll service kitchen:
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Pre-rinse spray valves;

Steamers;

Water heaters;

Ice machines;

Dish washers;

Hot water system insulation;

Automatic flue dampers above burners;
Recirculation pumps on the hot water system

N~ WNE

To corroborate the scope of our inspection, pesearch by the Consortium for Energy
Efficiency (2005), summarized in Table 8, revedleslfollowing water and electricity savings
potential when upgrading outdated conventionaliappés:

Table 6 Potential water and electricity savings foselected food service fixtures

Appliance Water Saving Potential| Electricity Saving Potential
Pre-rinse spray valves30%-60% N/A

Steamers 90% 30%-50%

Ice Machines 20%-40% 15%-50%

Dish Washers 30%-50% 30%-50%

Source (Consortium for Energy Efficiency, 2005b)

The analysis for food services was both qualitaéing quantitative. Qualitative aspects focused
on management practices and did not attempt taeaptumerical savings to water, natural gas,
or electricity. For instance, maintaining soundaitiation on the hot water piping and tank
system prevents energy loss that takes place thrioegt transfer. Similarly, deactivating the
recirculation pumps on the hot water system attrogliluring non-business hours can save
electricity or natural gas costs. Additionally, peey the dish washers in the automatic conveyor
mode recommended by the manufacturer optimizesiresase for each wash cycle.

Qualitative analyses also focused on pre-rinseysgbves. The main objective was to ascertain
whether hotel kitchen services were employing e af water efficient sprayers. Yet, the only
pre-rinse spray valve encountered during our inspeevas at the Moreno Valley hotel. Flow
rate calculation revealed the spray valve to opeaatl.6 gpm, which is within the bounds of
conventional high efficiency sprayers (North CaralDivision of Pollution Prevention and
Environmental Assistance, 2009).

Quantitative analyses were designed such that ncahapproximations of water, electricity,
and natural gas use could be assigned to eaclarglod service end use. Specifically,
guantitative analyses were conducted on food serege machines and dish washers.

Calculations for ice machines first require mantuesr information on the gallons of water used
per 100 pounds of ice production, electricity uped 100 pounds of ice generation, and ice
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harvest rate in 100’s of pounds per day. From thresgumptions on average use and operational
capacity were made to approximate monthly or anresgurce use. Our analysis assumed ice
machines operated at 75% of capacity annually enage (Pacific Gas and Electric Company,
2006). Annual ice machine water consumption (imogel) was computed using:

Annual ice machine water consumption (gallons) =
0.75% Harvest_ratex (gallons/10dbs) x daysx units,

whereharvest ratds the daily maximum production of ice in 100gpolundsdaysis the number
of days used per year, anditsis the number of units of the chosen model afdah#ity. Annual
ice machine electricity consumption was found bytiplying the manufacturer provided kWh
specification by the harvest rate and summing 88&rdays of use:

Annual ice machine electricity consumption (kWh).Z5x Harvest ratex (kWH 100bs) x days

Water, electricity, and natural gas use were datexthfor dishwashers in a method very similar
to the one used for ice machines,

Annual dishwasher water consumption (gallons) =
(gallond rack/unit) x (cycleg day) x racks< (usd weelkx52,

whereracksrepresent the number of racks in the washewuaefiveeks the number of uses per
week averaged over the year, gradlons/rack/unitis provided by the manufacturer. Annual
dishwasher electricity consumption was found bytiplying the kilowatt (kW) rating of the
machine by the estimated number of operating hperyear:

Annual dishwasher electricity consumption (kWh) =
idlex (wash_time/60) x racksx (days_used yean,

whereidle represents the electricity consumption (kWh) wtienmachine doors are closed and
wash_timaepresents the minutes required to wash one Tdekidle function was provided by
the manufacturer for the machines studies in oalyars. Annual dishwasher natural gas
consumption was computed using the following fuorcti

Annual dishwasher natural gas consumption (theems)
therms<(gallons_hot_water/usg x racksx (use weel x52,

wherethermsis the natural gas required to heat one gallomatér to washing temperatund/
from 55 degrees Fahrenheit,

[834Btux (W°F -55°F)]
10Q000Btu/therm
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Pools and Spas

Since pools and spas require water, natural gaselactricity they are among the most resource-
intensive end uses at hotels. In order to deterthi@@isage at our case study hotels, we recorded
the pool and spa heater, circulation pump, and Bgkcifications. These measurements,
combined with operational data provided by hotaff§see Appendix A for pool and spa

auditing forms) provided the information necesgargalculate the pool and spa resource use
described below.

Monthly pool and spa water use (gallons) due tgexative loss was calculated using the
following equation:

Pool Evaporatie_Water Loss= Pool_Surface Areax Evaporatio_Rate

where the local evaporation rate was assumed égjbal to the measured evapotranspiration rate
based on local temperature (California DepartmélVater Resources, 2009). In addition to
water replacement due to evaporation, hotels asiodically drain and refill their spas

anywhere from several times a month to once ewepynionths.

The following equation calculates the daily elesityi use of pool and spa pumps (kWh):

Pump_horsepowex 0.74&kW/ horsepowex daily _run_time=kWh_electriciy

The pool pump run time varies by hotel and depemds how long the pool pump timer is
programmed for. Spas also use electricity to reir flet pumps, which can be calculating using
the same equation as above by estimating the tiatdhe jets are operated.

The electricity used by pool and spa lights isnapte function of the light wattage multiplied by
the run time of the lights:

Light_ wattage<daily_run_time/1000= kWh_electriciy

Finding the natural gas used to heat pools andrggasres calculating the complex relationship
between the initial pool temperature, the desiesdperature increase, combustion rate of the
heater, heat loss from evaporation, the ambienpéeature of the air, wind speed, and the pool’s
volume.

Our analysis does this by first calculating theuraltgas needed to heat up the pool or spa to its
programmed temperature when turned on in the mgyaind then finding the natural gas
equivalent to the heat lost from the water surfa¢ese two equations are listed below:

water_volumex (final _temp-initial _temp x 834= BTUs_Energy

surface areax(final _temp-initial _temp xoperating timexloss_factor= BTUs Energy

See Appendix C for a detailed explanation of thel pmd spa calculations.
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Heating, Air Conditioning, and Ventilation (HVAC)

The DOE estimates that HVAC systems in U.S. housshaccount for 31% of total electricity
use. Hotels employ similar patterns of HVAC elatityi usage and some HVAC processes
require large amounts of water as well. Specificaillater is needed for large air conditioning
systems that utilize cooling towers and for hotewdieaters. To identify the opportunities for
water conservation in cooling towers and hot whtsaters we first found how each technology
operated and identified the processes where itavoelvisible to us if water resources were
being wasted. We did not directly observe the dsmoling towers in our hotel audits, but
cooling towers are such intense water users mportant to discuss a method for assessing
cooling tower water use.

Cooling Towers

Most air conditioning in hotels doesn’t involve @oting tower, as each individual room has a
separate air conditioning system. Small air coaditig systems use ambient air, electricity, and
chemical refrigerants, but do not use water. Cgaiawers are needed when large common areas
like the lobby, meeting rooms, or eating areascaseral air conditioning. There are two main
types of cooling towers: direct (open circuit) ndirect (closed circuit). Open circuit cooling
towers allow the water being cooled to have contaitt surrounding air. Indirect cooling towers
completely contain the cooling water in tubes aadhdt allow access to outside air
(Betterbricks, 2005). Both types of cooling toweperate on the same principle: warm air is
blown over a stream of water to force some of thgewto evaporate. The evaporation process
cools the stream of water that is in the unit, dredcooled water is stored and piped to air
handlers throughout the building. The constantewtlevaporations requires the cooling tower
unit to continually make up the water lost to evapion (Cooling Technology Institute, 2009).

In open circuit systems, it is important to reuseraich water as possible, but the mineral build
up in recycled water can cause scale build up iamtithe effectiveness of reusing water. Also,
impurities in left in the water can lead to thewtio of harmful pathogens. Therefore, the
remaining water must be completely flushed outefdystem at regular intervals, a process
called “blowdown”. We identified that it is at tlbowdown point in the cooling process that
water could be conserved, especially if the codlowger is not running efficiently. Visible leaks,
blowdown blockage, automatic blowdown functiontset frequently, and lack of insulation on
the pipes are all signs that a cooling tower istiwwgsvater (Iklim Ltd Sti, 2006).

Hot Water Heaters

Hotels need the ability to heat significant amowfita/ater to meet the demand of their guests.
An efficient water heater uses less electricitpatural gas, and saves the hotel money on their
electricity or natural gas bill. During our hoteldits we noted the model, type, and capacity of
the water heater. There are several indicatorsstiaw if a hot water heater is running less
efficient than possible: lack of insulations oreinhnd outlet pipes, a maximum temperature set
higher than needed, and absence of heat trap vaividee inlet and outlet pipes (United States
Department of Energy, 2005). Complete insulatiothefpipes running out of the water heater
increases efficiency, since less heat is allowezst@ape from the pipes as water is pumped
throughout the hotel. Insulation jackets aroundtéimk and insulation foam under the tank also
increase efficiency. Heat trap valves control @vent conductive heat loss at the point where
the inlet and outlet valves connect to the hot wiatiek. We also noted or asked the hotel
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manager the year of installation for the hot wateaiter, since hot water heaters older than ten
years operate at 50% efficiency (Clean Air Trus0®.

Data Analysis

During our hotel audits we found that the threeslsoive assessed do not use cooling towers as
part of their air conditioning system. The Morenall&y hotel uses split system air conditioning
where each room is cooled individually. The SardgbBra hotel and the Goleta hotel use
individual units for their guest rooms and commogeaa. Although we did not directly observe
the use of cooling towers in our hotel audits &ti§ important to show how water savings would
be calculated. Cooling towers are intense energyater users and are common in large hotels.
The USEIA reported that HYAC and hot water heaangounts for 26% of the electricity
consumed in hotels (United States Energy Informmadidministration, 2008). The water needed
for cooling alone uses about 26% of the total watersumed in hotels (SWFWMD, 1997).

Indirect and direct cooling towers use the sameuwarnof water. It is the humidity, wet-bulb
temperature, water temperatures coming in and falieacower, and amount of water lost to drift
that determine how often a cooling tower must Haleer down and make-up water. The
calculations for determining cooling tower watee @se both qualitative and quantitative. For
the qualitative analysis the cooling towers shdadd/isually inspected at each hotel. Then, the
cooling towers should be inspected for leaks asdalisigns of mineral buildup. If there were no
obvious leaks or mineral buildup it should be assaditthat the cooling tower was running
efficiently. A complete cooling tower audit shoufttlude questions to the operating manager at
the hotel about typical use patterns of the codiawveer.

For the quantitative analysis the auditing teanukhdetermine the actual water use in each
cooling tower by calculating the amount of wates tooling tower requires for make-up.
A simple equation for determining make-up is (Iklirta Sti, 2006):

Make_Up(gpm) = Evaporation (gpm) + Blowdown (gpmlrcontrolled losses, drift (gpm)

A more detailed expansion of the above calculatioould account for variable operating
conditions: tower water flow, hot water temperajwad water temperature, wet bulb
temperature, and drift rate (SPX Cooling Technasgl009). Output for water use includes:
evaporation, drift, blow down, and total water uBEke auditing team should then compare the
calculated water use with the stated cooling towger patterns from the hotel manager to create
monthly averages and yearly use averages.

Laundry

Hotel on-premise laundry facilities use a consideramount of electricity, water and natural
gas, with water and wastewater accounting for dictifie total operating costs (Alliance for
Water Efficiency, 2010). Industrial washing andmmemise laundries in California use nearly
30,000 AF of water each year (Cohen, Ortez, & Rafks2009). Almost all hotels do all laundry
on premise and the potential for water conservaasts in most facilities (Alliance for Water
Efficiency, 2010). During the auditing procedutas important to gather information pertaining
to the sheets and towel re-use policies, frequeiming, and settings of washes and the clothes
washer model(s). Changes to any of these aspeht#aflaundries can save significant
resources, but there is a balance between sawognees and still maintaining quality cleaning
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of sheets and towels necessary for the hotel bssifEcause commercial clothes washers can
be extremely expensive to replace, it is importardonsider behavioral modifications or less
costly technical adjustments prior to large capitaéstments in more efficient technology.

Energy and water use per load can also vary wéltifcle settings, such as temperature and
speed, but it is typical for those settings to lmmaged and maintained by contractual service
providers rather than the hotel themselves. Thellpatdicy on washing sheets and towels has
been proven to substantially impact the loads pgrsi it is essential to note the current policy
in order to make behavioral suggestions to thel héte instance, many hotels put linen reuse
place cards in each room to explain the valuenagiireuse, and how to signal the housekeeping
staff to change the sheets and towels. For eaolbiratase study hotels, they change the linens on
every third day of a guest’s stay unless requésteld otherwise by the guest. Furthermore,
there is value in noting whether or not the stadfghs each load before it is washed to ensure
each machine is run at maximum capacity. The lat@simercial washing machine models tend
to be the most efficient, and while it is not exjgelcthat the hotel make frequent expensive
upgrades, it is important for the managers to barawf the savings potential of replacing or
retrofitting older equipment.

To assess the water and energy conservation patehthe on-premise laundry, it is imperative
to determine the cycle frequencleach machine and apply that to émergy and water use
specificationof that model. Ideally, one would put a meter lo@ Wwashing machine to measure
actual energy and water use. Our case-study haittlsot keep a log of the washing machine
cycles, but they provided us with an estimate efrtinimum and maximum cycles per day on
each machine.

It is assumed that the occupancy of the hotel hassdive linear relationship with the frequency
the washing machines operate throughout the daguAtase study hotels, occupancy rates
were presented as the average percentage of radensysmonth, over at least the past two
years. Using the monthly data we were given, weames the percentages for each month to
estimate the monthly occupancy over a typical year.simplicity, it was assumed that each day
of the month had the same average monthly occupateyTo estimate the cycle frequency for
each washing machine at the hotels, we creategkarlrelationship between the minimum and
maximum loads per day and the minimum and maximwnthly occupancy rate by applying it
to the slope-intercept equation for a line. Farheimachine at the hotels, we assumed a linear
relationship between the cycles per day and thepsowcy. Once we determined the cycles per
day, we extrapolated that frequency out for th&emhonth, and aggregated all of the monthly
cycles to estimate the cycles per year.

cycledday= percent occupancy factor+ offset

The manufacturer specifications of each model tepdahe average electricity, natural gas, and
hot and cold water used per cycle. To determinertbethly and annual resource consumption
by each on-premise laundry, we applied our resotwosumption estimates to the daily,
monthly and annual cycle frequency. Appendix D pies a detailed description of the specific
data analysis calculations, resource consumptisuitseand retrofit recommendations for
laundry.
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Domestic Fixtures
Characterizing the energy and water use from “ddiméstures” — which includes faucets,

toilets, and showers — is difficult as it involvaghly variable human behavior patterns in
addition to fixture specifications.

Our analysis relied upon fixture measurements tateur three hotel case studies, including
toilet gallons per flush (gpf), showerhead gallpes minute (gpm), and faucet gpm. These
specifications were compiled with occupancy infatior@and assumptions concerning usage of
the fixtures to calculate guest and employee waage per fixture type. The fixture water use
assumptions were taken from water use studiesugisd in Appendix E), while facility
manager observations helped us calculate watanusemmon areas such as lobby and pool

bathrooms.

The following equations model shower, faucet, anlet water use attributed to hotel guests:

Hotel Monthly Occupancyl8x3x measuredtoilet flow=Guest Toilet Water Use

Hotel _Monthly Occupancy 1.8x 0.75x 8.2minutesx measured showerhead flow
= Monthly_Guest_shower_water_use

Hotel Monthly Occupancy 1.8x3x 011 minutesx measured faucet flow= Guest faucet use

Note that our analysis assumes 1.8 guests per ieccrgom during the off season, and 2.5
guests per room in the peak tourist season. Sde Tdielow for the assumptions used in these

calculations.

To calculate employee water usage, our analysesrapon previous studies that have
characterized employee restroom frequency along mvéasured specifications of the employee
toilets and sinks:

#_Employees 26xdays _per_monthx measured employee toilet_ flow
= Employee Toilet Water_Use

# Employees 26x 011minutes<xdays per_monthx measured employee faucet flow
= Employee Faucet Water_Use

Other fixtures not captured through guest and eyg@@nalyses included disparate sources such
as lobby bathrooms, employee break room faucdts)da food preparation areas, pool area
bathrooms, and gym bathrooms and showers. Dughkdyhvariable use of these facilities, our
analysis relied upon estimates of use from intevsieith hotel managers — those most aware of
facility use. The equations below outline our ctions of common area urinal, toilet, and

faucet use:

Manager_estimation_use_per_dayx 025xdays_per_monthx measured urinal _ flow
=Common_Area_Urinal _Water_Use
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Manager_estimation_use_per_dayxdays_per_monthx measured toilet_ flow
=Common_Area_Toilet Water_Use

Manager_estimation use_per_dayx 011 minutesxdays_per_monthx measured faucet flow
=Common_Area_Faucet Water_Use

Note that in general these sources were the smatlefributors to the hotel’s overall fixture
water use.

Table 7 Assumptions for domestic fixture use, basesh various studies

. Toilet flushes | Urinal use | Shower | Shower Faucet
Fixture . . . : .

per capita | per capita | per capita | duration | minutes

User ) ) . Y- .

per day: per day: per day: (min): per day:

Guests 3 N/A 0.75 8.2 0.33
Employees 2.6 N/A N/A N/A 0.29
Visitors Estimated through Facility Manager 8.2 0.11

Interviews

Once we had calculated fixture water use by arddraguency, we calculated the natural gas
use for heating that water (for showers and fajieesisig the following equation:

Fixture_water_usex 0.73x5395=BTUs_Fixture_ Natural _Gas_Use

Where seventy three percent of the water usedeigittks and showers at the hotel was assumed
to be hot, and therefore require natural gas fatihg. All the assumptions used in our fixture
calculations are reported above, and a full expianaf these assumptions and sources can be
found in Appendix E.

Landscaping

Landscapes at hotels often convey an image of beauat place. Well maintained plantings help
represent the hotel and allow it to fit into itsrewndings. While many hotel guests will not
notice the landscape, others may truly enjoy thgiroundings because of the design and plants
within the landscaping. By pursuing landscape wsa®ings without losing track of these goals,
the hotel can maintain its desired image and atsmbre efficient. Saving water in the landscape
provides the hotel with the single largest oppatjuto reduce water waste. Although not
associated with significant direct or downstrearargy costs, energy embedded upstream in the
water cycle can be significant for water importedd distances, resulting in indirect electricity
and GHG savings. In addition, where water distrietge moved to a tiered rate structure,
strategies that realize large water savings cae haweven larger marginal decrease in cost by
getting water use into a lower tier, reducing thé price.

Two main goals were part of the landscape evalnaiitentifying the water needs of the existing
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landscape, and estimating the water delivered éyrtigation system. Assessing the outdoor
landscape water use at our case study hotels eebair extensive examination of the plant
species present, environmental conditions of thddeape, and the irrigation systems. By
understanding the watering needs of the plants;dhditions that affect evaporation and water
loss, and the irrigation patterns such as frequethanation, and method, we can identify specific
practices that are inefficient and wasteful wata.u

Determining Water Needs of Plants

To evaluate the water needs of the landscapinglogemented the plant species present within
each zone in order to calculate each species’ wedglirements, and the maximum water needs
of each zone. Information regarding the plant dgngithin each zone, and the microclimate
conditions were also recorded in order to betteleustand parameters that affect
evapotranspiration within each zone.

Measuring Water Applied by Irrigation

Working with staff at our case study hotels, we oadly turned on all functioning irrigation
zones to document the condition of the irrigatigstem. When available, maps of the irrigation
zones were obtained for reference and hand dravem wht available. Necessary repairs to the
irrigation system were noted such as problemsgdikaing, overspray, lack of mulch, and
broken or poorly adjusted sprinklers, otherwisewmnas spray heads (Figure 12). Pooling
results from water being applied at a rate highantthe infiltration capacity of the soil, and
often leads to running off the soil. Overspray asauhen spray heads are broken or poorly
adjusted, applying water to a non-irrigated surféwayation zones were also assessed to
determine if more efficient methods such as drigation could be installed to retrofit the
existing systems. Photos of zones were taken tbdudocument plant types and note particular
irrigation problems.
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Figre 12 Examples of runoff from pooling and Iaclofulch (left) and broken spray heads (right)

Settings for the irrigation controller were als@pxned to record watering day(s), start time(s),
irrigation duration, and settings for the water gpeidfeature. The water budget setting provides a
watering index to allow all irrigation zones to d@ntrolled with a single adjustment based on the
current weather and precipitation (Santa BarbananGowWater Agency, 2009a). This value is a
percentage of evapotranspiration (ET) and is didend on water district websites to help
customers reduce overwatering. Given the complefitgrigation systems and the multitude of
zones within some landscapes, the water budgetréeasimplifies the adjustment process and
reduces the probability of adjustment errors. Adddlly, the water budget feature can generate
substantial water savings. During our site visitasked the hotel landscaping manager’s several
guestions. Specifically, we obtained informatiowathow often the controller is adjusted for
weather and seasonal variations, and about cogplaradiscaping policy requirements.

Total landscape area of each zone was also measurethe Goleta and Santa Barbara Hotels,
this was done using a rolling tape measure whilgllga images accessed from Google Earth ®
and photos from the site visit were used to devekipnates of landscape area for the Moreno
Valley Hotel.

To estimate plant water needs in a diverse landsaap followed the Landscape Coefficient
method outlined in the Water Use Classificatioh@afdscape Systems (WUCOLS) (University
of California Cooperative Extension and CaliforBi@partment of Water Resources, 2000).
References to specific calculations for determimirader needs of plants were derived from the
above WUCOLS methods. The WUCOLS landscape coeffichethod uses of a series of
simple calculations based on specific informatiolected in the field to estimate ET and
irrigation efficiency so that the appropriate amiooihwater can be applied. To accomplish this,
we developed an Excel spreadsheet for each hotetdoporate the biological, physical, and
environmental parameters necessary to calculatanidscape coefficient estimate of water use.

38



The landscape coefficient method is designed totaiai plant health and appearance, reduce
water waste, and minimize money spent on the isargacost of water (University of California
Cooperative Extension and California Departmendater Resources, 2000).

Using the data collected on site and the localbilable evapotranspiration data available from
the California Irrigation Management Informationsg&m (CIMIS) (Department of Water
Resources, 2009), we were able to calculate moatidyannual plant water needs for each hotel.
To calculate the amount of water applied throughithgation system, we recorded the
operating schedule and measured flow volume oirtlgation system. Based on methods from
WUCOLS (University of California Cooperative Extéms and California Department of Water
Resources, 2000) and data provided by staff, wautzied a range of values for water applied
monthly and annually and compared this, where albhki| to landscape water billed. Lastly,
electricity use by the irrigation system was detagd based on operating time and power
consumption of the irrigation controller and valvEee WUCOLS equations and a detailed
description of the methods to calculate plant waesds, estimates of irrigation water applied,
and electricity use of irrigation systems are ideld in Appendix F.

Methods for Calculating Natural Gas, Electricity, Water and Retrofit Costs

Resource costs incurred directly by the hotel weoeleled for all resources relevant to the end
use of interest (i.e. water, natural gas, eletyf)icAll resource costs were time discounted using
a 3.2% discount rate (United States Departmennefdy, 2009f). Utility rates for natural gas,
water, and electricity were assumed to remain emsiver the lifetime of the end use of
interest. Efficient retrofit upgrades were comgiai@the existing fixtures currently in place over
the relevant life expectancies. Rebates, if avhdlaliere subtracted from the initial cost of a
retrofit in year one. Present values were calcdlatng:

n-1
— pmtx (1+ ratex type) x H(lﬂate)] - fv}

rate
PV =

(1+ rate)"

wherePV s the present valupmtis the payment amoumngte is the discount rate, is the
number of payment periodypeis defined as 1 if the payment is made at thertveigg or O if
payment is made at the end of a period, fansl the future value. Future values were chosen to
be zero and it was assumed that payments were atdade end of a period.

Payback period was found using,

Purchase-installation
Payback period = Savinggyear
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wheresavings/years the monetary savings from reduced water, etgtgtrand natural gas
consumption angurchase + installations the initial purchase and installation costhaf t
retrofit.

The hotel in Santa Barbara faces sewer rates thatedermined according to consumption.
Therefore, sewer charges per thousand gallons adeted to the water utility charges per
thousand gallons for the Santa Barbara hotel. @mther hand, sewer charges for the Moreno
Valley hotel and Goleta hotel are determined adogrtb days per billing period and number of
guest rooms within the hotel, respectively. Themfsewer charges were not considered in our
cost calculations for the Moreno Valley and Goletéels. Both hotels in Moreno Valley and
Goleta have separate accounts to manage indoor wsge/ersus outdoor water use.

Refer to Appendix H for detailed information onlityirates.

Estimating the Embedded Energy in the Water Cycle

Calculating the embedded energy in the water priomlucycle required data gathering and
multiple requests for public information. Firstettvater districts and wastewater treatment
plants that serve the cities in which our caseistuare located were identified. Second, the
water supply and water production amounts of AFygar were gathered. Third, each water
district’s water production cycle was examined #r@lcomponents that require energy were
identified. Lastly, public requests for informatiarere made to each water district and to each
wastewater treatment plant. We requested all oélbetricity bills for the water district’'s water
production system and for the wastewater treatmiami.

Our case study hotels are located in Goleta, Szentiaara, and Moreno Valley. Each city is
provided water by a different water district: Gal&/ater District, The City of Santa Barbara,
Public Works, and Eastern Municipal Water Dist(EMWD) (Figure 2). All three water

districts use a distinctive water production systermeet their community’s water demands.
Wastewater treatment occurs at Corona del Mar ifresatt Plant, El Estero Treatment Plant, and
the Moreno Valley Reclamation Facility for GoleBgnta Barbara, and Moreno Valley,
respectively. According to the California Water @agkction 10620, each urban municipal water
utility is required to prepare an Urban Water Maragnt Plan every five years (Eastern
Municipal Water District, 2005). The most currertbin Water Management Plans were
submitted to the California Department of Water&®eses in 2005, and cover the water supply
and water production amounts for the 2004 water.ydge 2004 water supply and water
production numbers were used for our embedded grergysis, unless the district provided
more recent numbers that coincided with the regaesfectricity information.

The components of the water production cycle teqtire energy input are: transport, ground
water pumping, treatment, distribution, and wastewsieatment. In Southern California, about
70% of the energy involved in water productiomigorted water, 15% is wastewater treatment,
9% is local distribution, and 6% is ground waterl@son, 2000). Figure 13 shows energy
required at various steps of the water productiarecfor Southern California (Garrison et al.,
2009). Wilkinson outlined the embedded energy meglior the SWP and the CRA, and this
analysis assumes that the numbers reported areagecu
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Energy Intensity of Selected Water Supply Sources
in Southern California
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kWh/acre foot

Figure 13 Energy intensity of selected water supplgources in southern California
Source (Garrison et al., 2009)

We used Wilkinson’s SWP energy embedded numberGdteta, Santa Barbara, and Moreno
Valley, while the CRA numbers were only used for\&®l embedded energy calculations.
Surface water for Goleta and Santa Barbara comes lfiake Cachuma; Santa Barbara also
obtains surface water from Gibraltar Reservoir, iDeZanyon Creek, and seepage into Mission
Tunnel (City of Santa Barbara Public Works Departt{p), 2005)(Goleta Water District,

2005). These sources require little pumping andlaligered into the city on a gravity-fed basis;
we considered them to have negligible embeddedygvenen they enter the Goleta or Santa
Barbara water system. Tables 8 and 9 show the wwhfrwater (AF) associated with each part
of the water production system at Goleta and SRatbhara. The total amount of waste water
processed is represented as “total downstream.”
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Table 8 Goleta water cycle production in 2007

Goleta Water Production Summary
2007 (AF)
Surface Transport 10,409
Imported Transport 3,007
GW Pumping 439
Recycled Water 1,01p
Treatment 13,855
Distribution 14,867
Total Upstream 14,867
Total Downstream 6,042

Source (Goleta Water District, 2005)

Table 9 Santa Barbara water cycle production in 200 UWMP

Santa Barbara Water Production
Summary 2005 (AF)
Surface Transport 13,180
Imported Transport 890
GW Pumping 887
Treatment 12,714
Distribution 13,538
Total Upstream 13,538
Total Downstream 9,857

Source (City of Santa Barbara Public Works Departmet 2005)

To calculate embedded energy, we needed speafitrieity information for each component of
the water production cycle. The three water distneere contacted and their electricity bills
were requested. The kWh consumed and the elegtciasit information was obtained for the
entire water production system at Goleta and SAathara. Due to limitations in data gathering
at EMWD, only the electricity cost information walstained. The data we acquired most likely
includes electricity used in non-water productioagesses, like office or administrative needs.
We assumed that all of the electricity informat@wen to us by each water district is required to
produce water and is important for our analysie KWh hours and billing information was
entered into a spreadsheet and compared to theedp®F amount for each component of the
water production cycle. The total kWh was dividgctive total AF distributed for that year to
obtain the kWh/AF values for each district. Resales reported in KWh/AF and kWh/gallons in
order to be relevant to our water use results éoneistic appliances, laundry, and landscaping at
each hotel. Table 10 shows the calculations inwblaeGoleta’s embedded energy in the water

cycle.
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Table 10 Calculations for Goleta Water District emledded energy 2007
Goleta Water District Embedded Energy 2007
Water Production AF kWh kWh/AFkWh/gal

Surface Transport 10,409 - - -
Imported Transporf 3,007 8,777,4332,919 | 0.00896

GW Pumping 439 171,966 392 0.001R0
Recycled Water 1,012 107,738 106 0.00033
Treatment 13,855 565,760 41 0.000138
Distribution 14,867 99,656 7 0.00002

Total Upstream | 14,867| 9,722,552 654 0.00201

Total Downstream | 6,042 | 3,661,040 606 0.00186
Source (Goleta Water District, 2005)

The water resources division of the City of Sangabra, Public Works, has six components of
their water production process that require enesgyface transport, imported transport,
groundwater pumping, potable treatment, distribuytand wastewater treatment. On a KWh/AF
basis the most embedded energy intensive wateuptiod component is imported transport
(Table 11).

Table 11 Santa Barbara embedded energy calculatiorisom 2004-205 water year.
Santa Barbara Embedded Energy 2005
Water Production | AF | 2005 kWh | kWh/AF | kwWh/gal
Surface Transport 13,180 - - -
Imported Transporf  890| 2,597,910 2,910 0.00896
GW Pumping 882 50,066 57 0.00017
Treatment 12,714 606,320 48 0.00015%
Distribution 13,538 1,536,979 114 0.0003
Total Upstream | 13,538 4,791,275 354 0.0010

Total Downstream | 9,857 | 7,397,319 750 0.0023
Source(City of Santa Barbara Public Works Department 208)05)

OWUIV

The total upstream embedded energy for Goletadk@8h/AF and is 354 KWh/AF for Santa
Barbara. Total embedded energy for Goleta is hitier Santa Barbara since Goleta Water
District produces recycled water, an energy intenprocess, and Santa Barbara does not. The
total downstream embedded energy for Goleta isk§0lB/AF and 750 kWh/AF for Santa
Barbara. Santa Barbara has higher amounts of deanstembedded energy as Goleta recycles
some water and thus reduces the amount of watkeistpeocessed as wastewater.

Moreno Valley is served by EMWD and has a diffemnamt of water supply sources than Santa
Barbara or Goleta. Table 12 shows the completenesttde summary for EMWD during the
2004-2005 water year.
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Table 12Water produced at Moreno Valley from the 2005 UWMP

Moreno Valley Water Production Cycle 2004 (AF)
Summar AF of Water
Imported Transpo 81,900
Ground Wate 18,000
Ground Water Desalinati 3,600
Recyclel 25,000
Treatmer 103,500
Distributior 103,500
Total Upstream 103,500
Waste Wate 50,630

Source: (Eastern Municipal Water District, 2005)

About 80% of EWMD’sdrinking water supply is imported and some grourtéwes desalinate
for potable uses; thusdtenergy embedded in wais higher than for Goleta or Santa Barb
which both rely more on surface water than impoviater (Figurel4).

Amount of Imported Water in Total Water
Supply
20%
— 6%
— :
I [ |
Goleta Santa Barbara Moreno Valley

Figure 14 Amount of imported water in total water supply at Goleta, Santa Barbara, and Moreno Valley

Imported water is purchased frctMWD and processed at two different MWi2atment plants
Skinner and Mills. The imported water is er from the SWP and CRA. EMWD’s Per
microfiltration plant processes untreated imposeder from MWD Table 13. EMWD’s
Urban Water Management Plan stated that a ble®¥\d? and CRA water was processe
Skinner(Eastern Municipal Water District, 20(. For our calculations, we assumed that
blend was 50% SWP and 50% CRA. The amounts of k\Wlw#&olved in the transportation
SWP or CRA to Municipal Water District was previbusalculated by Bob Wilkinson. Tho:
values, 3,200 kWh/AF for CRA and 2,000 kWh/AF favB, were multiplied by the amount
water imported from each source to find the toW&hkused Table 13. EMWD prcvided us with
the total electricity cost of their entire wateo@uction system (not including embedded ent
of transport), which was: $3,081,740. We were uaablattain the total amount of kV
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consumed by EWMD in 2005. To compensate for thie ¢tdcata we used the average price
kWh that SCE charges their large business custofdrs2 kWh(Southern California Edisol
2009b) The cost of electricity for EWMD was divided yetaverage price per kwWh to find tc
kWh used for water production. The kWh uwasdivided by the total amount of wat

distributed in 2005 to find the kWh/AF for the ertivater production system 2005 (Table
15).

Table 13Calculations for EMWD embedded energy for 2004-2005

EMWD Embedded Energy Calculations
Acre Feet | Imported

Imported Usec Source kWh used | KWh/AF | kWh/gal
1/2 CRA 28,800,000 3,200| 0.00982
Skinner 18,00( 1/2 SWP 18,000,000 2,000/ 0.00614
Mills 55,90( all SWP | 178,880,000 3,200 0.00982
Perris FP 8,00( all SWP 25,600,000 3,200/ 0.00982
Total Imported 81,90( 251,280,000 3,068 | 0.00942
AF Distributed 103,50( 20,268,099 196 | 0.00060

Total Including
Transport 103,50( 271,548,099 2,624 | 0.00805
Total Downstream 50,63 51,489,059 1,017 0.00312

Source: (Eastern Municipal Water District, 2005)

Figure 15summarizes the total upstream embedded energylat@ddor Goleta, anta Barbara,
and Moreno Valley -amounting tc650, 350, and 2,600 kWh/AF, respectivalire highes

amountsf upstream embedded energy are found at EMWD apared to GoletWater
District and City of Santa Barbara, Public Wo

Total Upstream Embedded Energy (kWh/AF

2,600

650
- =
Goleta Santa Barbara Moreno Valley

Figure 15 Total amount of embedded energy calculated for Gota Water District, City of Santa Barbara,
Public Works, and Eastern Municipal Water District.
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Methods for Estimating Greenhouse Gas Emissions Radtions

Greenhouse gas emissions were estimated for ngasand electricity consumption summed
over the relevant end uses examined in our stuelyt(ilets, faucets, shower heads, ice
machines, washing machines, and dishwashers).dcaines, washing machines, and
dishwashers use electricity explicitly. Faucetgvatérheads, washing machines, and dishwashers
all use natural gas by virtue of hot water consuompiGHG emissions in carbon dioxide
equivalencies from natural gas consumption wererdehed using the equation:

GHG from Natural Gas =
0.Immbtu thermx1447kgC/ mmbtux 44gCQ, /12gC x1metric_ton/100kg

= 0.005metric_tons_CO, /therm_natural_ gas

wheremmbturepresents one million British Thermal Units (BTU)tergovernmental Panel on
Climate Change, 2007);(United States Environmdntatection Agency, 2008a).

GHG emissions from electricity consumption wereed®ained from SCE’s 2009 projected
power mixture (Southern California Edison, 2009ayQre 16). Coal and natural gas constituted
approximately 10% and 51% of SCE’s 2009 energy umgtrespectively. Natural gas fired
electricity production plants were assumed to gateet.321 pounds of carbon dioxide
equivalents per kWh. Coal fired electricity prodantplants were assumed to generate 2.095
pounds of carbon dioxide equivalents per kWh, basedational averages (United States
Environmental Protection Agency and United Statepdtment of Energy, 2000). GHG
emissions were then reported in metric tons. Exaroglculations follow for natural gas and
coal respectively:

GHG fromelectricity produced from natural gas =

51%x E x1.321poundsCQ, x (M)
22046 pounds
10% x E x 2.095poundsCQ, x (M) '
22046 pounds

GHG fromelectricity produced from Coal =
whereE represents annual electricity use in kWh.

GHG emissions from renewables and nuclear powtregboint of generation were assumed to
be zero. However, research has shown that GHGwadeiced during the entire process chain of
electricity generation (Joseph Spador, Lucille Uarsy & Bruce Hamilton, 2000). Further
investigation into the emissions resulting fromlforening, plant construction, land use change,
and plant decommissioning may provide insights theotrue GHG content of renewables and
nuclear power generation.

46



POWER CONTENT LABEL

2009 SCE 2008 CA
ENERGY POWER MIX* POWER MIX**
RESOURCES (projected) (for comparison)
Eligible Renewable 16% 2%
-- Biomass & waste 2% <1%
-- Geothermal 9% 1%
-- Small hydroelectric 1% 0%
-- Solar 1% <1%
-- Wind 3% 1%
Coal 10% 33%
Large Hydroelectric 5% 18%
Natural Gas 51% 42%
Nuclear 18% 5%
Other <1% 0%
TOTAL 100% 100%

Figure 16 Power content of SCE’s energy provisiorof 2008 and 2009.
Source (Southern California Edison, 2009c)
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Part Il Summary

Our integrated energy and water auditing procedheeSynergy Audit, was not designed to
replace SCE'’s existing electricity. Rather it wasidned to add value to their existing audit by
guantifying the energy savings associated with madaservation at the end use. The techniques
used to determine the resource consumption for eadluse category can be found in
Appendices A through F at the end of the reporteiAive found the estimated resource use at
each case study hotel we also evaluated the eeenggdded in water and estimations of GHG
emissions. Information from each water districi/s®g our case study hotels was used to
calculate embedded energy. The energy embeddedtar 8 the highest at Moreno Valley,
followed by Goleta, and then Santa Barbara. GHGsloms were calculated based on the
emissions produced from natural gas use, directradgy use, and the energy embedded in
water.
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Part lll: Results, Discussion and
Recommendations
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Results, Discussion and Recommendations

I ntroduction

To convey specific results from our study, we bdgrdiscussing retrofits and savings specific
for each case study hotel. We follow with geneeabmmendations for energy and water
efficiency best management practices pertainirthedotel sector. We also discuss how these
results relate to Southern California Edison thiotglevant policies that affect current energy
and water conservation efforts, and provide ouugjnds on how policies which integrate energy
and water efficiency may improve statewide goalgésource conservation. We describe how
integrated programs can both provide end usershveitter information regarding combined
savings potential and demonstrate how integratedggrand water efficiency can result in a
more cost effective approach to resource efficiency

Case Study 1: Goleta Hotel

The hotel in Goleta was built in 2007 with modena aelatively efficient energy and water
using appliances. Additionally, the staff alreadyr@res to many resource conservative policies
such as linens and towel reuse and adjusting tigation schedule for rain events. Even with
efficient technologies and practices, there ates&veral areas where the hotel can incur even
more savings from cost effective, combined water emergy conservation efforts.

Through our auditing procedure and analysis wenadéd the water used for each of six end use
categories: domestic fixtures, washing machinegldeaping, ice machines, dish washers, pools
and spasWater not accounted for is referred to as “oth8¢e Appendix G for a summary of
savings calculations. For the Goleta hotel, masbam water use (43%) is associated with toilets,
shower heads, and faucets — which are collectredbrred to as domestic fixtures. The next
largest category represents 29% of water use (tikses). The category other/losses is the
difference between what our team estimated fot &otaual water use and the average amount of
water billed to the hotel for a typical yéafhe discrepancy between our estimated waterntse a
the hotel’s average water use according to billirsgory may be a function of the limited scope
of our audit, assumptions based on literature ayae in the hotel’'s water use from year to year,
or some combination theréofThe remaining categories make up the remainitg @Bour total
estimation of annual water consumption. Figuredmrearizes our annual water use estimation
by end use category.

3 Water used for a typical year is the averaged montii water billed to the hotel for 2008 and 2009.
* This caveat is true for all hotels in our study.
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Goleta Hotel: Total Water Use per Year
by End Use (gallons
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Figure 17 Total water use per year for the Goleta hotel.

Annual natural gas use was averaged over the mosihttwo years of billing history (2008 a
2009). Total annual natural gas consumption wasattd to be 14,617 therms. C
calculations for annual consumption overestimatarahgas use by 2,029 irms when
compared to the hotel's averaged annua. Pools are estimated to be the largest enc
followed by domestic fixtures (Figui18).

Goleta Hotel: Total Natural Gas Use pe
Year by End Use (therms
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Figure 18 Total natural gas use per year for the Goleta hote
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Annual electricity usevas obtained from the most recent complete yehillofg history (2008).
Total electricity consumption for 2008 was approaigly 550,000 kWh. Figure 19 shows «
estimated amounts of electricity consumed annuwabpording to end use. Our targeted uses
consume relatively little electricity compared ¢dal annual consumption lev. End uses suc
as lighting, televisions, refrigerators, and otbkectronics consume substantial level
electricity, yet were not captured by our auditigie. Totalelectricity consumption of our s
targeted end uses comprises 9% of total annudtieigcuse for the hotel. Ice machines .
estimated to consume the most electricity of orgdted end uses (25,664 kwh). Pools and
are estimated to be the seddargest electricity consumer (18,428 kWh). Waghnhachines
dish washers, and landscaping are estimated talipmonsume 2,408 kWh, 278 kWh, and :
kWh respectively.

Goleta Hotel: Total Electricity Use per
Year by End Use (kWh
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Figure 19Total electricity use per year for the Golta hotel.

Figure 20 below presents a summary of the relatiggnitudes of direct electricity and natu
gas associated with water consumed by our sixiftEthend use (note the logscale in the y-
axis) Natural gas used by other/losses does not r because our calculations overestime
annual natural gas use by 6,588 therms. Considarefithe joint resource savings associ:
with retrofits and behavioral changes is precisdghat our auditing procedure is designel
capture.
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Goleta Hotel: Relative Comparison of Resourc
Consumption by End Use Categor
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Figure 20 Relative comparison of resource consumption by targed end use

Goleta Retrofit Savings Analysis

Retrofit feasibility was determined levaluatingwhether the upgrade would provide a payk
period that was shorter than the expelifetime of the retrofit. For the Goleta hotel, gale
retrofits consisted of showerhead, faucet, poolspe] and irrigation upgrades. The dish wa
and ice machines employed at tholeta hotel already surpassiortium for Energ
Efficiency (CEE)Tier Il efficiency standards and therefore feasibpgrades are not availal
at this point in time. Toilet and laundry retrofit®re shown to reduce water, electricity
natural gas, but the large initial purchase castslered net economic lossever their respectiv
lifetimes.

Showerhead Retrofits

The existing showerheads at the Goleta hotel wexasored to have a flow of 2.0 gallons
minute. Despite the fact that they are alreadyidemned to be a “lo-flow” showerhead, wi
modeled an upgde to showerheads with 1.75 gallons per minute —yielding a wate
savings of about 2 gallons per shower. Even thawgter showerheads exist with flow ratir
as low as 0.5 and 1.0 gallons per minute, our aisbccounts for a type of showerheact
reduces flow at a level not noticeable to the hgtest. Tabl14 provides a summary of tt
existing cost of natural gas and water to the hanel the estimated savings associated witt
recommended retrofits. Refer to AppenG for detailed explaation of water and natural g
resource use and savings.
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Table 14 Goleta hotel showerhead retrofit measuresnd savings

Showerhead Retrofit Measures

Natural Gas Water
Estimated Existing Annual End Use Consumption 3,290 therms 751,195 gallons
Estimated Existing Costs $2,632 $3,568
Estimated Annual End Use Savings 411 therms 93,889 gallong
Estimated Annual Cost Savings $329 $446
Estimated Total Lifetime Savings (10 yrs) $6,541
Estimated Initial Retrofit Cost $3,626
Estimated Payback Period (yrs) 5.5

Faucet Retrofits

Most faucets at the Goleta hotel had an averagedf®.2 to 2.4 gallons per minute; except for
the kitchen faucets which produced water at aghta/er 6 gallons per minute. Table 17 shows
the savings realized from installing a 0.5 gallpes minute aerator in bathroom sinks and a 2.5
gallons per minute aerator in the two kitchen sifkgchase and installation of faucet aerators
are estimated to provide a return on the investiwetitwithin one year.

Table 15 Goleta hotel faucet retrofit measures andavings

Faucet Retrofit Measures

Natural Gas Water
Estimated Existing Annual End Use Consumption 212 therms 48,370 gallons
Estimated Existing Costs $169 $230
Estimated Annual End Use Savings 181 therms 41,261 gallons
Estimated Annual Cost Savings $145 $196
Estimated Total Lifetime Savings (10 yrs) $10,431
Estimated Initial Retrofit Cost $185
Estimated Payback Period (yrs) 0.2

Pool and Spa Retrofits

The Goleta hotel pool and spa water and naturaligagould be cut by 30 percent and 50
percent respectively, just by purchasing and usowgrs. The savings shown in Table 16
represent the combined natural gas savings fromaging the use of a pool cover and from
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upgrading the current pool and spa heaters to 6mpedcent more efficient. Refer to Appendix C
for detailed explanation of pool water and natges resource use and savings.

Table 16 Goleta hotel pool and spa retrofits and nasures

Pools and Spas Retrofit Measures
Natural Gas Water Electricity

Estimated Existing Annual End Use
Consumption 11,711 24,747 gallons 15,800
Estimated Existing Costs $9,369 $118 $1,928
Estimated Annual End Use Savings 4,919 17,323 4,343
Estimated Annual Cost Savings $5,434 $35 $1,398
Estimated Total Lifetime Savings (10 yrs) $57,887
Estimated Initial Retrofit Cost $4,820
Estimated Payback Period (yrs) 0.8

Landscaping Retrofits

Landscaping retrofits for the Goleta hotel includgofitting the irrigation system with a simple
and durable drip irrigation system, applying muiclall areas with bare soil, and purchasing a
rain sensor for the irrigation controller. Thesarmges, along with careful adjustments to the
irrigation controller to best match plant needs iEtuce landscape water use by 22 percent.
Landscape retrofits were assumed to have a tenif@axpectancy. The estimated payback
period is under six years (Table 17). Refer to Aqjpe F for a detailed explanation of retrofits
and water savings calculations.

Table 17 Goleta hotel landscaping retrofits measuseand savings

Landscaping Retrofit Measures
Water Electricity

Estimated Existing Annual End Use Consumption 311,999 gallons 277 kWh
Estimated Existing Costs $1,482 $34
Estimated Annual End Use Savings 163,207 gallons 0 kWh
Estimated Annual Cost Savings $775 $0
Estimated Total Lifetime Savings (10 yrs) $6,546
Estimated Initial Retrofit Cost $3,785
Estimated Payback Period (yrs) 5.8
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Summary

Estimates reveal that the Goleta hotel can redooead water, natural gas, and electricity
consumption by approximately 274,000 gallons, 48@0ms, and 2,100 kWh respectively. Cost
effective retrofits are projected to save the Golaitel over $45,000 across the lifetime of the
appliances. Table 18 summarizes the estimated hnatwaal gas, electricity, and water costs for
our six existing identified end uses. Estimateduahand lifetime cost savings from our four
recommended retrofit upgrades are also presented.

Table 18 Summary of costs and savings for Goleta ted
Goleta Hotel Summary Table

Estimated Annual Gas, Water, Electricity Costs of Brgeted End Uses
Estimated Cost of Water $8,937

Estimated Cost of Gas to Heat Waité&13,317

Estimated Cost of Direct Electricity for Water UgiAppliances $5,420
Estimated Annual Utility Cost for Water-Related Uses $27,674

Estimated Annual Savings Associated with Retrofits:
Estimated Annual Water Savings$1,453

Estimated Annual Gas Savings$5,908

Estimated Annual Electricity Savings $1,398

Total Annual Savings Associated with Retrofity $8,758

Estimated Lifetime Savings Associated with Retrofg:
Estimated Lifetime Water Savings$16,612

Estimated Lifetime Gas Saving$53,088

Estimated Lifetime Electricity Savings$11,706

Total Upfront Costs $12,416

Total Lifetime Savings Associated with Retrofits| $68,989

Figures 21 and 22 summarize annual resource saaimjifetime cost savings. Refer to
Appendix H for a summary of savings and paybackopeor our identified end uses under
different water, natural gas, and electricity qatejections.
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Annual Combined
Resource Savings with All Retrofit:
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Figure 21 Annual combined resource savings for the Goleta hel
Goleta Hotel: Lifetime Cost Savings
from Recommended Retrofits
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Figure 22 Lifetime cost savings from feasible retrofits for he Goleta hotel
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Case Study 2: Santa Barbara Hots

The Santa Barbara hotel was built in 1962 and Basyliest rooms. Offered amenities incli
two large swimming pools, two whirlpool spas, adis center, and conference room. No
services are offered through the hotel. The waderguappliances a, on average, older and le
efficient than those at the Goleta ho

Approximately 35% of water consumption at the S&8debara hotel is associated with dome
fixtures. Unaccounted water consumption made up 8Béstimated annual water consump.
Washing machines were estimated to account for dffital annual water use. Landscap
represented roughly 8% of total water use annu@tg remaining categories make up
remaining 2% of our total estimate of annual watarsumption. Dish wasls were no
examined as the hotel has none. Figure 23 sumrsarireestimated annual water use for
Santa Barbara hotel.

Santa Barbara Hotel: Total Water Use
per Year by End Use (gallons
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Figure 23 Total annual water use for the Santa Barbara hot¢

Figure 24 shows the estimatedter consmption and water-relateahnual natural ga
electricity, for the five identified end uses indétn to the unaccounted water use. Pools
spas were estimated to consume the most electoicdyr identified end uses (20,1
kWh/year) followed by icenachines (15,600 kWh/year). While our targeted @usets only
constitute 8% of the hotelannual electricity use, the captured electrirepresents potenti
savings that is not evaluated 8€E’s current electricity auditing structu
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Santa Barbara Hotel: Total Electricity
Use per Year by End Use (kWF
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Figure 24 Total annual electricity use for the Santa Barbarahotel broken down by end us

Pools and spas were estimated to account for 31t@téhs of natural gas through heat
practices, while domestic fixtures and washing nrahboth consume an estimated 5,
therms annually. Our auditing procedure capturga@pmately 86% of estimed natural gas
consumption. Figure 25 summarizes our estimatagralagas use for the Santa Barbara hu

Santa Barbara Hotel: Total Natural
Gas Use per Year by End Use (therm
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Figure 25Total annual natural gas use for the Santa Barbardotel broken down by end use
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Figure 26 presents a compansof the relative magnitude of water, electricapd natural ga
consumption across our five targeted end uses.nfake whole, our auditing scope captt
over 86% of estimated annual natural gas use, 88stohated annual electricity use, and 6f
estimated annual water use.

Santa Barbara Hotel: Relative Comparison o
Resource Consumption by End Use Catego
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Figure 26 Resource consumption by targeted end uses at thersa Barbara hotel

Santa Barbara Retrofit Savings Anal

For the Santa Barbara hotel, feasible retrofitsistaed of toilet upgrades, showerhead upgre
faucet upgrades, washing machine upgrades, pod@mdpgrades, and irrigation upgrade:
fact, the Santa Barbara hotel represented thedbsgeings otential of our three identified ca
studies. While ice machines did provide resoure@ga, the payback period was too long tc
considered a viable upgrade. Refer to AppeH for a more detailed presentation of mone
savings.

Toilet Retrofits

Except for their lobby and pool bathrooms, all eatrtoilets at the Santa Barbara hotel are ¢
models which require over 3 gallons per flush. icd surprising then, that replacing them v
high-efficiency toilets that use 1.28 gallons per fladfers large water savingghich are
summarized in Table 19Vhile the payback period is rather long (11.9rggahe upgrades mo
then pay for themselves across the assumed lifdghgears).
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Table 19 Santa Barbara hotel toilet retrofit measues and savings

Toilet Retrofit Measures
Water
Estimated Existing Annual End Use Consumption 985,208 gallong
Estimated Existing Costs $9,389
Estimated Annual End Use Savings 540,925 gallons
Estimated Annual Cost Savings $5,155
Estimated Total Lifetime Savings (20 yrs) $75,294
Estimated Initial Retrofit Cost $44,616
Estimated Payback Period (yrs) 11.9

Showerhead Retrofits

The Santa Barbara hotel guest room showerheadsntiyruse 2 gallons per minute of water — a
very efficient flow rate. However our analysis stsotivat even upgrading to a model using 12
percent less water saves more than enough waparytback for itself in less than 4 years (Table
22). The recommended retrofit using 1.75 gpm isreged to save nearly 600 therms of natural
gas and 135,000 gallons of water every year.

Table 20 Santa Barbara hotel showerhead retrofit m@sures and savings

Showerhead Retrofit Measures

Natural Gas Water
Estimated Existing Annual End Use Consumption 4,718 therms 1,077,137 gallon$
Estimated Existing Costs $3,776 $10,265
Estimated Annual End Use Savings 593 therms 135,390 gallong
Estimated Annual Cost Savings $472 $1,290
Estimated Total Lifetime Savings (10 yrs) $14,814
Estimated Initial Retrofit Cost $5,550
Estimated Payback Period (yrs) 3.7

Faucet Retrofits
Current flow rate at the Santa Barbara hotel fauaiges from 2 to 3 gallons per minute.
Aerators restricting water flow to 0.5 gpm werdrasted to reduce natural gas consumption by
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nearly 300 therms and water consumption by ovéd(&bgallons (Table 21). The payback
period for this relatively inexpensive upgradeesd than six months.

Table 21 Faucet retrofit measures and savings

Faucet Retrofit Measures
Natural Gas Water

Estimated Existing Annual End Use Consumption 378 therms 85,792 gallons
Estimated Existing Costs $398 $818
Estimated Annual End Use Savings 292 therms 66,701 gallons
Estimated Annual Cost Savings $309 $636
Estimated Total Lifetime Savings (10 yrs) $7,977
Estimated Initial Retrofit Cost $281

Estimated Payback Period (yrs) 0.4

Washing Machine Retrofit

This washing machine and laundry recommendatioriv@agomponents: installation of an
ozone laundry system and discontinuation of trghleeting. An ozone system can decrease the
amount of hot water needed for each cycle by bbb because it disinfects the linens just as
well or better than heating the water to 160 degj(@eticlean, 2010). These systems use the
same volume of water and direct electricity asekisting system; therefore the savings are
accrued from a decrease in natural gas use. Discamg of triple sheeting is a conservation
strategy that involves no upfront costs and instater, electricity and natural gas savings
(Table 22). The savings on the utility bills casabe used to help offset the costs of upgrading
to a more efficient washing machine or an ozonaday system.

Table 22 Santa Barbara hotel savings from discontining triple sheeting

Annual Utility Savings from Discontinuing of Triple Sheeting
Resource Reduction Savings ($) Total Annual Savings ($)
Direct
Electricity 1,200 kWh $168.00
Gas 488 therms $390.89 $2,210.23
Water 173,242 gallons|  $1,651.34

This analysis assumed that half of all washingeyelre for sheets, a third of which are the extra
triple sheets. Therefore, discontinuation of trigheeting will result in reducing all costs
associated with laundry by one-sixth. These savamgslso a conservative estimate because
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they do not include the reduced labor costs tretasociated with decreased time needed to
make the beds, and less time needed to wash #reslgach day. Table 23 presents a summary
of the existing annual resource consumption antdaowell as the estimated annual and lifetime
savings associated with adjusting the triple sheetstice and installing ozone laundry systems.

Table 23 Santa Barbara hotel washing machine retridfmeasures and savings

Washing Machine dual Retrofit Measures
Natural Gas Water Electricity

Estimated Existing Annual End Use
Consumption 5,036 therms 1,039,452 gallons 7,201 kWh
Estimated Existing Costs $4,034 $9,906 $1,008
Estimated Annual End Use Savings 4,729 therms 173,242 gallons 1,200 kWh
Estimated Annual Cost Savings $3,788 $1,651 $168
Estimated Total Lifetime Savings (15 yrs) $66,021
Estimated Initial Retrofit Cost $16,320
Estimated Payback Period (yrs) 3.7

Pool and Spa Retrofits

The Santa Barbara hotel has two pools and two sgash require large amounts of electricity,
natural gas, and water to maintain. The savingsalrle 26 represent the reduction in utility bills
the hotel could realize by using a pool cover, oauly the hours of pump operation, replacing
lights with efficient LED models, and upgradingithurrent heaters to more efficient models.

Table 24 Pool and spas retrofit measures and savisg

Pools and Spas Retrofit Measures
Natural Gas Water Electricity

Estimated Existing Annual End Use
Consumption 31,019 therms 46,285 gallons 20,102 kWHh
Estimated Existing Costs $24,815 $441 $2,814
Estimated Annual End Use Savings 18,104 therms 13,885 gallons 8,800 kWh
Estimated Annual Cost Savings $14,483 $235 $1,232
Estimated Total Lifetime Savings (10 yrs) $133,810
Estimated Initial Retrofit Cost $8,470
Estimated Payback Period (yrs) 0.6
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Landscaping retrofits

Landscaping retrofits for the Santa Barbara heiguide applying mulch to all areas with bare
soil, converting all turf irrigation to efficienbtary nozzles, converting all non turf areas to
durable drip irrigation, and installing a rain sensA new weather based irrigation controller
should also be purchased but because the existdglnwvas not functioning, costs for this are
not included as a retrofit. These changes, alonlg edareful adjustments to the irrigation
controller to best match plant needs can reduastzape water use by nearly 23 percent and
achieve payback in just over 6 years (Table 25pekglix F details specific retrofit
recommendations and savings calculations.

Table 25 Santa Barbara hotel landscaping retrofimeasures and savings

Irrigation Retrofit Measures
Water Electricity
Estimated Existing Annual End Use Consumption 512,487 gallons 469 kWh
Estimated Existing Costs $4,884 $66
Estimated Annual End Use Savings 85,320 gallons 0 kWh
Estimated Annual Cost Savings $2,167 $0
Estimated Total Lifetime Savings (10 yrs) $9,446
Estimated Initial Retrofit Cost $5,947
Estimated Payback Period (yrs) 6.3
Summary

Estimates reveal that the Santa Barbara hoteledurce annual water, natural gas, and electricity
consumption by approximately 850,000 gallons, 2@ @rms, and 10,000 kWh respectively.
Cost-effective retrofits are projected to saveS$hata Barbara hotel over $226,000 across the
lifetime of the appliances. Table 28 summarizesgtenated annual natural gas, electricity, and
water costs for our five existing identified enagsisEstimated annual and lifetime cost savings
from recommended retrofit upgrades are also predefigures 27 and 28 summarize annual
resource savings and lifetime cost savings.
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Table 26 Summary of annual costs and annual and éfime savings for the Santa B

arbara hotel

Santa Barbara hotel Summary Table

Estimated Annual Gas, Water, Electricity Costs of Brgeted End Uses

Estimated Cost of Watg

r $36,342

Estimated Cost of Gas to Heat Wate$33,023

Estimated Cost of Direct Electricity for Water UgiAppliances  $6,070
Estimated Annual Utility Cost for Water-Related Uses $75,435
Estimated Annual Savings Associated with Retrofits:

Estimated Annual Water Savings$11,134
Estimated Annual Gas Savings$19,052
Estimated Annual Electricity Savings $1,400
Total Annual Savings Associated with Retrofit§ $31,586
Estimated Lifetime Savings Associated with Retrofg:
Estimated Lifetime Water Saving$121,485
Estimated Lifetime Gas Saving$173,457
Estimated Lifetime Electricity Savings $12,420
Total Upfront Costs $81,184
Total Lifetime Savings Associated with Retrofits| $226,179
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Combined Resource Savings with a

Retrofits
45000
1,047,500 gallon = ’Q l:\‘/ ;’:ierms
40000 ) ~save —
35000 | — I 1 10,000 kwh
30000 | g P saved = Existing
L1 L1
25000 — - - S =S -
[T S— — — = Synergy Retrofil
20000 [ S— [S— [—
L & = [ N— [  ——
15000 | EE— R e
10000 |— e I
L 1T 1 L1 1 L 1T 1
5000
O [ E— | |

Water (100's o Natural Gas  Direct Electricity
gallons) (therms) (kwh)

Figure 27 Combined resource savings from retrofits at the Sama Barbara hotel
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Figure 28 Lifetime cost savings from targeted retrofits and he Santa Barbara hote
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Case Study 3: Moreno Valley Hote

The hotel in Moreno Valley contains 120 guest rogangool and spa, meeting space, a
partial sevice dining facility. The wat«-using appliaces resemble those of the Goleta hot:
terms of efficiency.

For the Moreno Valley hotel, 26% of water consumptis associated with domestic fixtu
(Figure 29) The next largest category represents 26% of weseiother. Landscape irrigatio
was calculatetb account for 20% of total annual water use. ®reaining categories make
the remaining 28% of our total estimation of annuater consumption. Additionally, o
analysis revealed@obable lea in the outdoor water use section whiclessimated tc
constitute over 466,000 gallons per \ (a more detailed presentation of the suspectedise
found at the end of this secticam)d see Appendix | for our error and confidenceofarwatet
consumption calculations.

Moreno Valley Hotel: Total Water Use per
Year by End Use (gallons
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Figure 29 Total annual water use for the Moreno Valley hote

Total electricity consumption at the Moreno Valleytel was estimated to be 388,800 k
based on the past two years of billing. Pools gras svere estimated to consume the r
electricityof our identified end uses (23,191 kWh/year) fokmiby ice machines (9,5:
kWh/year) (Figure 30).
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per Year by End Use (kWh
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Figure 30 Total annual electricity consumption at the MorenoValley hotel broken down by end ust

The spa was estimated tacaant for 3,296 therms of natural gas and doméstieres consum:
an estimated 3,260 therms annueThe pool and spa categaayyMoreno Valley consuns less
natural gas than our other case studies becaus@dotis unheated. Our estimation of anl
natural gas useaptures 58% of the hotel’s annual consum| (Figure 31). Mtural gas
consumptiomot captured by our audit w estimated to be 5,845 therms.

68



Moreno Valley Hotel: Total Natural Gas Use
per Year by End Use (therms
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Figure 31 Total annual natural gas consumption at the Morend/alley hotel broken down by end ust

Figure 32summarizes the estimated annual natural gas, ielgctand water consumption fi
our six identified end useas well as the other category and leaked waterRisols and sp:
were shown to account for the largest magnitudmaotbined resource us
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Moreno Valley Hotel: Relative Comparison of
Resource Consumption by End Use Catego
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Figure 32 Resource consumption of targeted end uses at the kémo Valley hote

Moreno Valley Retrofit Savings Analy

For the Moreno Valley hotel, feasible retrofits smted of faucet, pool and spa, and irriga
upgrades. Toilet upgrades and shower upgradesinfeesible because the current appliar
are already water efficienthe initial cost necessary to replace the ice nmashand dis/
washers were too high to allow for feae retrofits.We make further recommendatic
pertaining to the suspected leak later in thisigecRefer to Appendix Gor a more detaile
presentabn of retrofit feasibility.

Faucet Retrofits

The guest room faucets at the Moreno Valley hotgkewery efficient, averaging about :
gallons per minute. However faucets in other ase@$ as the pool bathroom and kitcher
consumed at least 2 gallons per minute of water.r€ofit models th savings from installing
0.5 gpm aerators in all the Moreno Valley hotelcets. Use of these aerator retrofits
estimated to save the Moreno Valley hotel over th@dms of natural gas per year and 43,
gallons per year (Table 27).

70



Table 27 Moreno Valley hotel faucet retrofit measues and savings

Faucet Retrofit Measures
Natural Gas Water

Estimated Existing Annual End Use Consumption 190 therms 43,351 gallons
Estimated Existing Costs $194 $86
Estimated Annual End Use Savings 108 therms 24,744 gallons
Estimated Annual Cost Savings $111 $49
Estimated Total Lifetime Savings (10 yrs) $1,349
Estimated Initial Retrofit Cost $223

Estimated Payback Period (yrs) 1.7

Pool and Spa Retrofits

We modeled the electricity, natural gas, and wsd®rings possible from using a pool cover,
reducing the operation hours of their current dattan pump, and purchasing a more efficient
spa heater (which by itself reduces the naturaugashy 13 percent). The estimated payback
period for installing pool and spa covers and reipigthe spa water heater is less than one year
(Table 28).

Table 28 Moreno Valley hotel pool and spa retrofimeasures and savings

Pool and Spa Retrofit Measures
Natural Gas Water Electricity

Estimated Existing Annual End Use
Consumption 3,296 therms 32,225 gallons 23,191 kWH
Estimated Existing Costs $2,512 $205 $3,224
Estimated Annual End Use Savings 2,292 therms 9,667 gallons 16,120 kWHh
Estimated Annual Cost Savings $1,747 $62 $2,241
Estimated Total Lifetime Savings (10 yrs) $34,323
Estimated Initial Retrofit Cost $3,121
Estimated Payback Period (yrs) 0.9

Landscaping retrofits

Landscaping retrofits for the Moreno Valley hotetlude converting all irrigation zones to
durable drip irrigation, applying mulch to all aseaith bare soil, and installing a rain sensor on
the existing irrigation controller, achieving a pagk period of less than 2 years (Table 29).
These changes, along with careful adjustmentsaartigation controller to best match plant
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needs, can reduce landscape water use by neaplgrdént. In addition, we recommend

assessing for underground leaks on the irrigatystesn to save additional water and money on
the hotel’s water bill. Please see Appendix F fetaded retrofit and water saving calculations.

Table 29 Moreno Valley hotel landscaping retrofit neasures and savings

Landscaping Retrofit Measures
Water Electricity
Estimated Existing Annual End Use Consumption 576,809 gallons 48 kWh
Estimated Existing Costs $3,674 $7
Estimated Annual End Use Savings 412,126 gallons 0 kWh
Estimated Annual Cost Savings $2,625 $0
Estimated Total Lifetime Savings (10 yrs) $26,274
Estimated Initial Retrofit Cost $4,484
Estimated Payback Period (yrs) 1.7
Summary

Estimates reveal that the Moreno Valley hotel aatuced annual water, natural gas, and
electricity consumption by approximately 440,000ayss, 2,400 therms, and 16,120 kWh

respectively. Cost-effective retrofits are projecte save the Moreno Valley hotel over $54,000
across the lifetime of the appliances. Figuresr8831 summarize annual resource savings and

lifetime cost savings.

Table 30 summarizes the estimated annual natusakdgctricity, and water costs for our six
existing identified end uses. Estimated annualldgtiime cost savings from recommended

retrofit upgrades are also presented.
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Table 30Summary of existing annual costs and annual and Etime savings from retrofits

Moreno Valley Summary Table

Estimated Annual Gas, Water, Electricity Costs of Brgeted End Use

Estimated Cost of Wat | $5,965
EstimatedCost of Gas to Heat Wa | $5,177
Estimated Cost of Direct Electricity for Water UgiAppliance | $4,832
Estimated Annual Utility Cost for Water -Related Uses $15,975
Estimated Annual Savings Associated with Retrofit:
Estimated Annual Water Savir | $2,736
Estimated Annual Gas Savir | $1,857
Estimated Annual Electricity Savin | $2,241
Total Annual Savings Associated with Retrofit | $6,834
Estimated Lifetime Savings Associated with Retrof:
Estimated Lifetime Water Savir | $27,182
Estimated Lifetime Gas Savir | $15,682
Estimated Lifetime Electricity Savin | $19,082
Total Upfront Cost| $7,829
Total Lifetime Savings Associated with Retrofit | $54,118

Moreno Valley Hotel: Annual
Combined Resource Savings with Al
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Figure 33 Annual resource savings from combined retrofits athe Moreno Valley hote
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Moreno Valley Hotel: Lifetime Cost
Savings from Recommended Retrofit
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Figure 34 Lifetime cost savings from retrofits at the MorenoValley hotel

Leak at Moreno Valley hotel

There is a large difference in the amount of v billed, the amount of water estimated to
applied by the irrigation system, and the amounwater needed by exisg plans (Figure 35).
The difference betweehe billed water use and our estim: appears tde a result of a
undetected water leaWe observed the landscape water meter when tigation system we
not turned on and the meter did not spin, sugggstiat any leak on the landscape system w
be beyondhe irrigation control valves. This would resultarieak that only occurs we the
particular station is turned on, which also mayuthe likelihood of the leak becoming la
enough to notice above grountle recommend making an appointment witicansed leak
detection company in trerea and coordinate this wthe hotel andscaper to ensure they «
assist in evaluating all irrigation staticand plumbingLeaks such as the one suspected her
result in large ongoing costs for a commodity nguérto use. Rapid repair of leaks sa
money and depending on the extef the leak, could be the least expensive way te seater
waste.

74



Estimated plant needs, estimated irrigatior
water applied, and actual water billed to

landscape meter at the Moreno Valley hot
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Figure 35 Estimated plant needs, estimated irrigation water pplied, and actual water billed to landscape
meter at the Moreno Valley hotel.
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Summary

Cost-effective retrofits were identified for alirfe hotels in our case study. The Moreno Valley
hotel exhibited the smallest lifetime cost saviaggist over $54,000. The Santa Barbara hotel
exhibited the largest potential for cost savingsisit over $226,000. Summed over all three
hotels, these recommended retrofits are estimatsdwve over 33,500 therms of natural gas,
37,500 kWh of electricity, and 1.75 million galloobwater annually. The estimated electricity
savings just from the water-related uses identiifnetthis report are roughly equivalent to the
total annual electricity consumption for three hehuslds. Our estimated natural gas savings are
equivalent to the annual consumption over 34 hanldsi{United States Environmental
Protection Agency, 2010). Finally, our estimatedavgavings are equivalent to the volume of
water used by a family of four for 12 years (Unif&tdtes Environmental Protection Agency,
2008b).
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Hotels: Efficiency Recommendations

This section reports our general recommendationalftotels seeking to improve resource
efficiency within their facilities. These suggesisoare both behavioral and technological and
can be applied to other commercial businessesasicommercial laundries, restaurants, and
casinos as well as our case study hotels. We #pmartrour specific hotel case study results and
recommendations separately. In the next sectiermampare ousynergy Audihotel retrofit
suggestions with those of SCE and identify addedurce and cost savings.

General Best Management Practices for Resource Effent Hotels

Through becoming more knowledgeable about the @vailretrofit and behavioral options for
hotels, our group assembled a list of general tn@stagement practices (BMPs) for all hotels
interested in resource efficiency. From this ligt were also able to generate a suite of specific
retrofit and behavioral suggestions for our hotsdecstudies. Our team recognizes there is a
significant amount of time, money and effort asatex with technological upgrades. In many
cases we were able to quantify the estimated res@nd cost savings associated with our
suggestions and only recommended those BMPs whech vost effective over the lifetime of
the appliance. Overall, it is important to infornethotels of the savings potential that exists at
their facility, and that there are also many bebatichanges with no upfront costs and
immediate savings as well as cost-effective teagioll upgrades.

Food Service
A variety of straightforward measures can incre¢hsevater and energy efficiency of food
service fixtures.

Ice Machines
Shifting the ice machine production timer so tleatis produced during off-peak hours can save
money on electric bills.

Dish Washer

Reduce electricity bills by turning off the intefttank heater on dish washers at night and during
non-business hours. Reduce water and natural igé¥pichecking that rinse pressure is in
agreement with manufacturer recommendations (tiigiaeound 20 pounds per square inch or
psi) and wash curtains are in good working condit@ish washer conveyors should also be
kept in the automatic mode recommended by the naatwer (Consortium for Energy

Efficiency, 2005b).

Pools and Spas

Pools and spas at hotels are among the largegfyeaed water uses. Employing water and
energy efficiency BMPs at pools and spas can redater, electricity, and natural gas bills
without sacrificing the recreational experiencegoésts.

Pool and Spa Covers

Pool covers may not sound like an impressive teldgneal retrofit, but properly used they
represent the largest potential energy and watengsat the lowest price. A pool or spa cover
costing $50 to $100 can reduce water loss fromaneion by 30 to 50 percent, and reduce
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annual heating costs by 50 to 70 percent. Poolrequ®vide a triple benefit in that they also
result in less chemical use as well (United StBigsartment of Energy, 2009a).

Efficient Pool Heaters

Most current pool heaters in California are requitiee be at least 78 percent efficient. This
means that for every 100 units of gas used by ¢fa¢eh, only 78 units actually are used for
heating the water and the rest of the heat isdostto inefficiency. Buying a 95 percent efficient
pool or spa heater can save hundreds of dollafsyesar in heating costs (United States
Department of Energy, 2009b).

Variable Speed Pump
According to SCE, replacing a single speed poolpwith a variable speed pump can almost
halve the electricity needed for pool circulati®o(thern California Edison, 2010d).

Solar Pool Heater

Once efficient heaters and pool covers are usedrnonize heating energy needs, a solar pool
heating array can provide a large majority of tb& of the heating energy needed. Water is
pumped through tubes passing through the solagatoh, which then heats the water as it is sent
back to the pool. While savings depend upon theesysize, sun availability at the site, and
other factors; the United States Department of ggnezports that pool solar water heating
systems can often pay for themselves in 1.5 toarsy@Jnited States Department of Energy,
2009c).

Check for Leaks

It is estimated that one in every 20 pools has, land just one pinhole-sized leak can result in
a pool losing over 300,000 gallons of water peryda easy way to tell if your pool is leaking

is to fill a bucket with water and place it on th&ol’s top step. If at the end of the day the water
level in the bucket is significantly higher thantie pool, water is leaking out somewhere.
Sophisticated cameras or microphones can be udetitieaks, or simply compressed air or
dyes (Alliance for Water Efficiency, 20Q9)

Wind Break

Lots of wind around your pool means more water lagat will be lost due to evaporation.
Consider surrounding the pool with landscaping tanee to decrease evaporative water loss —
however ensure that the wind break is not shadiagobol, since the sun helps heat it (United
States Department of Energy, 2009a).

Optimal Temperature and Pump Use

The optimal pool temperature ranges from 78 degmesompetitive swimming to 82 degrees
for children and seniors. For every extra degréidity heats the pool, it is increasing energy
costs 10 to 30 percent. Also, the higher the teatpez the more water and heat loss due to
evaporation if the pool isn’'t covered (Alliance #Mater Efficiency, 2009)For a period of
inactivity of several days, turn down or off theater — it's a myth that it takes more energy to
heat the pool or spa back up than leave it on 8dnBtates Department of Energy, 2009d).

Most pool pumps circulate much longer than necgs3dre Association of Pool and Spa
Professionals recommends circulating the watenerpool once per day, but many pools have
their pumps set to do much more. Rather than hawe icontinuously, set the pump to cycle for
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a few times a day for short periods of time (a ticem be purchased to do this for you). Also,
ensure that the intake filters aren’t clogged, Wwhigquires the pump to work harder. Simply
operating your pump more efficiently can reduceryaactricity bill up to 60 percent (United
States Department of Energy, 2009d).

Proper Filter Maintenance

Don’t backwash your filter too much to clean ithe taverage backwash uses 250 to 1,000
gallons of water, and often still doesn’t complgtelean the filter. Manually cleaning the filter is
more effective, and saves energy and water (Aleédoc Water Efficiency, 2009).

Laundry

Linen Reuse Place cards

Many hotels already implement towel and sheet reusgrams in which they encourage their
guests to sleep in the same sheets and use the®aeis if the duration of their stay is less than
three days. There are place cards in each hotel eval bathroom that explain the purpose of
this program and describe the method by which tresigcan signal the housekeeper to either
wash or leave the linens. These programs can reédedeequency of washing cycles and
therefore reduce water and energy utility bills @ondsibly decrease labor costs for the hotel as
well. In addition, this effort can enhance hotglutation, and help reduce the environmental
impact of each hotel facility this can further hglpests feel good about their actions.

However, even if there are already programs andsaarplace, there may be ways to increase
the effectiveness of these policies and maximieepthtential for savings. For instance, altruistic
hotel guests would be more inclined to adhere egttiicy if they believe that they are making a
small sacrifice to help the environment or a clyathan if they believe that they are reusing
their linens only to help the hotel reduce cosisgghi Shang, Debra Z. Basil, & Walter Wymer,
2010). Many people are also driven by self-interastl may respond more positively to this
policy if they believe that the resulting monetagayings to the hotel will be reflected in lower
room rates (Jingzhi Shang et al., 2010). Theseedméively low cost adjustments to either new
or existing practices that could result in greairsgs and a better reputation for the hotel.

No Triple Sheeting

For decades many hotels have considered a thied,skiich is placed in between the blanket
and the bedspread, to be a luxury for the hotestgiozlowski, n.d.). A triple-sheeted bed
prevents the blanket from coming in contact with gluest’s skin unless they purposefully
separate them. However, this small luxury adds roosgs to the hotels with increased labor and
utility costs and yet may be relatively unnoticeatd the average guest (O'Neill & Siegelbaum
& The RICE Group, 2002). In addition to the chafjerg and timely process of making a triple-
sheeted bed, the increase in labor and utilityscassociated with laundering the sheets could
increase substantially (Kozlowski, n.d.). It isoseunended that hotels should discontinue triple
sheeting to receive instant financial gain assediatith decreased washing cycle frequency at
no cost to them.
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Weigh Each Load before Washing

The only way to ensure that each washing machingising at maximum capacity is to
measure the dry-weight of the linens before washiihgs small extra step could result in large
savings if the annual cycle frequency is reduced.

Adjust Washer Settings

Water consumed during a wash cycle is primarilygdeined by the washer programming and
not washer manufacturers (Alliance Laundry Systt@&0). Even if there are dozens of water
levels, it may be difficult to save more than 1084vater used while still maintaining a superior
wash quality (Alliance Laundry Systems, 2010). iagtance, many cycles do not require a pre-
wash or an extra bleaching cycle, but this is ofteitt into the cycle settings. Most industrial
washer programming is set by a commissioned chém@peesentative rather than the hotel staff
or manufacturers. Considering that most of the maded for washing is hot, the energy savings
could be even greater with a reduction in water ikerefore, a hotel interested in using the
most efficient settings to suit their needs shaaldtact their chemical manufacturer.

Ozone Washing System

Ozone is a very commonly used natural sanitizeab®e it is a very unstable molecule that is
able to oxidize most organic compounds that it anters. In fact, it is most widely used by the
bottled water industry because of its ability tth Bacteria without affecting the taste of the
water. An ozone washing system is a wall-mounystesn that hooks up directly to your
existing washer through a series of efficient, @ogsistant valves. This system can decrease the
amount of hot water needed for each cycle by bbb because it disinfects the linens just as
well or better than heating the water to 160 degreeaddition to the decrease in gas costs,
many laundries have reported the cold ozone ridemzan extend the life of the linens when
compared to washing them in hot water filled witkazh. Depending on the frequency of
washing at a particular hotel, the payback peraycafi investment in an ozone washing system
could be very short as the savings on gas billsbeareduced dramatically (Articlean, 2010).

Machines with Higher Water-Extraction Rates

All newer models of washing machines will likely more water and energy efficient than older
ones. However, when it comes time to purchase aweshing machine, the extract G-Force is a
measure for comparing the washers’ quality byhistg to remove moisture from the linen. A
higher G-Force will result in a larger reductiondirying time. For instance, a G-Force of 98 can
typically leave 93% moisture retention, while a Grée of 345 will only leave 65% (Unimac,
2010). ltis difficult to quantify the exact sagmsince residual moisture depends on the linen
type, and dryer efficiency. However, it is impottém consider because of the substantial amount
of gas and time consumed during each drying cycle.

Domestic Fixtures

At our case study hotels, domestic fixture water ascounted for the largest water demand as
compared to any other end-use category, inclugingdcaping. Being that the majority of this
water is used in faucets and showers, this signifie high volume of water requires large
amounts of natural gas energy to heat. This alssmma lot of opportunities exist to reduce the
combined energy and water fixture use at hoteld sigmificantly decrease their operating costs
and environmental impact.
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Check for leaks

Have the maintenance staff check for leaking fiesuiSome studies attribute between 6 and 12
percent of a facilities’ water use to “leakage/othd”lace dye tablets or food coloring in the
toilet tank, and then inspect the bowl to checkiddet leaks which would increase the water
requirements. Check guest rooms visually for driggaucets and showerheads, and fix or
replace as needed.

Low-flow showerheads

About 7 percent of total bathroom water use inGhlesector is from showers — and this number
is greatly higher in hotels. Installing a showerhé#zat uses less water can save several gallons
per shower, and thousands of gallons annually witbompromising flow. All while costing as
little as $5 to $12 when purchased in bulk. Andrttegority of the water reduced with a low-
flow showerhead is hot — which reduces naturalagasell. For this reason, investing in low-
flow showerheads usually pays for itself within€ays (Cohen et al., 2009).

High-efficiency or Dual Flush Toilets

Generally in hotels, toilets account for 72 peragribtal restroom consumption. Currently all
new toilets must use 1.6 gallons per flush, andf@ala legislation passed in 2008 will reduce
that to 1.3 gallons per flush by 2014. Installinigigh-efficiency (1.28 gallons per flush) or a
dual flush (0.8 and 1.6 gallons per flush dependimgise) can drastically reduce a hotel water
bill — as much as 15,000 to 20,000 gallons peet@Cohen et al., 2009). Installation in high
traffic areas, such as lobby or pool bathroomspnbt save more water but also give hotels a
modern and efficient look.

Faucet Aerators

Since faucet aerators reduce flow, and can be psechand installed easily, facilities often make
up the cost with lower utility bills within monthkike showerheads, efficient faucets provide the
dual benefit of also reducing the natural gas nééadehot tap water. Gaia Napa Valley Hotel
and Spa installed high efficiency toilets, showeads and faucet aerators along with other best
management practices mentioned in this report @alized a 45 percent reduction in total water
usage and a 25 percent reduction in energy. Thestesavings allow the hotel to make up the
retrofit costs in 5 years (Cohen et al., 2009).

Cooling Towers
There are several relatively simple measures @rairaprove the efficiency of a cooling tower:

Insulation

Insulate all heating and cooling lines/vessels mimmze heat gains or losses. Keeping the water
in the exposed lines insulated creates less exttemperatures for the cooling tower to
overcome.

Building Heat Load Minimization

Measures like roof reflectance, efficient inteflighting, and optimal thermostat setting for the
temperature of air conditioned spaces can miniizeonditioning loads for the cooling tower.
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Select high-efficiency units when replacing HVAGigaent

Reduce energy bills by selecting higher-efficieagyconditioning units. The upfront cost of the
high-efficiency unit may be greater than an averagg but typical payback periods for high-
efficiency cooling towers range from two to fiveaye (Alliance to Save Energy, 2009).

Hot Water Heaters
Two measures and practices that save significaerggrand water are:

Reduce the temperature to 120 degrees Fahrenheit

Most manufactures set the water temperature atFl4@ile users only require hot water up to
120 to avoid scalding. Each 10 degree reductiomater temperature saves about 3% to 5% in
energy cost. Lowering the temperature also redogeeral buildup and corrosion (United States
Department of Energy, 2009e).

Insulate the hot water tank

Insulating the hot water tank is estimated to redstandby heat losses by 25%-45%. The
reduction in standby losses results in 4% to 9%emla¢ating costs savings. The installation of a
hot water heater tank jacket is usually performgd beating expert, but the payback period is
less than 1 year (United States Department of Ene)9e).

Landscaping

Every landscape is different, making standardizedmmendations difficult. There are
however, generally accepted BMPs to consider fantaming plant health and appearance and
preventing the waste of water and money. BMPsdods$caping are both technological and
behavioral but are best practiced together to enhat savings potential of technology-based
retrofits are realized. Before any technical solsican be presented, strategies addressing the
design, operation, and maintenance of landscamesdshe discussed.

Hydrozones

Efficient irrigation of each zone is calculated &&®n the watering needs of the thirstiest plant.
The concept of grouping plants of similar watenvagds within an individual irrigation zone is
called a hydrozone. The inclusion of low water asd high water use plants together results in
overwatering some plants within the zone and cad te significant water waste and disease
problems for plants receiving too much water (Ursitg of California Cooperative Extension
and California Department of Water Resources, 2000)le the hydrozone concept is most
important during the design phase of a landscapgh,ater use plants can be removed from an
irrigation zone to allow for a reduction in wategineeds of the zone.

Convince the landscaper to conserve water

Landscapers do not pay the water bill and so arasiooncerned as the building owner or
manager with minimizing water costs. Landscapgrgally over-water to ensure plants grow
rapidly and stay green, keeping the owners and gesdappy. However, an overwatered
landscape wastes water and requires more workaaldftional trimming and growth control. By
having owners and managers request landscaperseradier use, they will convey cost
concerns to the people in control of the abilitygemerate the savings. Trainings such as the
Green Gardener Program® in Santa Barbara can edstedt and landscape contractors about
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the importance of conserving water, reducing pels; and many other sustainable practices
(County of Santa Barbara, 2010).

Turf removal

While replacing cool season turf with drought tatgrplants can generate some of the highest
potential water savings, this can be labor intemaivd includes costs for removal, transport, and
disposal. Consider removing some turf zones whelreitees and recreation do not occur and
retain ones that do. A site walk-through with adsecape professional to discuss opportunities
for minimizing impacts and maximize water savingh kaelp identify the best plan for
addressing turf removal.

Non-irrigated areas

Permeable hardscapes, paths, and rock gardensaodtéime center of attention in landscapes.
These areas draw people closer into the desigmaélehction and beauty into the landscape,
while reducing the irrigated area. For large pldraeeas, or where removal of turf or high water
use plants is planned consider incorporating walkiaths, patios, or other permeable areas to
reduce water use. This is best performed in conbimavith installing drip irrigation as
meanders can be introduced both into the layottiefirip line and any paths without the worry
of sprinkler overspray and waste. For hotel coudyathis may be a welcome getaway.

Weather-based (ET) controllers

Evapotranspiration-based or ET controllers aregiesl to reduce water used in irrigation by
applying the proper amount of water only when nde@& controllers do this by adjusting
watering times based on recent and predicted wep#tierns based on locally available weather
stations (EPA Water Sense, 2009). Traditional adleis must be adjusted manually to account
for changes to seasonal water needs of planthbsé regular adjustments are often overlooked,
resulting in over watering relative to plants’ adtneeds. The result can be significant over-
application of water during the majority of the y&ath reports of saving up to 50% of water use
in certain applications (EPA Water Sense, 2009)wAls nearly all technology, even ET
controllers must be set correctly and adjustedctmant for plant stress, runoff, etc. if water
savings are to occur. While ET controllers havents®wn to save water for those who over-
irrigate, they also have been found to increasemwe for customers who typically under-
irrigate (Mayer, 2009). Lastly, rain sensors ar@ecessory that can be connected to most
standard controllers and automatically shutoff watpcycles when measurable rain occurs.

Watering Schedules

The frequency of watering varies by age and plpaties. When first establishing plants,
watering may be frequent. However, for adult plamd turf grass, everyday watering
encourages shallow roots which reduces droughtatiote, impedes efficient nutrient uptake,
and increases evaporation from the soil (Bildetbl&dowell, 1996). By following locally
appropriate watering schedules developed by wasaials (Metropolitan Water District of
Southern California, 2010); (Santa Barbara CounatéaVAgency, 2010a), efficient watering
schedules are easy to follow. An additional toéé@&d by some water districts is the weekly
value for local plant water needs, using the wiatelget feature of controllers. First set the
irrigation controller based on the plant water ree¢dring summer, and then set your water
budget feature on your controller to 100 perceasd®l on a given week’s water budget posted
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online, a simple adjustment to match the water budgrcentage will reset all irrigation zones
based on that percentage (Figure 36).

Watering Index Example
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Figure 36 Typical ET curve, summer/winter wateringschedule, and watering schedule based on an ET bdse
irrigation controller
Source: (Santa Barbara County Water Agency, 2009a)

Delivering Water

The efficiency of getting water through complexgation systems to plants roots varies
considerably. There are many methods to water plauit advances in irrigation design deliver
water more efficiently by applying it slower. Trédnal spray heads have high flow, or
precipitation rate, of 1-2 inches of water per havuich is often higher than the infiltration rate
of the soil. This can result in pooling on the agd, higher evaporative losses, and runoff,
especially on slopes greater than 10 percent (Rildek & Powell, 1996). Consider the
following designs over standard spray heads oraipenklers.

Rotating nozzles

As a modern retrofit for traditional spray headsgating nozzle spray heads produce multiple
streams of water which rotate through the arc efittigated zone and have a much lower
precipitation rate than traditional spray head tezgHunter Industries Inc., 2007). The slower
and more uniform application of water more clogabtches precipitation rate with water
infiltration rates into soil, reducing pooling anghoff. The streams of water also produce less
misting than spray heads, resulting in less losginol and evaporation. These differences have
been shown to save 20% or more water when usexplace traditional spray heads (Santa
Barbara County Water Agency, 2009b) (SolutionsGogen, 2006). These nozzles must be
paired with a pressure regulating head to ensursisient flow patterns and distances. For areas
where turf will be retained, rotating irrigationzabes are the best solution.
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Drip irrigation

Drip systems are a significant advancement inatran technology. While not new, their use
continues to spread as water becomes scarcer atd wano longer acceptable. A well-designed
drip system works by delivering water slowly ancedtly to the soil and the roots below, rather
than spraying water everywhere. A hotel drip sysséwould be durable by design; avoiding
fragile parts and taking advantage of sufficientehwcover to cushion the drip line and reduce
the likelihood of being stepped on and broken.

Mulch

Serving many purposes in the landscape; mulch gesviveed control, reduces evaporation from
soil, increases soil organics as it breaks dowfielsisoil temperature, and adds a distinctive
look to the landscape (Connellan, 2009) (Santad@arounty Water Agency, 2010b). Un-
mulched landscapes have higher rates of evaponatiter loss and can require an additional 10
to 20% water applied to maintain plant health (iénsity of California Cooperative Extension
and California Department of Water Resources, 208@)le time-consuming to apply and
lasting only a few years, mulch is usually readiilable from local sources for a nominal
delivery charge (Santa Barbara County Public War&partment, 2007).

Maintenance

Regardless of the irrigation system installed, f&gattention is important to maintain the
function of the irrigation system and the desim@uokl of the plantings. Regular but simple
adjustments to the irrigation controller's watedbat feature is important to account for
changing weather and is essential to actually gawiter. Spray heads should be checked
monthly for leaks and poor spray patterns, drifgesys must be checked for broken emitters,
while both need regular cleaning of filters to mevclogging and poor performance. With drip
systems, special care must be taken by landscafievbien digging to avoid cutting the drip
line.
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Southern California Edison: Resource Savings Poteiat of Increasing Energy and
Water Efficiency Efforts

General Overview

Results presented at the beginning of this seetierfrom various retrofit scenarios relevant to
each hotel, which focus on resource cost savingsaggested BMPs. The retrofit results that
presented here are relevant to SCE and focus eatdilectricity savings, cost savings, price of
retrofit, and payback in years. We modeled theofietresults after the format that SCE use to
report their findings to each case study hotelldvohg SCE’s method of reporting results
allowed us to give context to the savings we foop@omparing results and aggregated some of
our findings with those of SCE. In order to compidue results we found annual use, annual cost,
retrofit price, annual savings, and payback pefawcach end use technology that we audited.
Each retrofit that we recommend is viable overlifeéime of the technology.

It is important to emphasize that we did not desigrew electricity audit for SCE as we
assumed the audits they perform reach the potdatialectricity savings. Our combined energy
and water audits were performed to quantify theewetlated total resource savings and see if
value could be added to the savings SCE finds thifr existing audit. Therefore, the results
that we reported to SCE include all potential resewsavings, not just direct electricity. Our
retrofits include water, natural gas, direct elet, embedded electricity, and greenhouse gas
savings. When reporting the retrofit results to S@Efirst emphasize the direct electricity
savings that we found. Those results are direetgvant to SCE and show additional electricity
savings opportunities that could be incorporatéd their electricity audits. Next, we report all
of the resource savings that we found in our ragad display the resource savings that are not
being captured. Finally, the added value that ee8ynaudit gives to the existing SCE electricity
audit is illustrated and discussed.

I nterpreting the SCE Electricity Audit Results

The major recommendations that SCE made to thestadg hotels are focused on light bulbs
retrofits and best management practices for HVA§Iesyis. Each hotel was given an “Energy
Conservation Report” that highlighted potentiahtigg and HVAC energy savings. The energy
audit results include quantitative and qualitabwvalysis. At each hotel the amount and type of
lighting was noted by the SCE energy auditing psi@nal and proposed replacements were
suggested. The existing energy cost, energy cusigs price, rebate, and payback period were
reported to the hotel manager (Table 31). The Moialley hotel was reported to have seven
different groups of fixtures that could be retr@i, for a total cost of $7,917.72 and a payback
period of 1.04 years (Delgado, 2009a). The Santhda hotel had four different fixture group
types that could be retrofitted for a total cos$8¥3.18 and a payback period of 0.26 years
(Delgado, 2009b). The Moreno Valley and Santa Barbatels would largely benefit from
installing energy efficient light bulbs. The eneydit results for the Goleta hotel are qualitative
and do not include any retrofit calculations du¢hi® efficiency of existing appliances.
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Table 31 Sample of SCE results from the energy audat the Moreno Valley hotel
Lighting Retrofit Measures
Fixture Group Type: HANG
Quantity: 15
Exsisiting:1 Lamp incandescent fixtures using 4%5tsvaach
Proposed: Retrofit to 1 lamp compact flu fixturesg 19 watts each

Existing Energy Cost $1,160
Energy Cost Savings $670
Price $190
Rebate $53
Payback (years) 0.20

Source:(Delgado, 2009a)

The HVAC energy efficiency savings are more diffico interpret given that the method of
analysis used by the SCE energy auditor was undRegults were reported to the hotels about
the type of HVAC units, operational hours, and reotended improvements. The quantitative
HVAC results were given for programmable thermostgdrovements and new HVAC unit
improvements, solely based on interviews with toeehmanagers (Table 32). In terms of initial
cost, annual savings, and payback period it islwdrile for the Moreno Valley hotel and Santa
Barbara hotel to install a programmable thermobtattnot a new HVAC unit unless it is
necessary. The HVAC results reported to the Gdietal were qualitative.

Table 32 The SCE energy audit results for HYAC sysims at the Moreno Valley Hotel.

Programmable Thermostat
Improvement New HVAC Unit Improvement
Annual KW Savings 0 Annual kW Savings 18.609
Annual kWh Savings 5,014 Annual KWh Savings 25,291
Annual Savings $802.24 Annual Savings $4,046,.56
Estimated Initial Cost $125.00 Estimated Initials€o | $60,000.0(
Estimated Rebate $54.00 Estimated Rebate $0.00
Estimated Payback (years) 0.15 Estimated PaybasK (y 15

Source:(Delgado, 2009a)

After the quantitative results each report inclusiegeral qualitative recommendations to
improve lighting and HVAC efficiency. The lightimiggestions include installation of
occupancy sensors and information about varioustestthat SCE offers for replacing light
bulbs. SCE also recommends installing occupancymsrat vending machines and includes
information about an available rebate. The HVACagahrecommendations include: clean
HVAC condenser coils, regularly replace filterstbAC units, and replace individual PTAC
units with high efficiency units. Finally, each mepincludes general information about the
energy efficiency programs that SCE offers, sucthadBusiness Incentives & Services
Program, Saving by Design, and the Summer DiscBtogram.

Direct Electricity Results

SCE presented retrofit results to the Santa Baratiel and to the Moreno Valley hotel. The
results reported to the Goleta hotel were quakatio not provide an opportunity for retrofit
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savings comparisons. Figure 37 shows the directredity savings results that we calculated for
our retrofits scenarios at the Santa Barbara hobe.retrofits that provided direct electricity

SCE and Synergy Direct Electricity Savings
Santa Barbara Hotel
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Figure 37 SCE and Synergy direct electricity savingresults from retrofits at the Santa Barbara hotel

savings to the hotel were for reducing pool pumgarsd minimizing washing load by not triple-
sheeting. The average payback period for the rtribfat SCE suggested is 10.5 years and the
average Synergy payback period for the direct etétyt saving retrofits is 2.2 years. The dollar
savings from the Synergy retrofits are $1,400 wthikecost is $24,000. The retrofit results from
our audit add about 30% direct electricity savitthe kWh that SCE found and contain a
shorter payback period than the SCE analysis.

The retrofit scenario that was economically viedohel saved direct electricity at the Moreno
Valley hotel was a pool retrofit. Figure 38 showattsavings from reducing the pool pumping
time and replacing pool and spa lights with LED®] éhe direct electricity savings suggested by
SCE for the Moreno Valley hotel. The recommendexdesyy retrofit cost $3,120 and saved $
2,240 annually. The pool retrofit adds 20% kWh sgsi a small amount of electricity cost
savings, and offers a payback period of 0.91 y&drs.payback period from the SCE
recommended retrofits is 4.47 years.
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SCE and Synergy Direct Electricity Results
Moreno Valley Hotel
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Figure 38 SCE and Synergy direct electricity results from rérofits at the Moreno Valley hotel

The retrofits scenarios for ice machines at the&Barbara hotel and the Moreno Valley hotel
each showed about 1,000 kWh savings annually, bt wot economically viable for the hotels
to implement. Although SCE currently offers rebdte#sce machine retrofits it would be
beneficial for SCE to consider that a larger relcatdd incentivize the hotel owners to install
more efficient ice machine measures. SCE could thpture additional electricity savings from
a technology that uses both water and energy.

Total Resource Retrofit Results and Recommendations

There is considerable potential for resource savfrgm audits that combine energy and water.
The resource savings that we found from all ofretnofit scenarios for the Santa Barbara hotel
are shown in Figure 39. The resource savings slave/the results from all economically
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Synergy Resource Savings
Santa Barbara Hotel
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Figure 39 the total resource savings from suggestedtrofits at the Santa Barbara hotel.

viable retrofits including: toilets, showerheadsjdets, washing machines, pool, and irrigation
for landscaping. The most significant resourcersgviare for natural gas and water. Figure 40
shows the Synergy resource savings found at themdovalley hotel, and further illustrates the
potential for resource savings from a combinedg@nand water audit. The resource savings are
the result of retrofits for faucets, landscapingj a pool. Again, most of the resource savings are
for natural gas and water. Embedded energy sawinie Moreno Valley hotel are over 50%
higher than the embedded energy savings at the Bambara hotel. Moreno Valley relies
heavily on energy-intensive imported water for theater supply and each gallon of water
conserved at Moreno Valley carries more embeddetygrsavings than at Santa Barbara or
Goleta. Figure 41 shows the estimated resourcagaiiom Synergy retrofits at the Goleta
hotel.
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Synergy Resource Savings
Moreno Valley Hotel
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Figure 40 Total resource savings from suggested refits at the Moreno Valley hotel.

Synergy Resource Savings
Goleta Hotel
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Figure 41 Estimated resource savings from Synergyetrofits at the Goleta hotel.

The retrofits recommended at the Goleta hotel oelshowerheads, faucets, landscaping, and
pools. The total upfront cost of all recommendeidbfits is $12,400 and the total lifetime
savings is $69,000. Embedded energy savings &atleta hotel are about 85% less than the
embedded energy savings found at the Moreno Valégl. This is partly due to the difference
in water savings found at each hotel: 446,000 gallt the Moreno Valley hotel and 305,000
gallons at the Goleta hotel.

The total retrofit results that we found from ouda add direct electricity, natural gas, and

embedded energy savings to SCE’s retrofit reskitgire 42 shows the totals for direct
electricity, energy savings, cost savings, andepoicretrofit for SCE and all of the economically
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SCE and Synergy Total Resource Savings
Santa Barbara Hotel
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Figure 42Synergy and SCE total energy and cost savings atdlSanta Barbara Hotel

feasible retrofits we calculated at each hotel. fbt@ energy savings bar includes direct
electricity, natural gas (therms converted to k\&inl embedded energy in water. While we
added only 30% to SCE'’s findings for direct elagtyi savings, the direct electricity savings that
SCE currently capture is only 4% of the potentighkt energy savings that we calculated. SCE
results for total cost savings make up 3% of tha&l twost savings that we found, and the retrofits
that we are proposing to the Santa Barbara hostlardy 30% more than the retrofits the SCE
recommends. The total lifetime savings from thee3gp retrofit are $22,600 and the total
upfront cost is $81,000.

SCE and Synergy Total Resource Savings
Moreno Valley Hotel
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Figure 43 Synergy and SCE total energy and cost sags at the Moreno Valley Hotel
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The added resource savings and cost savings résuttee Moreno Valley hotel show similar
results to the Santa Barbara hotel (Figure 43).Syreergy retrofits found an additional 20%
direct electricity savings in comparison to the amdSCE found. The direct electricity savings
from our retrofits add 93% of the total energy sgsito the direct electricity savings from

SCE’s suggested retrofits. SCE’s total cost savargs30% of the total cost savings that Synergy
found, but make up 88% of the total upfront costrérofits.

We also estimated GHG emissions savings from tiefits that were suggested for each hotel
(Table 33). For context, the EPA estimates thataameemits 5 metric tons of G@ach year
(EPA, 2005). The GHG emissions savings for the 8pneetrofits at the Santa Barbara and
Moreno Valley hotels is the equivalent of 32 fewars driving per year. The following section
of this report explains the state mandates thafaatlectricity utilities to reduce GHG
emissions. With the Synergy retrofits there cowddalreduction of 160 metric tons of €0
equivalents each year.

Table 33 GHG emissions before and after the suggesit Synergy retrofits
at the Goleta, Santa Barbara, and Moreno Valley hatls

GHG Emissions from Recommended Retrofits
(metric tons CO2 equivalents
Goleta | Santa Barbara | Moreno Valley
hotel hotel hotel
Before Retrofits 90 230 30
After Retrofits 45 100 10
GHG Emissions
Savings 45 130 20

Summary

The resource savings from our combined energy atdnaudits are significant, especially for
natural gas, water, and embedded energy. Theatayy savings we calculated from the
retrofits at each hotel matches or adds 70% to 8@¥e energy savings to the electricity savings
captured by SCE'’s retrofits. The savings from #teofits we recommend offer more dollar
savings for the hotel and cost less than the fiegrsfiggested by SCE (Figures 42 and 43). Our
direct electricity savings, however, only add ab@it to 20% additional energy savings that
SCE could capture at each hotel. Under the curegniiatory structure, the Synergy results are
probably more relevant to the natural gas and waitkres than to SCE. The next section of this
report explores policy changes that could allowSQE to capture some of the resource savings
opportunities that we quantified from our integchgeidit. For example, policy changes that
allow electricity utilities to capture GHG emissisavings and savings from embedded energy in
water would make our results even more releva®G&.
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Policy Implications

I ntroduction

Concerted efforts by our case study hotels and @ihkginesses to integrate energy and water
conservation strategies can begin to make an intpaetrds lower resource use. Due to the
growing effort of local, state, and federal poliogkers to promote energy and water
conservation, new opportunities are emerging awddioated conservation is beginning to take
shape. For many successful conservation polidiesljries between the levels of government are
often blurred; many local governments have purgféciency and conservation programs either
on their own or as a way to implement statewidécpd, leveraging state and federal grants to
pay for these programs. For example, the city ot&Barbara has shown leadership toward
sustainability efforts, by harnessing federal blgchnts for energy conservation which
demonstrate progress towards meeting state gaa#s3f@2 and in the city general plan (Dewey,
2009). As water and energy conservation evolveethdl be important roles for all levels of
government to develop effective policies that mketspecific needs of constituents.

Existing Policies

Energy and water conservation has a global reackdycing GHG emissions but may have a
greater impact locally by decreasing the needrfgrarted energy sources. Policies at the local
level, which encourage the implementation of enengyy water conservation, employ local
workers and can have a positive impact of job aaaiAs less money is spent on imported
energy and water, more money can be spent ondocals and services where it will circulate
throughout the community and help maintain prospéAllen, Hudock, & Koebel, 1985).
Because of the more local nature of water resousdasve to the regional and global
commodities of electricity and natural gas, pokorhich increase water conservation have less
effect on exported resource dollars but have atgréapact on local water supply security.

Local efforts to conserve water can decrease wiierand and reduce the impact on limited
local water supplies. With nearly all of Southeraifdrnia dependant to some degree on
imported water, demand reduction decreases depeypdarmuch more expensive and energy
intensive imported water supplies. As populatioomgh is projected to increase demand, this
calls for a shift toward more expensive importedevaupplies, and conservation can reduce
future capital investment in new water supply pectgeP.H. Gleick et al., 2003) To estimate
future growth and identify how water supplies vad met during normal, dry, and multiple dry
years, California requires urban water districtdwaiver 3,000 connections to submit an Urban
Water Management Plans (UWMP) every five yearslif@aia Department of Water
Resources, 2010).

UWMPs can assist water districts in long term piagrno prevent growth that would put water
reliability in jeopardy. Since most traditional soes of water are already fully allocated in
California (Burke, E. et al., 2006), alternativepplies such as reclaimed, desalted, or
conservation are becoming important tools to metetré water demand. The UWMPs requires
local water district’s to plan for drought whichvgs them the framework to understand the
policies they will need to adopt to meet futuredsed.ocal policy makers can then act to
increase conservation, water recycling, and conjuacise to better meet local needs and reduce
reliance on energy intensive imported water. Wedme local districts have pushed
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conservation measures, a new law will require amum level of conservation from all regions
of the state.

As part of California’s most significant water Isigition since the 1960s, SBx7 7 is one of a
package of five water bills signed into law in 12@09. SBx7 7 codifies Governor
Schwarzenegger’s 20 x 2020 executive order, raguitialifornia achieve a 20% reduction in
per capita urban water use by 2020, with a intgyoal of 10% savings by 2015 (Brandt, 2009).
The state is planning a task force to develop BiHAeeasure and implement water efficiency
projects (Global Water Intelligence, 2009), promgliguidance and flexibility for local water
districts to meet the statewide target. Four otiare being offered to water districts to meet the
goals of the legislation, allowing for flexibilityith implementation that may result in less than
20% savings. Additionally, details relating to hdistricts pick their base year will also affect
how much conservation each district will actualfyé to achieve. Panel discussions at the 2010
California Water Policy Conference in Los Angelegjgcted that many districts will easily
achieve the 20% conservation targets based ongs@&eady performed and other mandated
actions (O'Conner, Lorance, Metropulos, & Nelsdil ®; raising the question of whether this
target is too conservative to truly move Califortoavards more efficient use of water of if it
would occur for many districts without additionatians. Outside of more stringent
conservation targets, helping customers affordiffifeont costs of investing in efficient use of
water and energy may be an attractive method towrage greater voluntary action.

I nvestment Barriers

Capital investment in energy and water efficienoyjgxts is often a barrier to businesses.
Projects often require significant investments ngmff and despite short payback periods,
compete for dollars with other projects more visitd customers. While SCE’s on-bill financing
offers hope of alternative funding strategies foergy efficiency, water districts do not currently
offer similar programs to address the initial invesnt in efficiency programs. Thanks to a
recently passed bill in California and plans fardbimplementation, another solution for
reducing the capital investment barrier is matezirad).

The 2008 California Assembly Bill 811 authorizetles and counties to establish voluntary
contractual assessment programs to reduce thentigivsts of implementing energy efficient
and renewable energy projects for property owre. California legislature declared that AB
811 has public purpose benefits, which gives Igoaernments the authority to finance energy
efficiency programs. As an example, Santa Barbaan€y is using its authority to create the
“Elective Municipal Program to Optimize Water Eféacy, Energy Efficiency and Renewables
(emPower SBC). The emPower SBC program is designedcourage energy efficiency and
thereby reduce GHG gas emissions, promote enedgpendence, and stimulate economic
opportunities. Santa Barbara County recognizes¢ies between energy and water and
includes incentives to implement water conservati@asures through this program. EmPower
SBC is a voluntary program that only applies topernty owners that fully consent to the
process. The financing will be returned to emPd8REC through semi-annual tax on the
property tax bill. This program may be criticalgroviding customers the means to invest in
energy and water efficiency outside of a traditldoan or mortgage refinancing.
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Future Policies

In order to cost effectively increase water and-gyefficiency, many policies could be enacted
to improve how customers, utilities, and regulatmtdress technologies and behaviors that affect
consumption.

We discussed tiered and decoupled pricing in sedtjand for water utilities, neither is
required. While some discretion for local condis@hould remain for each water provider,
tiered pricing of municipal water with a minimumrpent increase for each tier should be
enacted by the legislature to help meet Califom@nservation goals. Tiered pricing sends an
economic signal to customers which offer a strdagisard method to meet California’s water
conservation goal. While fully decoupled water sa@milar to IOUs, may not be realistic,
mandatory tiered pricing can produce a strong iticerio reduce waste and encourage steps to
implement energy and water efficient technologies laehaviors. While price matters,
customers will also need continued assistance anvkig how to react to tiered prices in an
effective way.

Policy makers should continue to appropriate mdoegducation and demonstrations which
show conservation in practice. While technologyravements will increase efficiency

potential, education is essential to maximizingrsgs from implemented technologies, as well
as by reducing wasteful behaviors. Through focuséteach to broad customer classes such as
hotels, information such as BMPs specific to thstamer can be provided about retrofits and
how to get the most out of existing technologiegthwhany technologies in the commercial
sector needing informed management to implemeititjag should find a balance between
incentives for efficient technology and educatiorehsure its proper use.

Our data shows that when some conservation stestege analyzed in an integrated way,
considerable savings opportunities can be realidediever, these savings may be spread across
multiple utilities, or embedded upstream or dowesstn of the end use, making it difficult to
guantify actual savings in a rate hearing befoeeGRUC. Because of the challenge in verifying
indirect savings, SCE has yet to count water-rdlatectricity or other integrated water savings
toward their efficiency portfolio. A regulatory afgach is needed that recognizes the more
diffuse savings of water and energy conservation neacost effective and helps meet the
ambitious targets for GHG and water conservatiohekutilities and regulators can understand
and quantify the relationship between water andgneve may realize the value of
implementing an integrated approach to conservatioich best meet the goals of end users,
utilities, and the planet.

Exposing Customers to Efficiency

Hotels stand as a unique opportunity for demonefraif efficient design and technologies.
Customers from all walks of life can be exposeddw technologies and inform them of the
value of behavioral adaptations when staying atlbattilizing efficiency measures. When
implemented and presented, these measures caacalpte guests to realize alternatives exist
and in fact don’t change the functions or qualityh@ir experience. Exposure to alternatives can
prompt thinking about making a change (Figure 44) laotels have an opportunity to help
demonstrate this. Increasing incentives specifidall hotels to promote exposure to efficiency
measures and education can provide additionaldodimprovements with hands on interaction
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and displays. As a sector with technologies thassthe traditional residential and commercial
boundaries, hotels offer the unique ability to stgpuests that investing in water and energy
efficient technologies doesn’t change our standétving, but can change our utility bills.

Something
prompts
thinking Information
about gathering
making a
change

Consistent
Behavioral practice of

Change not

considered

change changed
behavior

Figure 44 Sequence of contemplation leading to betiaral change

Policies that support an improved partnership mbdeleen utilities and select hotels offers the
chance to create a highly visible and hands orrédbry for implementation and education.
Needing regulatory approval, programs that prowndeeased subsidies to selected hotels to
implement a suite of efficient retrofits offer obus value to hotels in up front and monthly cost
savings. In return, the hotel provides the tempiat@emonstrate technologies as well as a venue
for exposing the public to these technologies api@aches to efficiency. The ability for

utilities to inform the constant stream of hoteégts of energy and water efficient technologies
may be what is needed for a more widespread urhelisiy of these technologies so
technological and behavioral changes can occurulgegy agencies and utilities alike should
forge a balanced approach between programs thatdemtegrated resource planning, provide
incentives for efficient technology, increase rdtesncourage efficiency, and educate
ratepayers.

Rebates and Retrofit Scenarios

Hotels specialize in creating an environment tladétis to the needs of travelers by providing
customers with the essentials and amenities thké tieem feel at home. The often-times
convoluted world of energy and water efficientoéits are not within the hotel’s area of

expertise and may fall low on their list of priceg unless particular expertise can be brought in
to advise, assist, and find ways to save the motgley. When proven technologies and
behavioral changes, assistance, and calculatedgsawan be presented to hotels, the opportunity
to reduce resource costs may outweigh the initiat of investing in a particular suite of

changes. Often times, there is a disconnect sonrewVithin this chain, resulting in no change

to the status quo.

Rebates from utilities are carefully calculatednimentive an end user to decide to purchase a
particular devise that is designed to have loweg lterm costs than the initial cost and
conventional devise would have over its lifetimebBtes provide savings to the consumer which
lowers the cost of a particular item, help markg®fforts for new technologies, reduce market
risk for manufacturers to create innovative produahd support new to the market technologies
that have not yet reached the economy of scaleseapeto survive (Gibbs & Townend, 2000).

Rebates can be confusing, take considerable timefort to complete application forms, and
in the case of retrofits for water and energy edfit products, may require applying for rebates
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through multiple utilities. To ensure rebated itgpneduce the highest savings possible, hotel
staff must be trained with new technologies to emguoper use. By coupling rebates with
sufficient education from utilities for implementat, businesses can reduce risks associated
with integrating new technologies and realize t#nrgys that are advertised.

Given scenarios where rebates for utilities aredioated, end users may become aware of
rebates they did not know existed, or realize tbatbined rebates allow investments to break
through the return on investment barrier that ofitevents implementation of new technology.
Some technologies however may still incur too gagainitial investment to justify, even when
savings can be expected over the product lifethile then exists for removing or lowering
the barrier to initial investment through low irget loans or creative financing directly through
the utility. An example is a pilot program that begn 2006 at SCE, which provided a zero
interest on-bill financing option for a group of alincommercial customers for select lighting
and refrigeration retrofits (Southern Californiaigmh, 2006).

For instance, electricity consumption by ice maekiwas revealed to be considerable for all
three of our case studies. However, the initiaiteapivestment that is necessary to upgrade to
an energy efficient ice machine was prohibitivelythto justify replacement of conventional
units. In scenarios such as these where watemahgas, or electricity savings potential are
high, utilities should cooperate to offer joint adbs that may cover the difference between initial
cost and lifetime savings.

Collaboration with Water and Gas Utilities

While we argue for the integration of water andrggefficient strategies, integration could take
many forms. While a consolidation of utilities irdae resource provider is not the likely answer,
there remain many opportunities for utilities t@ahresources, information, and labor to
improve upon the implementation of energy and wed@servation. One approach might result
from the CPUC requiring gas and electric utilitiesvork closer together to meet state energy
conservation goals. Utilities and customers co@ddfit from coordinating rebate submissions
through either agency when rebates are availabie both utilities. The practical effect of this
approach would be some time savings for end userpassibly for utilities as well through
consolidated rebate applications and processingleWyas, electric, and private water utilities
are regulated by the CPUC, public water agenciesatidall under this or other common
jurisdictions, making integration of water morefidiilt to achieve. Barring some legislative act
that brings public water agencies under a commgulagory umbrella of other energy and
private water utilities such as the CPUC, hurdldklikely remain in gathering a numerous and
diverse group of public water agencies to voluhtantegrate rebates and consumer education
programs with energy utilities.

With CPUC direction and funding, existing progratiat bring energy utility staff to end users

to perform energy audits could theoretically expemohclude assessment of more technologies
in addition to what is currently examined. If SQ&fsperforms an audit at a hotel, besides
looking for electricity saving opportunities, theguld also perform assessments of opportunities
for natural gas or water conserving measures. Witiliéy staff would not be expected to be an
expert in these other fields, auditors could follstandard methods developed by the appropriate
utility to identify obvious opportunities that walibe otherwise missed. This more
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comprehensive audit would assist the customerantitying overlooked opportunities for
savings and provide information regarding rebatesugh the appropriate utility. The
integration of audits could allow utilities to battassist customers, recognize additional cost
effective conservation, and depending on CPUC @sljde reimbursed for their shared efforts.

The connections between water and energy are mmtuhbt, however utility and customer views
of what efficiency projects are most cost effectivay be incorrect. As the energy-water
connections become clearer to policy makers andlaiggs, and efficiency programs develop,
there will be a better understanding of not justdirect savings that are possible, but how
indirect water and energy savings occur. By quginigf the combination of these savings and
identifying ways to assign the savings to spedifitities, the true savings of some technologies
will become more apparent. Actions by the CPUC @dlaén direct utilities to increase

incentives for that show the greatest sum of saviAghieving larger savings then benefits the
utilities bottom line and society’s effort to mestergy reduction and water conservation targets.

To understand these issues of combined direct gmereds for technologies and energy
embedded in water, a greater amount of informagiaring will need to occur to better
understand these relationships. A statewide cotmml®f electricity and natural gas use data
from water and wastewater providers relating toawaburces, pumping, and treatment could
begin to provide managers with the data to modedelrelationships and the large role energy
plays within the water cycle. Models that alsooirporate end user water and energy data could
identify the best retrofits or regions to targetédficiency, improve program planning, and meet
regulatory goals with more cost effective methods.

Relevance to the Commercial Sector

Hotels and the greater Accommodations sector dgeomre class within the larger commercial
sector. However, their continued growth and impuréato the Southern California economy and
sector wide ranking as one of the highest useeseatricity, natural gas, and water highlights the
importance of this customer class (Bureau of Reataom, 2009). Furthermore, hotels offer
perhaps the broadest range of technologies witiyroae commercial class, and also overlap
with technologies in the residential sector. Ourma focus on hotels produces a wide spectrum
of efficiency opportunities that can provide guidarto managers not only within the
Accommodations sector, but for similar technologigthin other sectors.

Because many of the technologies we address allagnto the function and day-to-day
operation of the hotels, we hope this informatian assist management in understanding the
value of addressing efficiency to reduce monthiltybills and improve the hotel bottom line.
Additionally, we hope this report provides justi#ton for utilities to seek expanded incentives
and improve assistance programs within this sesti@ustomers can realize the significant
savings opportunities outlined here. Lastly, weénopr data prompts regulatory agencies to
continue both research into the water energy nerdsapproval of funding which increases the
integration of utility programs to benefit the bdea commercial sector.

Synergy Project Significance

There are an estimated 8,084 separate electrimityusats for accommodations businesses in

southern California. On average, each account ecnesi270 MWh of electricity every year for
an estimated annual total of 2,184,600 MWh whenrsachover the Accommodations sector.
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Total natural gas consumption for the Accommodatigector in southern California is estimated
to be 69,332,300 therms. Moreover, each accomnwudasiccount is estimated to consume
3,391,430 gallons of water annually (Bureau of Rexdtion, 2009).

While cost effective water, natural gas, and eieityrsavings were found for all three hotels in
our case study, extrapolating estimated savingsooam entire business sector remains a difficult
and uncertain undertaking. Estimated resource gavor our hotels were highly variable:

natural gas savings ranged from 2,400 therms 2B3herms, electricity savings ranged from
10,000 kWh to 16,120 kWh, and water savings ratiiged 305,800 gallons to 1,047,500
gallons. Furthermore, estimated electricity saviingsn SCE’s conventional energy audit ranged
from zero kWh to over 82,000 kwh.

Using the lowest resource savings we encounteraccasservative approximation for the
average direct end-use savings potential for hotedsestimate there is potential to save 19
million therms of natural gas, 2.4 billion gallooswater, and 93 million kWh of electricity
across the 8,084 accommodations accounts in sou@aifornia. These savings represent a
27% decrease in natural gas consumption, 9% decieagater consumption, and 4% decrease
in electricity consumption across the entire Soutigalifornia accommodations sector (Bureau
of Reclamation, 2009).

Recommendations for Further Study

Our report makes an important stride toward findiotual water and energy savings possible in
our case study hotels. This data helps place nstadies of energy and water potential savings,
such as the WEEP report and the Pacific Instit@edr, into context.

However there is much more that can be done inr@oderovide a stronger basis for coordinated
utility policies that capture synergistic savingghe hotel sector. A study employing data
loggers and flow trace analysis to capture exatém@nsumption by end use over a year at
hotels would be invaluable in verifying the assui made in our conceptual model of hotel
water use. This level of specificity, across adargample size of hotels, is also likely needed for
CPUC in order to determine the average energy atdrwsage data at hotels. CPUC could then
proceed to establish rebates for energy and watiemsive uses at hotels such as pool pumps,
pool lights, and ice machines that currently dexist for the commercial sector.

A study with similar methodology but larger samgpiee would help SCE determine average
water and energy uses in hotels in their servigédey. Finding the market saturation of

efficient appliances such as aerators, low-flowstrbieads, ozone laundry treatment, and pool
covers can help more rigorously analyze savingeryiatl across the Southern California region.
This data could provide a strong case for petitigrCPUC to include embedded energy into the
IOUs portfolio of energy efficiency credits for grhouse gas reductions. For water districts
motivated to conserve water, this information ccudtp determine what end uses to focus on for
commercial sector rebates.

Our experience has also shown that coordinatetyutibnagement could provide beneficial
opportunities for businesses, utilities and their@mment. Interaction with the various water,
electricity, and natural gas utilities during tleaicse of this investigation revealed interest m th
connection between energy and water, but alsodaaistitutional resources or capability to
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integrate connections into utility procedures. itiis would also benefit from an in-depth study
of current policy and legal avenues through whigbrdinated utility management can be
pursued and the savings presented in this repbr\aed. Modeling policy changes and expected
savings in a thorough fashion would assist IOUs tin@ke the case to the CPUC and their
shareholders how considering both energy and watehelp their bottom line.

| ntegrated Energy and Water Conservation Strategies

The fact that we found so much combined energyeatdr resource savings potential in our
three case study hotels shows that efficient ytihtnagement in California — the state that has
put more resources into energy and water conservéian any other — still has lots of
opportunity in the arena of energy and water coragiEm.

The good news is the fact that these opporturatieut there means there is still lots of
potential for meeting our energy reduction targetsAB32 and water reduction targets for SBx7
X7. Our analysis has shown that not only is thetential, but that much of it is already
reasonably cost effective for the hotels — oftethout rebates. For synergistic conservation
strategies that offer large combined resource gavt at too high of a cost to the hotel; we
have highlighted the need to develop rebate pati@rder to incentivize hotels to take
advantage of these energy and water reductions.

The bad news is that our case study hotels havalme@dy implemented the energy and water
reduction strategies that are already cost effedtivthem to do so. This indicates that many of
the barriers discussed in Part 1 of this reporhelig lack of awareness and capital, are
preventing businesses from saving water, energyn@mney through the behavioral and
technological changes identified in this reporipé&sally the fact that synergistic reduction
strategies which reduce simultaneous energy anerwae — such as pool covers, efficient
showerheads, and faucet aerators — have no cuetsaites available to our case study hotels is
revealing. Utility agencies, whether they are wadzctricity, or natural gas should be working
together to increase awareness and incentivebdgetstrategies; however instead it appears that
the combined resource savings are being ignoredighreach agencies’ focus on their own
managed resource.

At the utility level, it is apparent energy and eraare still viewed as different resources to be
managed separately. It was our experience workinigpis study that water agencies knew their
energy costs for transport and treatment of watethieir operational budgets, but often did not
readily know the actual amount of electricity aradumal gas used in the districts’ water cycle —
revealing the existing institutional gap in considg embedded energy. As our analysis shows,
the current commercial energy audit performed bytlsern California Edison misses several
large water-related electricity uses, such as comialgool pumps and lights, as well as ice
machines, which offer a large potential for elextyi efficiency gains.

We hope that our analysis of combined resourcengaviighlights the potential that an
coordinated utility management perspective cangaionCalifornia. While it is hard to predict

the future of utility resource management, the weesnvision would contain the regulatory
environment allowing electricity utilities such &suthern California Edison to promote water
conservation in order to receive credit for therggembedded in the water — especially in areas
of Southern California such as Moreno Valley whea@sport accounts for a disproportionately
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large amount of embedded energy. We also enviatural gas and water agencies
collaborating together to make their customers awéthe water end uses which provide direct
energy savings, and offering rebates for these ¥gh#8e “integrated utility management” is a
phrase employed commonly lately at the Califormd gederal government levels, often without
official definition, these examples encapsulate wirawould define coordinated utility
management to be.

While a gas company offering a rebate for a powkcor low-flow showerhead may sound odd
to some readers, or an electricity company prorgaditip irrigation in a place where lots of
energy is used to transport water, the benefiteigbeyond the combined energy and water
savings. It is precisely this societal awarenedb®ttonnections between water and energy that
will yield the large-scale savings necessary taeachCalifornia’s energy and water policy
goals, and mitigate the inclement effects of cliengtange — which represents a much higher
cost to society than the capital, political, angistical price of integrated utility management.
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Appendix A: Synergy Pre-Audit Questionnaire anddanice Documents

Synergy Project

Hotel Pre-Assessment Questionnaire

Hotel Name

Hotel Address

Synergy Project
Bren School of Environmental Science & Managemeft,Santa Barbara

synergy@bren.ucsb.edu
Participants:
Name, Facililty/Property Manager, Hotel
Names, graduate student, Bren

Audit Date

This pre-audit questionnaire is a tool to obtaisibanformation regarding baseline water and
energy use. This background information will asgistassessors in planning and conducting
integrated energy and water audits and should impleted and returned prior to the site visit.
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Dear [participant],

The goal of our project is to assess the poteatiamploying water efficiency measures
in order to save both water and energy. In mangsar@ high amount of energy is needed to both
deliver water and treat wastewater — costs whichbeaavoided through quantifiable water
reduction strategies.

Your participation will allow us to evaluate ydacility’s potential for water
conservation, and the combined energy savingcthatl be achieved with the potential
reductions. During the assessment we will gathtx da water use in several key sectors:

Landscaping & pool use, guest room and hotel fexuse, restaurant use (if applicable), heating
and cooling, and laundry facilities. Most of theéadeve will look for is type of water-using
appliance, and best estimate of use.

Our team greatly appreciates your willingnessadigipate in our study, and at any time
should you have questions please don’t hesitaterttact us atynergy@bren.ucsb.edw
through one of the following phone numbers below.

Jasmine Showers
Randy Turner
Gabriel Sampson
Sarah Nichols

Isaac Pearlman

Thanks again for your participation, and we looknard to working with you directly
during the assessment.

Sincerely,

Synergy Team

2. Facility Manager Interview

Age of building/Year of Construction:
Is this property owned or leased:
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Square footage of facility:

Number of employees:

Hours of Operation:

Full occupancy:

Electricity Utility: Southern California Edison

Water Utility:

Natural Gas Utility:

Sewerage Utility:

1. Do you have water, energy, sewage, and naturahgéering data from the past five
years, or permission to collect information dirgdtbm the utilities?

2. Do you have data on occupancy and other use (ewantsfor the last two years?

3. Does the facility receive water from any other sesr(e.g. surface/ground water
withdrawals)?

4. In regards to your sewage and discharge data,ydagdacility dispose of any
wastewater on site (including treating and reusimgrrigation, or disposal via septic
systems), or use any pre-treatment of water befisposal to sewer?

5. Since this building was first completed have tHezen actual and/or planned
renovations/reconstruction?

6. Does the facility use renewable energy on-site sscsolar, wind power, or fuel cells?

105



7. Has the facility participated in any regional ocddbwater or energy efficiency programs?
If so, which ones and why.

8. Have there been any significant increases or deesda water and/or energy use over
the past two years? If yes, please explain.

9. Does this location experience any significant seabwater and/or energy use trend§?
yes, please explain.

10. Do you know of any particular areas in which wated energy use could be reduced? If
yes, please explain.
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Food Service: List of appliance targets

1. High pressure, low use pre-rinse spray valve [3@%&6vater savings potential]
(Consortium for Energy Efficiency, 2005b)
2.0vens
Range oven
Deck oven
Convection oven
Rack oven
Combination oven/steamer
Cook and hold oven
Conveyor oven
h. Rotisserie
3. Steamers [90% water saving potential, 30%-50% mt#gtpotential] (Consortium for
Energy Efficiency, 2005b)
a. Pressureless steamer
i. Gas
ii. Electric
iii. Direct steam
b. Pressure steamer
i. Gas
ii. Electric
iii. Direct steam
4. Water heater at proper temperature? (120R%0
5. Ice machine [20%-40% water saving potential, 15%s30ectricity] (Consortium for
Energy Efficiency, 2005b)
a. Flake ice
b. Air cooled
c. Water cooled
d. Timer to shift ice production to nighttime off peh&urs
6. Dishwashers [30%-50% water saving potential, 30%& &0ectricity] (Consortium for
Energy Efficiency, 2005b)
Fill and dump
Under the counter
Turn off internal tank heater at night.
Check rinse pressure (around 20psi).
Maintain wash curtains.
Conveyors in auto mode.
7. Insulation around hot water system?
a. Water heater
b. Hot water piping
8. Automatic flue damper above burners (blocks heahfescaping up flue)?
9. Recirculation pumps on hot water system? Deactiaateght

@rpooop

~Poo oW
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Spray valve present?

Low water use or high water use?

Oven type, brand, model 1:

Oven type, brand, model 2:

Oven type, brand, model 3:

Steamer. Pressurized or Pressurelessle one)

Gas, electric, or direct stegfmircle one)

Water heater temperature?

Ice machine type?

Flake ice: Yes No

Air cooled or water cooletircle one)

Dishwasher brand and model:

Turn of tank heater at night: Yes No

Rinse pressure (psi)?

Wash curtains maintained? Appearance?

Conveyors in automatic mode?

Automatic flue damper above burners?

Hot water systems
Recirculation pumps on hot water system? Yes No
Deactivated at night? Yes  No
Water heater insulated? Yes No

Hot water piping insulated? Yes No
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Domestic Fixtures

Appliance Rated Tested Total # in |Use per
Checklist | ~®@ | gpw/F | cpwp | TYPe/Model | oty | day
Toilets
Urinals
Faucets
Average:
Other water f'a\ppllances in Type Model/Series # Totall'# in {Use per
guest rooms: facility day

Notes:
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Laundry Service Guidance Document

Is all laundry done on site? If not, where and lofien?
Number of clothes washers in facility?
Year of Installation?

Make/Model (s)

Typical usage:

Is there a log of cycles completed by day?
Minimum cycles on slow day?

Maximum cycles on busy day?

Timing of washes?

Adjustments made:

Minimum load size?
Wash mode; Tank fill level; Speed settings; Wakemperature?

Guest Laundry:

Make/Model?
Estimated Cycles per day?
Other information:

Other Water Appliances: Model/Series, Total Uriise per day

Steam Service:
Faucets:

Notes:
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Page

Landscape Audit Protocol- Controller Date: of
Controller Make: Hotel:
Controller Model: Notekeeper:

Current Time:

Controller Time:

Dayson(circle) M T W Th F
Sa Su

Multiple start times?

Controller mode when opened:

Controller left in sammode?

Set to water budget feature?

If water budget, whtlite % setting?

Minutes | Start
Zone | On Time(s) | Zone Description | lIrrigation Type 1 | Notes
Hotel: Date: Page  of
Notekeeper: Dedicated Landscape Meter?
Meter Make/Model__ Size? Unit of Measure?
Is meter spinning on arrival? (if yes, lemkeed to turn something off)
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Second Elapsed
Irrigation | Initial meter Time Estimated Water
Zone meter read | read (min.) | Use (CF/Min) Notes
Notes:
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Pool Assessment:

Note both pool and spa (hot tub) heater efficielWJ)/hr

What are the dimensions of your pools and hot (uia$uding average depth)?
Pool:

Hot tub:

What temperature do you keep the pool? The hot tub?

Pool:

Hot tub:

What are the hours of operation of your pool anttiio?

Pool:

Hot tub:

Are there times of the year when you leave the p@!If yes, when and for how long?
Do you have a pool cover? If so, how often is éd’

How often is your pool emptied and refilled?

How often is your hot tub emptied and refilled?

What is the intake flow rate of your pool and spaps?

Pool:

Hot tub:

What is the size (horsepower) of your spa pump?

Do your pool and hot tub pumps have timers, orhgy just constantly run during the pool/spa
hours of operation?

Pool:
Hot tub:

How many lights are there in the pool and spa,valnat is their wattage and run time?
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Appendix B: Food Service

Previous studies have identified priority retrééitgets and management practices for reducing
either energy or water consumption in commerciatifeervice establishments and served as
important references for this project (San FramcBepartment of Public Health, 2009);
(Efficiency Partnership, 2006); (Karas et al., 20@Blorth Carolina Division of Pollution
Prevention and Environmental Assistance, 2009) okdohotel audits, eight appliance targets
and behavioral aspects should be considered whatirgua full service kitchen:

Pre-rinse spray valves;

Steamers;

Water heaters;

Ice machines;

Dish washers;

Hot water system insulation;

Automatic flue dampers above burners;

Recirculation pumps on the hot water system
To corroborate the scope of our inspection, pesearch by the Consortium for Energy
Efficiency (2005), summarized in Table 34, has ede@ the following water and electricity
savings potential when upgrading outdated conveatiappliances:

Table 34 Potential water and electricity savings foselected food service fixtures

Appliance Water Saving Potential| Electricity Saving Potential
Pre-rinse spray valves 30%-60% N/A
Steamers 90% 30%-50%
Ice Machines 20%-40% 15%-50%
Dish Washers 30%-50% 30%-50%

Source (Consortium for Energy Efficiency, 2005b)

Qualitative inspections should record water hetatigperature, hot water system insulation and
recirculation pumps, appliance maintenance, anohaatic flue dampers. For fully functional
kitchens, it should be determined whether the waater is being kept at the proper
temperature (commonly 120-140 degrees Fahrenti@t)hot water piping is effectively
insulated, that recirculation pumps are deactivdigithg non-business hours, and that automatic
flue dampers are in proper working condition. ldi&idn, basic appliance characteristics are
helpful in determining operating efficiency and shtbbe taken into consideration. For instance,
when inspecting dishwashers, inspectors shouldkclvbether the tank heater is turned off
during non-business hours, rinse pressure seti@pgearance of the wash curtains, and whether
the conveyors are in manufacturer recommendechgstti

Pre-rinse spray valves, steamers, ice machinegjiahdvashers should undergo quantitative
inspection to determine water and electricity sgyotential. In the case of pre-rinse spray
valves, if make and model data are not appareen, Water flow should be calculated by holding
a container or graduated water flow measurementhédgr the spray nozzle for five seconds
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and measuring the quantity of water in the contaikeltiplying by 20 would then provide

water flow in gallons/minute. If appliance make anddel data were available, then one should
compute electricity and water use savings by comgananufacturer provided data on water
and electricity consumption per use to a targeficient upgradé@ Extrapolation out to annual
water, natural gas, and electricity consumptionveen the conventional and efficient appliance
would reveal any savings potential and the assetipayback period from upgrades.

Data Analysis

The analysis for food services was both qualitagind quantitative. Qualitative aspects focused
on management practices and did not attempt ta@ptumerical savings to water, natural gas,
or electricity. For instance, maintaining soundaiiation on the hot water piping and tank
system prevents energy loss that takes place thrioegt transfer. Similarly, deactivating the
recirculation pumps on the hot water system attrogliuring non-business hours can save
electricity or natural gas costs. Additionally, peey the dishwashers in the automatic conveyor
mode recommended by the manufacturer optimizesiresase for each wash cycle.

Qualitative analyses also focused on pre-rinseysgpakves. The main objective was to ascertain
whether hotel kitchen services were employing e af water efficient sprayers. Yet, the only
pre-rinse spray valve encountered during our inspeevas at the Moreno Valley hotel. Flow
rate calculation revealed the spray valve to opeail.6 gpm, which is within the bounds of
conventional high efficiency sprayers (North CaralDivision of Pollution Prevention and
Environmental Assistance, 2009).

Quantitative analyses were designed such that ncahapproximations of water, electricity,

and natural gas use could be assigned to eaclargl®od service end use. Specifically,
guantitative analyses were conducted on food seree machines and dish washers.
Calculations for ice machines first require mantuesr information on the gallons of water used
per 100 pounds of ice production, electricity uped 100 pounds of ice generation, and ice
harvest rate in 100’s of pounds per day. From thresgumptions on average use and operational
capacity must be made to approximate monthly ouahmesource use. Our analysis assumed ice
machines operated at 75% of capacity annually enage (Pacific Gas and Electric Company,
2006). Annual ice machine water consumption (imogel) was computed using:

0.75% Harvest ratex(gallond100bs) x daysx units,

whereharvest_ratds the daily maximum production of ice in 100gpoiindsdaysis the

number of days used per year, amisis the number of units of the chosen model at the
facility. Annual ice machine electricity consumptias found by multiplying the manufacturer
provided kWh specification by the harvest rate smehming over 365 days of use:

0.75%x Harvest ratex (kWh100bs) x days

® We differentiate between manufacturer provided datafor domestic fixtures and food service appliance
here. During our audit, it was possible to directlymeasure domestic fixture water consumption per usé-or
food service appliances, direct measurements weretfeasible, so reliance on manufacturer data wassed.
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Water, electricity, and natural gas use were datexdhfor dishwashers in a method very similar
to the one used for ice machines,

(gallond rack/ unit) x (cyclegday) x racksx (usd weekx52,

whereracksrepresent the number of racks in the washewuaefiveeks the number of uses per
week averaged over the year. Annual dishwashetrieieg consumption was found by
multiplying the kW rating of the machine by theiestted number of operating hours per year:

idlex (wash_time/60) x racksx (days_used yean,

whereidle represents the electricity consumption when thehin@ doors are closed and
wash_timaepresents the minutes required to wash one Tdekidle function was provided by
the manufacturer for the machines studies in oalyars. Annual dishwasher natural gas
consumption was computed using the following fuorcti

therms<(gallons_hot_water/usg x racksx (use weel x52,

wherethermsis the natural gas required to heat one gallomatér to washing temperatuid/(
from 55 degrees Fahrenheit,

[834Btux (W°F -55°F)]
10Q000Btu/therm

Results: Goleta Hotel

Table 35 summarizes the estimated annual wateelagctticity consumption of the existing ice
machines at the Goleta hotel. Table 36 summarigewater, electricity, and natural gas
consumption of the existing dish washer. The Gdietal's currently installed ice machines and
dish washer already surpass efficiency standardadags from retrofits are not available.

Table 35 Estimated annual water and electricity cosumption for currently installed ice machines compeed
to CEE Tier lll retrofit ice machines at the Goleta hotel.

Estimated Water Total Estimated Electricity
Consumption/Year (gallons) | Consumption/Year (kWh) *
Ice Machine Model | Quantity * Quantity Quantity
Scotsman 1030SA-32A 1 42,311 11,498
Manitowoc SD0322A 3 36,956 14,167
Total Current Use 4 79,267 25,664
CEE Tier lll Retrofit Use 4 87,053 25,894
Savings - -7,785 -230
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Table 36 Estimated annual water, natural gas, andlectricity consumption for currently installed dish

washers compared to Energy Star retrofit dish washws at the Goleta hotel.

Total Estimated Total Estimated
Estimated Water Electricity Gas
Consumption/Year | Consumption/Year | Consumption/Year
Dish Washer Model | Quantity (gallons) (kWh) (therms)
Hobart Lxi 1 17,123 278 136
Energy Star Retrofit Use 1 37,128 273 294
Savings - -20,005 5 -159

Santa Barbara Hotel

Table 37 summarizes the estimated annual wateelaatticity consumption of the Santa
Barbara hotel’s currently installed ice machinesvall as estimated retrofit savings. While ice

machine retrofits are estimated to save both watdrelectricity, the initial investment is too
costly to provide a feasible payback.

Table 37 Estimated annual water and electricity cosumption for currently installed ice machines compeed
to CEE Tier lll retrofit ice machines at the SantaBarbara hotel.

Estimated Water Total Estimated Electricity
Consumption/Year (gallons) | Consumption/Year (kWh) *
Ice Machine Model | Quantity * Quantity Quantity
Hoshizaki KM-630MAE 2 67,069 15,587
CEE Tier lll Retrofit Use 2 53,655 14,487
Savings - 13,414 1,100

Moreno Valley Hotel

Tables 38 and 39 summarize the estimated annuainasuse for ice machines and dish washer

at the Moreno Valley hotel, respectively. Both machine and dish washer retrofits were

estimated to save water and energy. However, thalicosts of upgrades were prohibitively
high. Refer to Appendix H for a more detailed dgsmon.

Table 38 Estimated annual water and electricity cosumption for currently installed ice machines compeed
to CEE Tier lll retrofit ice machines at the Moreno Valley hotel.

Estimated Water Total Estimated Electricity
Consumption/Year (gallons) | Consumption/Year (kWh) *
Ice Machine Model | Quantity * Quantity Quantity
Manitowoc QD0322A 2 33,124 9,516
CEE Tier lll Retrofit Use 2 24,090 8,569
Savings - 9,034 947
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Table 39 Estimated annual water, natural gas, andlectricity consumption for currently installed dish
washers compared to Energy Star retrofit ice machies.

Total Estimated Total Estimated
Estimated Water Electricity Gas
Consumption/Year | Consumption/Year | Consumption/Year
Dish Washer Model | Quantity (gallons) (kWh) (therms)
CMA B2 1 24,752 672 175
Energy Star Retrofit Use 1 13,832 365 98
Savings - 10,920 307 77
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Appendix C: Pools & Spas

Typically, the largest water use from pools andtbbs is water loss due to evaporation, “splash
out” from users, backwashing in the filter, anckkeéEast Bay Municipal District, 2008). This
decrease in water level is offset by periodic liefyl in order to maintain topped out pools and

hot tubs, and can possibly be as much as 30 tod@f@$ of the pool’s surface area per year (East
Bay Municipal District, 2008). Reducing this watess offers hotels significant savings
opportunities — between 33 and 50 percent in “mgKewater use according to Senevirante
2007, as cited in (Bureau of Reclamation, 2009nhtfaling evaporative loss also provides the
combined benefit of reducing energy use by as nasch0 percent for heating pools and hot
tubs. Pool and spa circulation pumps and lightsradfectricity-saving opportunities as well.

At each case study hotel, we recorded pool anghspgp and heater brands, make and model
numbers, pump wattage and amperage, and heatehBfdtihg. Interviews with hotel staff
provided operational information for the pools @pas such as daily and seasonal running
periods, refill rate, and physical characterisiosh as pool and spa dimensions (see Appendix A
for pool and spa auditing form).

Data Analysis Methods

Measuring actual water loss in order to assesabsayings at our case study hotels is difficult,
since estimates of evaporative water loss rate B@mmming pools vary. The Association of

Pool and Spa Professionals claim that evaporatis® late from pools can be as much as 5 to 10
inches per month during the dry California sumni&gst Bay Municipal District, 2008). The
Marin Municipal Water District states that a 648 &g foot pool will lose one inch of water per
week in the summer (Marin Municipal Water Distri2610). According to the East Bay
Municipal District, a long front-runner in urban teaconservation, a pool can lose from 30-80
inches of water annually, or 18.7 to 50 gallonsgugrare foot of pool surface area. According to
the pool contractor responsible for refilling theofs at the Goleta case study hotel, the pool is
refilled one inch per week.

In order to compare the validity of these estim&be®ur case study hotels, calculations of water
loss from a single hypothetical pool in Santa Bealveas made using all of the above
evaporative loss rates and then compared to atte@asurements of evaporation in the region
(See Tables 40 and 41).
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Table 40: Comparison of Pool Evaporative Loss Methis

Minimum Maximum
Santa Surface Annual Annual Evaporative loss
Barbara Area Water Water Source
rate
Hotel (sq. ft) volume lost volume lost
(gallons) (gallons)
1 inch per week at
36,281.4 648 sq foot pool in| Marin Municipal Water District
summer*
41,329.9 1 inch per week Hotel Pool Contractor
22.254.5 44.,500.1 5-10 i_nches per* Association of _Pool and Spa
Pool 1275 month in summer Professionals
30-80 inches
annually, or 18.7 tq
23,842.5 63,750.0 50 gallons per East Bay Municipal District
square foot of
surface area per
year

*Winter evaporative loss rate is assumed to be 1f8e summer loss rate.

Since evaporation varies through the year and rkeddy higher in the hot, dry summer months;
our analysis relies upon measured monthly evapspieation data from the California
Department of Water Resources, which were therageer over three years for our analysis
(Table 41).

Table 41: Actual Evapotranspiration Measurements

Month Santa Barbara/ Go!eta UC Riverside 2007—
2007-2009 Average (inches) 2009 Average (inches)
Jan 2.15 2.76
Feb 2.25 2.54
Mar 3.98 4.98
Apr 4.87 5.55
May 4.88 6.36
Jun 5.25 6.71
Jul 5.69 7.57
Aug 4.44 7.00
Sep 3.82 5.71
Oct 3.92 4.59
Nov 2.44 3.04
Dec 1.83 2.07
Total 45.50 58.88

Source:(California Department of Water Resources, 2009)

Knowing the monthly evaporation average and thd'psarface area allows us to calculate the
average monthly water loss from the pools and dpado evaporation:

Pool_Evaporatie_Water_Loss= Pool_Surface Areax Evaporatio_ Rate

This equation yields loss in square feet-inchesclwbubsequently can be converted into acre-
feet and then gallons using the conversion 1 scfeateequals 2.296*I0acres and 1 acre-foot
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equals 325,851.43 gallons. See Tables 42 and 4i&lédv for hotel pool and spa square footage
and monthly evaporative water loss.

Table 42: Hotel Pool and Spa Surface Areas

Hotel Type | Surface Area (sq. ft)
West Pool 634
East Pool 704

Santa Barbarg

West Spa 70
East Spa 110
Spa 78.5
Moreno Valley
Pool 799.5
Pool 375
Goleta Spa 30

This equation can be used to find the total anauaporative water loss from pools and spas at
each hotel over the year, as shown in below.

Table 43: Annual water loss from Santa Barbara Hotepools and spas

Evalg:rtitlon Santa Barbara Hotel Pool and Spa Water Use (gallois
Santa Total
Barbara 2007 | West East Pool West East Spa Pools &
Month — 2009 Pool Loss Spa Spa Refill Spas
Average Loss Loss Loss Water Water
(inches) Use
Jan 2.15 848 942 94 147 - 2,031
Feb 2.25 887 985 98 154 540 2,664
Mar 3.98 1,572 1,747 174 273 - 3,765
Apr 4.87 1,923 2,137 212 334 540 5,146
May 4.88 1,926 2,140 213 334 - 4,614
Jun 5.25 2,073 2,303 229 360 540 5,50%
Jul 5.69 2,249 2,499 248 390 - 5,386
Aug 4.44 1,753 1,948 194 304 540 4,739
Sep 3.82 1,509 1,677 167 262 - 3,615
Oct 3.92 1,548 1,720 171 269 540 4,247
Nov 2.44 963 1,070 106 167 - 2,307
Dec 1.83 721 801 80 125 540 2,267
Total 45.50 17,971 19,968 1,98 3,12 3,249 46,285
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Table 44: Annual water loss from Goleta Hotel pooand spa

Evaporation Rate Goleta Hotel Pool & Spa Water Uségallons)
2007 - 2009 Goleta Pool Spa SpaRefill | Total Pools &
Month . Evaporative Evaporative
Average (inches) Water Spas Water Use
Loss Loss
Jan 2.15 502 40 1,106 1,647
Feb 2.25 525 41 1,106 1,672
Mar 3.98 930 73 1,106 2,110
Apr 4.87 1,138 90 1,106 2,334
May 4.88 1,140 90 1,106 2,336
Jun 5.25 1,227 97 1,106 2,430
Jul 5.69 1,331 105 1,106 2,542
Aug 4.44 1,038 82 1,106 2,225
Sep 3.82 893 70 1,106 2,070
Oct 3.92 916 72 1,106 2,094
Nov 2.44 570 45 1,106 1,721
Dec 1.83 427 34 1,106 1,566
Total 45.50 10,636 839 13,272 24,747
Table 45: Annual water loss from Moreno Valley hotépool and spa
Evaporation Rate Moreno Valley hotel Pool & Spa Weer Use (gallons)
UC Riverside 2007-2009 Pool Evaporative | Spa Evaporative Total Pools & Spas
Month . .
Average (inches) Loss Loss Evaporative Loss
Jan 2.76 1,377 135 1,512
Feb 2.54 1,268 124 1,392
Mar 4.98 2,482 244 2,726
Apr 5.55 2,768 272 3,039
May 6.36 3,168 311 3,479
Jun 6.71 3,343 328 3,671
Jul 7.57 3,771 370 4,141
Aug 7.00 3,489 343 3,831
Sep 5.71 2,844 279 3,123
Oct 4.59 2,286 224 2,510
Nov 3.04 1,517 149 1,666
Dec 2.07 1,032 101 1,133
Total 58.88 29,344 2,881 32,225

Note that in addition to water required to replagaporative water loss, the Santa Barbara and
Goleta hotel spas are periodically drained andledfi- once every other month for both the
Santa Barbara Hotel spas, and twice a month foGtileta Hotel spa. According the Moreno
Valley Hotel facility manager, their spa is notidexd and refilled.

122



While hot tubs will most likely have higher evapiooa loss due to their warmer temperature,
our calculations assume the same evaporation sgieas. Given the small surface areas of the
hot tubs, the difference is negligible in the olgraol loss analysis. It should also be noted that
“splash out”, or loss of water due to water spilted of the pool during recreation, apparently
hasn’t been quantified or estimated in a study striikely due to its highly variable nature and
dependence on human behavior regarding pool useev#y, several institutions consider the
water loss due to splash out to be significanthges as large as evaporation loss (East Bay
Municipal District, 2008); (Alliance for Water Effiency, 2010). In addition, backwashing the
filter to clean it is a significant water use adlw®ince our analysis does not factor water loss
due to splash out, our calculation of water lossifppools and hot tubs is considered to be very
conservative: most likely actual pool and hot tudter losses at our case study hotels will be
greater than our calculated figures.

Calculating Pool and Spa Energy Use

In addition to needing water to replace that wheclost due to refilling, evaporation and splash
out; the pools and hot tubs at our case study $iateb require electricity to run their circulation
pumps and lights, and natural gas to heat the water

We can use the following equation to calculateeleetricity use of pool and spa pumps:

Pump_horsepowex 0.74&kW/ horsepowex run_time= kWh_electriciy

The hours of operation for the pump are usuallgaheined by a programmed timer, which pool
managers set to the desired run times. Pool angdwspa run times at our case study hotels
varied from 12 hours at the Goleta hotel to 16 Andhours at the Santa Barbara hotel and
Moreno Valley hotel respectively.

Note that hot tubs sometimes have multiple pumpse-to drive the circulation, and the others
to run the massaging jets. This was the case ahbtals, and we assumed their jet pump only
ran on average 1 hour a day during the year.

Pool and spa lights are another source of eletgtise, and are set to run on a similar timer as
the pumps during the night operational hours ofpibel. These hours ranged from 4 hours at the
Moreno Valley and Santa Barbara hotels to 12 hautise Goleta hotel, for 365 days during the
year.

The electricity used by these lights is a simplection of the light wattage multiplied by the run
time of the lights:

Light_wattage<run_time/1000= kWh_electriciy

See Table 46 below for total annual pool and seet®tity use:
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Table 46 Annual Pool & Spa Electricity Use at Sant®arbara Hotel

Santa Barbara Hotel Pool & Spa Electricity Use (kWh
Total Pools
East Pools/Spas| & Spas
West Pool Pool West Spa| East Spg Lights Electricity
Use (kWh)
6,535 3,267 4,858 4,858 584 20,102
Table 47 Annual Pool & Spa Electricity Use at Morep Valley Hotel
Moreno Valley Pool & Spa Electricity Use (KWh)
Total Pools
Pool & & Spas
Pool Spa Spa Lights| Electricity
Use (kWh)
12,035 9,258 1,898 23,191

Table 48 Annual Pool & Spa Electricity Use at Golet Hotel

Goleta Hotel Pool & Spa Electricity Use (kWh)
Pool & T%'EaéPools
Pool Pump| Spa Pumps Spa pas
Lights Electricity
Use (kWh)
8,495 5,990 3,942 18,428

The pools and hot tubs at our case study hotelpatseal gas for heating. Most pool and spa
heaters are set to a desired temperature and ybhnan and off in order to maintain the
programmed temperature. Finding the natural gad tesheat the pools and hot tubs requires
calculating the complex interaction between théahpool temperature, the desired temperature
increase, combustion rate of the heater, heafilossevaporation, the ambient temperature of
the air, wind speed, and the pool’s volume.

Our analysis took all these variables into accdwyntalculating the natural gas needed to heat up
the pool or spa to its programmed temperature wtherfirst turned on, as well as the natural
gas required to replace the heat lost from the vgatdace area.

The pool and spa heating related natural gas ysends upon the initial temperature, which was
assumed to be equal to the average monthly tenyperatt the area, the final programmed pool
or spa temperature (obtained from hotel staff) vbtleme in gallons of the pool or spa (width,
length, and depth were provided by staff or meabdwging our audit and then converted from
cubic feet to gallons), and the energy neededise thgallon of water 1 degree Fahrenheit (or
8.34 BTUs per gallon):

water_volumex( final _temp-initial _temp x 834=BTUs_Energy

Calculating the natural gas needed to replaceghelbss from the pool or spa surface — or in the
case of the hot summer months, the heat gain fr@nhigher temperature ambient air transfer to
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the pool — is a function of the temperature diffieses water surface area, hours of operation, and
a “surface heat loss factor” capturing wind effect:

surface areax(final _temp-initial _temp xoperating timexloss_factor= BTUs Energy
While the surface heat loss factor multiplier varepending upon shelter and average wind
speed, our analysis assumes the low end of thédoss range for a sheltered pool with an
average wind velocity of 2-5 miles per hour (Engimeg Toolbox, 2005).

These two energy values were then summed for thkheating output required for each pool
and spa. However since all heaters waste a cqrgagentage of heat due to inefficiency (relating
to their rated efficiency), this sum was multipliegthe percent inefficiency of the heater in
order to calculate the total heat input neededleT4® and 50 below show the calculated natural
gas use for heating for the Goleta hotel pool (Whsécheated to 80 degrees) and the annual
natural gas use for our case study pools and spas:

Table 49 Monthly Pool & Spa Natural Gas Use at Gota hotel

Goleta Hotel Pool Natural Gas Use (79% efficient leger)
Pool
Dail Pool Dail Monthl Total BTUs
Aver_age Start)llJp Monthly Pool Surface Surfa)::e Pool g Total BTU Input
Month Ambient Heat Start Up Heat Heat Heat Surface Output Including
Temp Load Needed
&) Load (BTUS) Loss Loss Heat Loss Needed Waste Heat

Needed (BTU/hr) | (BTUS) (BTUs) Loss

(BTUs)
Jan 53 2,842,532  88,118,49( 40,500 486,000 15,066,0103,184,490 124,853,233
Feb 55 2,631,974 73,695,273 37,500 450,000 12,600,086,295,273| 104,417,280
Mar 57 2,421,416 75,063,899 34,500 414,000 12,8®4)0 87,897,899| 106,356,458
Apr 59 2,210,858 66,325,745 31,500 378,000 11,3M0D/0 77,665,745| 93,975,552
May 61 2,000,300 62,009,308 28,500 342,000 10,802/0 72,611,308| 87,859,683
Jun 64 1,684,463 50,533,901 24,000 288,000 8,680,0059,173,901| 71,600,421
Jul 67 1,368,626 42,427,421 19,500 234,000 7,284,0049,681,421| 60,114,52(
Aug 69 1,158,069 35,900,126 16,500 198,000 6,188,0042,038,126| 50,866,132
Sep 67 1,368,626 41,058,795 19,500 234,000 7,020,0048,078,795| 58,175,342
Oct 64 1,684,463 52,218,365 24,000 288,000 8,9P$8,0061,146,365| 73,987,101
Nov 58 2,316,137 69,484,114 33,000 396,q00 11,880/0 81,364,114 98,450,578
Dec 53 2,842,532 88,118,490 40,500 486,000 15,066,0103,184,49Q 124,853,2313

Average Temperature Source(“National and Local Weather Forecast, Hurricanad& and Report,” 2010)
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Table 50 Annual Pool & Spa Electricit

Use at Cas8tudy Hotels

Current

TP | pvea(aa. 1 | (Farenneit Natra
g. ft) | (Fahrenheit) Gas Use

(therms)
West Pool 634 80°F 20,430
Santa East Pool 704 80°F 7,750
Barbara | West Spa 70 103°F 1,104
East Spa 110 103°F 1,735
TOTAL: 31,019
Moreno Spa 78.5 104°F 3,296

Valley Pool 799.5 65°F 0
TOTAL: 3,296
Goleta Pool 375 80°F 10,555
Spa 30 104°F 1,156

TOTAL: 11,711

Note that the Santa Barbara hotel east pool heagrds is significantly lower due to the fact
that the staff shuts off the pool in the wintergdahe Moreno Valley hotel pool is not heated at

all during the year. 100,000 BTUs equals 1 thermattiral gas.

Table 51 summarizes the total water, natural gas eectricity used by our case study pools and

spas:
Table 51 Annual Pool & Spa Energy and Water Use
Current Current Current
Surface Annual AnnL_Ja_ll Annual
Type Area (sq. Electricity | Natural
Water Use
ft) (gallons) Use Gas Use
9 (kwh) | (therms)
West Pool 634 1,985 6,535 20,430
Bi?tr)];?a East Pool 704 3,120 3,267 7,750
Hotel West Spa 70 1,985 545 1,104
East Spa 110 3,120 545 1,735
TOTAL: 10,211 19,518 31,019
Moreno Spa 78.5 2,881 9,258 3,296
Valley Pool 799.5 29,344 12,035 0
Hotel ' ' '
TOTAL: 32,225 21,293 3,296
Goleta Pool 375 10,636 8,495 10,555
Hotel Spa 30 14,111 5,990 1,156
TOTAL: 24,747 14,485 11,711
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Pool and Spa Energy and Water Savings

Pools and spas are significant users of watertraligg, and natural gas and therefore have a
high potential for combined resource savings. Hewvewhile a wealth of information exists on
how to save large amounts of energy and water afspthe large majority of the information is
targeted towards residential pool owners. While Imaicthe information is applicable to hotels,
it appears as if there is no specific rebate armation portal existing for the commercial sector
to promote pool and spa energy and water saviragstn drastically reduce utility bills. The
only rebate found for Southern California Edisors\200 off for installation of a variable
speed pump — however it is only applicable fordestial customers (Southern California
Edison, 2010d).

Our savings analysis focused on 6 overall individtiategies for increasing pool and spa
efficiency — all of which either reduce electricitge by the pump and lights, lower natural gas
use for heating, or minimize water loss.

Being that actual energy and water savings willeshejoupon variable factors such as climate (for
solar pool heating system output), frequency ofl patvity (for pool cover use); it must be
emphasized that several of these predicted en@adywater savings are relative estimates.
Where possible, more exact savings were calculsed) current pool and spa equipment
specifications and use, however by nature actwahga will depend upon other factors outside
of this analysis. Some calculations rely upon ayesavings reported in other sources. However
in these instances the lowest end of the savinmggeres used in order to maintain conservatism
in reporting total resource savings.

Reducing Pool Electricity Use

One of the easiest ways to save pool and spa enesfy is to efficiently operate the existing
pumps. According to the DOE, most pool pumps oparaich longer than necessary. A study of
120 pools in Florida found that pool owners cowdduce their electricity costs by an average of
40 percent when they reduced the filtration timai{ed States Department of Energy, 2009d).

Knowing the volume of the pool, the pump’s horsepgvand the operation time we can find the
turns per day using a specialized calculator. Talsulator also provides the operation hours
required to cycle the pool’s volume once per dayhich is recommended by the Association of
Pool and Spa Professionals (Pentair Water PooSaiag 2008). In every case the recommended
run time was less than the hotel pools’ currenttines, and in several cases significantly less.
The new recommended run time was then used inqiatien listed above to calculate pump
electricity use and the electricity savings equalteddifference between the two values.

Variable speed pumps, which usually double the pumping time but cycles the pool water
much more slowly (akin to a car driving slower mdler to use less gasoline), can decrease the
electricity cost from 30 to 50 percent (SouthertifGania Edison, 2010d; Pentair Water Pool
and Spa, 2008). In order to determine potentiahggy we conservatively assumed electricity
savings of 30 percent reducing in pump electriggg.

Pool and spa lights at our case study hotels rabhgideen 50 and 500 watts. Replacing the
higher wattage lights with lower energy haloge.&D pool lights can reduce light electricity
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use without compromising brightness. To calculbgdlectricity savings from switching to LED
pool lights, our analysis used the same calculatged to find current light electricity usage (see
previous) with the 70 watts used by a leading h&dD model (Pentair Water Pool and Spa,
2010).

Reducing Pool Heating Energy

Purchasing a more efficient pool heater can rethe@atural gas needed to heat the pool. Pool
and spa heaters have a certain efficiency ratangs$the Energy Policy and Conservation Act of
1990 requires that all new heaters have at le@8t@ercent efficiency rating (United States
Department of Energy, Lawrence Berkeley Nationdddratory, 2009). This means that for
every 100 therms put into the heater, 78 of thbeents are actually used to heat the pool; while
the rest are lost due to inefficiency. Heaters yaghdst with up to a 95 percent efficiency rating
— offering significant energy savings and reducedl and spa heating costs (United States
Department of Energy, 2009b). Calculating the ratgas reduction from installation of a more
efficient heater is relatively straight-forward. édming the current heater efficiency, we simply
multiplied the current natural gas use by the &fficy gain. For example, upgrading a 79
percent efficient pool heater to a 95 percent igffitheater would result in a 16 percent savings
in natural gas use.

Solar pool heating systems can provide betweera@dQL000 BTUs of energy per square foot
per day; depending upon local conditions. In gdneols require an array of solar panels
equivalent to their pool’s surface area to coveirtheating needs (United States Department of
Energy, 2009c). But in the case of a hotel, itnBkely that the facility will solely rely upon a
solar heating system due to their need to prowdmming recreation at night. However a solar
heating system can still provide large reductionsatural gas needed to heat pools and spas.
Precisely determining the energy savings from Ilistaa solar pool heating systems is difficult
as it will vary by system, location, and operatibnorder to determine heating energy savings
we therefore took the average energy output aceet by the DOE, and then assumed that
energy output would replace heat energy from bgrnetural gas to warm the pool. We
assumed the hotel would purchase a solar systeal &xgtine surface area of the pool, as
recommended by experts.

Reducing Pool Water Use and Heating Energy

By far the best efficiency gain comes from usirgpal and spa cover. Covers not only reduce
the water loss due to evaporation, but also thelbes from the surface of the pool. Effective
use of a pool cover can reduce evaporative los0kp 50 percent; and heat energy loss by 50
to 70 percent (United States Department of Ene2§§9a). Accurately calculating the savings
would require knowing frequency of cover use, whiabuld depend of course on maintenance
staff protocols, occupancy, and other variablesnSead our analysis simply assumes average
water and energy savings cited by the DOE: 30 peioevater and 50 percent in energy. Again,
in the interest of conservatism, we used the lagtimate of savings potential when calculating
both water and energy saved from use of pool covers

Table 52 shows all possible water and energy sawaegoss all hotels from all pool and spa

retrofits (values based on annual use reportecibi€l51 above). Note that some efficiency
efforts preclude others — for instance it would matke sense to reduce pumping time and then
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install a variable speed pump. Therefore savingaatabe summed across all strategies.
However, some conservation strategies complemeht@her: for instance use of pool cover
combined with reduced pumping time; and either aenedficient heater or solar heating system
could greatly reduced water evaporative loss, palagtricity use, and natural gas heating
requirements. See Part 3 for the specific recomeenetrofits and savings from our case study
hotels reducing their pool and spa water and enesgy Also, see Appendix G for a detailed
methodology of calculating the costs associatet imipplementing these retrofits.

Table 52 Case Study Pool & Spa Energy and Water Sangs Potential
Efficient
Pump Variable 95% Solar LED pool
Pool Cover Operation Speed | efficient Heater & spa
(reduced Pump heater lights
time)
Annual Annual Annual Annual Annual | - Annual Annual
Surface Natural O o Natural [ Natural e
Area (Sq. SWa_ter Gas Elect_rlcny Elect_r|C|ty Gas Gas Elect_rlcny
f) avings Savings Savings Savings Savings| Savings Savings
(Gallons) (therms) (kwh) (kWh) (therms)| (therms) (kwh)
West Pool 634 5,391 10,21 2,573 2,026 3,473 1,619 117
Bi?Q;?a East Pool 704 5990| 3,875 1,675 1,046 1318 1,799 5 1
Hotel West Spa 70 974 552 2,210 185 155 - 0
East Spa 110 1,530 867 2,210 185 243 - 0
TOTALS | 13,885 15,509 8,669 3,443 5,18 3,418 13
Moreno Spa 78.5 864 1,648 6,317 - 363 - 336
\l/_fglti{ Pool 799.5 8,803 0 8,212 2,909 0 2,043 1,256
TOTALS 9,667 1,648 14,529 2,909 363 2,04 1,59
Goleta Pool 375 3,191 5,278 7,009 3,337 1,689 958 2,015
Hotel Spa 30 4,233 578 4,448 - 185 - 1,007
TOTALS 7,424 5,856 11,457 3,337 1,87 95 3,02
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Appendix D: Laundry

Determining Cycle Frequency
It is assumed that the occupancy of the hotel h@ssaive linear relationship with how freque
the washingnachines cycle throughout the day. The occuparteg r@ere presented as
average percentage of rooms sold by month, oMerst the past two years. Using the mon
data we were given, we averaged the percentagesaébrmonth to estimate the mdy
occupawy over a typical year (Table ). For simplicity, it was assumed that each dathe
month had the same average monthly occupancy

Table 53Average monthly occupancy rates for the Goleta, Sam Barbara, and Morenc Valley hotels

Average monthly occupancy rates as % of roomsold

GOLETA HOTEL: 98

SANTA BARBARA

MORENO VALLEY HOTEL:

Month Rooms HOTEL:150 Rooms 120 Room
January 63.76 51.24 37.94
February 75.65 59.05 54.06
March 79.27 67.66 39.76
April 85.84 75.74 39.97
May 85.22 75.18 41.10
June 82.61 79.36 47.00
July 90.13 93.10 42.98
August 84.50 94.83 41.16
Septembe 84.29 84.71 37.49
October 86.03 76.15 42.50
November 70.65 60.24 42.39
December 50.50 50.99 32.71

For each machine at the hotels, we used a simpmpe-intercept method to estimate the lin
relationship between the cycles per day and thepaty.

Y=5lope+X + Y intercept, Where ¥ = the 7

cycles

= ,and X = the % occupancy rate.

Table 54below outlines the minimum and maximum cycle ancupancy rate for each hot
and provides the function used to determine thly daionthly, and annual cycle frequer
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Table 54 Washing machine cycle frequency for the Geta, Santa Barbara, and Moreno Valley hotels

Cycle frequency as a function of occupancy rate
GOLETA HOTEL SANTA BARBARA HOTEL MORENO VALLEY
HOTEL
60lb 100 Ib
Occupancy Occupancy] Washer | Washer| Occupancy
Rate(X) Cycles(Y) Rate(X) Cycles | Cycles Rate(X) Cycles(Y)
(Y) (Y)
Minimum 0.50 6.00 0.51 10.00 5.00 0.33 6.00
Maximum 0.90 10.00 0.95 25.00 12.00 0.54 10.00
Difference 0.40 4.00 0.44 15.00 7.00 0.21 4.00
Slope 10.09 34.22 15.97 18.73
Y-Intercept 0.90 -7.45 -3.14 -0.13
FUNCTIONS: |  y= 10,00+ 0.90 | (00IbwashenY=34.22"X-7.43  y_ 14 734x.0.13
(100 Ib washer)Y= 15.97*X-3.14

Determining the Energy and Water Use

The manufacturer operating manuals for each washaxghine reported the dry-weight capacity,
G-force, direct electricity and all water used dgra typical cycle. For comparison’s sake, it is
helpful to know the dry-weight capacity of the mmes to assess the difference in the washer
specifications. The G-Force of a washing machinerdgnes how much residual moisture is left
in the linens after washing, and can play a sulisiale in drying time. Furthermore, a lower
G-force can be an indication of an older, less agp® machine. Since there are many wash
settings for each washer, it is difficult to deterenthe exact water and electricity used during
each cycle. Therefore, a typical water and elatfrrequirement figure was used for the
analysis. Additionally, natural gas is directly samed by washing machines through hot water,
so to estimate the gas used per month we assumed:

(Cycleg month) x (gallond cyclg x (%hot_ water) x (thermg,

wherethermsis the natural gas required to heat one gallomatér to washing temperatuid/(
from 55 degrees Fahrenheit:

[834Btux (W°F -55°F)]
100000Btu/therm
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Table 55 Washing machine specifications for the Gela, Santa Barbara, and Moreno Valley hotels.

Relevant Washer Specifications: All Hotels

Washer Capacit Mgf( Direct ((;; acslé Hot Cold Total
Hotel Model; (Ibs) y Forc Electricity/Cycl (thgrms water/cycl | water/cycl | water/cycl
Quantity e e (kwh) ) e (gal) e (gal) e (gal)
Goleta | Huebsch 55 418 0.75 0.40 57 26 83
Hotel HX55PV
X; 2
Santa Unimac 60 300 0.74 0.43 61 29 90
Barbara| UWG60P
Hotel V; 2
Santa | Unimac 100 300 0.82 0.75 106 47 153
Barbara| UW100P
Hotel V; 1
Moreno | Unimac 60 98 0.48 0.43 61 29 90
Valley | UWG60B;
Hotel 2

Current Estimated Water and Energy Use by Hotelh\vigsMachines

This analysis tailors the occupancy rate and wastyale relationship to each respective hotel
for an accurate estimate of water used during maygear. With this monthly and yearly water

usage data, it will be clear to see what percenthggtal energy and water purchased is used for

laundry by comparing it yearly hotel utility bill§hrough those calculations one can also

determine how much the laundry costs each hotdlatso the associated embedded electricity

needed to pump and treat the water consumed kyntpeemise laundry equipment.

Additionally, financially beneficial suggestionsrche made to the hotel, if equipment retrofit or
behavioral change comparisons prove to save mamgyesources in the long run. Tables 56-58
summarize monthly cycles, electricity, natural gasj water use for clothes washing at the three

hotels.
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Table 56 Summary of monthly laundry use for the Gadta hotel

Goleta Cycles/ Dirgc_t Gas/ Hot water/ | Cold water/ V-\II—:'::I! y
Electricity/ month month month
Hotel month Month (kwWh) (therms) (gallons) (gallons) month
(gallons)
January 22751 170.63 91.94 12,967.99 5,915.22 18,883.21
February 239.09 179.32 96.62 13,628.22 6,216.38 19,844.60
March 276.02 207.01 111.55 15,733.12 7,176.51 22,909.63
April 287.01 215.26 115.99 16,359.56 7,462.26 23,821.82
May 204.65 220.99 119.08 16,795.19 7,660.97 24,456.16
June 277.23 207.92 112.04 15,802.07 7,207.96 23,010.04
July 310.00 232.50 125.28 17,670.00 8,060.00 25,730.00
August 292.39 219.29 118.16 16,666.19 7,602.12 24,268.31
September  282.32 211.74 114.09 16,092.32 7,340.36 23,432.68
October 297.20 222 90 120.11 16,940.25 7,727.13 24,667.38
November 241.03 180.77 97.41 13,738.68 6,266.77 20,005.45
December 186.00 139.50 75.17 10,602.00 4,836.00 15,438.00
Annual Total Total Direct Total Gas | Total Hot Total Cold Total
Results Cycles Electricity Water Water Water
3,210.45 2,407.84 1,297.44| 182,995.61 83,471.68 266,467.29
Table 57 Summary of monthly laundry use for the Sata Barbara hotel.
Santa Il:r?c?r?t?]/ Loads/month Direct Gas/ Hot water/ V\(/:a(::edr / VI;;[:: /
Barbara (60 Ib (100 Ib Electricity/ month month month month
Hotel washers) washer) month (kwh) | (therms) (gallons) (gallons) (gallons)
January 310.00 155.00 356.50 250.56 35,340.00 16,275.00 51,615.00
February 357.17 176.01 408.63 230.59 40,444.16 18,630.27 59,074.43
March 486.77 237.49 554.95 210.52 54,867.27 25,278.52 80,145.79
ApriI 553.98 268.53 630.14 239 .59 62,256.85 28,686.29 90,943.1b
May 566.47 274.69 644.44 244.99 63,671.93 29,338.12 93,010.05
June 591.15 285.87 671.86 255 .67 66,362.18 30,579.15 96,941.383
July 756.65 363.44 857.94 327.24 84,679.66 39,024.25 123,703.91
August 775.00 372.00 878.54 335.18 86,707.00 39,959.00 126,666.00
September]  g46.07 311.50 733.52 27949 72,429.45 33,376.61 105,806.06
October 576.80 279.51 656.03 249.46 64,812.55 29,864.03 94,676.58
November 394.83 194.25 451.46 170.76 44.675.01 20,579.76 65,254.7|7
December 310.00 155.00 356.50 134.07 35,340.00 16,275.00 51,615.00
Annual Total Total Cycles Total Direct Total Total Hot | Total Cold Total
Results Cycles Electricity Gas Water Water Water
6,324.89 3,073.28 7,200.51 2,928.06 711,586.07 ,888M01| 1,039,452.0
8
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Table 58 Summary of monthly laundry use for the Moeno Valley hotel.

Moreno Loads/ Dirgc_t Gas/ Hot water/ | Cold water/ VI;::: y
Valley month Electricity/ month month month month
Hotel month (kWh) (therms) (gallons) (gallons) (gallons)
January 216.39 103.87 93.59 13,199.81 6,275.32 19,475.12

February 280.00 134.40 121.10 17,080.00 8,120.00 25,200.00
March 226.96 108.94 98.16 13,844.51 6,581.81 20,426.32
April 220.82 105.99 95.50 13,469.90 6,403.72 19,873.62

May 234.74 112.68 101.52 14,319.17 6,807.48 21,126.65
June 260.32 124.96 112.59 15,879.81 7,549.42 23,429.22
July 245.66 117.92 106.24 14,985.13 7,124.08 22,109.20
August 235.06 112.83 101.66 14,338.66 6,816.74 21,155.39
September 206.85 99.29 89.46 12,618.03 5,998.74 18,616.77
October 242.87 116.58 105.04 14,815.10 7,043.24 21,858.34
November 234.40 112.51 101.38 14,298.34 6,797.57 21,095.91
December 186.00 89.28 80.44 11,346.00 5,394.00 16,740.00

Annual | Total Cycles | Total Direct Total Gas | Total Hot Total Cold Total
Results Electricity Water Water Water

2,790.09 1,339.23 1,206.68 | 170,194.44| 80,912.11 | 251,106.55

Resource Consumption Savings from Recommended Retrofits
For all hotel case studies we investigated insigléin ozone laundry system to the existing
machines. An ozone washing system is a wall-mousystém that hooks up directly to your

existing washer through a series of efficient, @ogsistant valves. This system can decrease the
amount of hot water needed for each cycle by b8 because it disinfects the linens just as
well or better than heating the water to 160 degjrééhile ozone laundry systems can decrease
gas used for hot water heating substantially, aked amount of water and energy used remain
approximately the same. In addition to the decr@agas costs, many laundries have reported
the cold ozone rich water can extend the life eflthens when compared to washing them in hot
water filled with bleach. Depending on the frequeatwashing at a particular hotel, the
payback period for an investment in an ozone wassystem could be very short as the savings
on gas bills can be reduced dramatically (Articlez010). The annual hot water and gas savings
for each hotel are summarized below in Table 5@l€frequency, direct electricity, and total
water use remain constant, but the annual hot veat@natural gas use decrease by 95%.
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Table 59 Hot water and associated natural gas sa\gs with installation of an ozone laundry system

Hot water and associated natural gas savings withnaozone laundry system
Total Existing Annual Hot | Annual hot Existing Annual Gas | Annual Gas
Cycles| Annual Water Use water Annual Gas Use with savings
Hot Water | with Ozone | saved with | Use (Therms) Ozone Ozone
Use System Ozone System System
(gallons) (gallons) System (Therms) (Therms)
(gallons)
Goleta Hotel| 3,210 182,996 9,150 173,846 1,297 65 1,233
Santa 6,325 | 711,586.07 35,579 676,007 2,928.06 146 2,782
Barbara
Hotel
Moreno 2,790 170,194 8,510 161,685 1,207 60 1,146
Valley Hotel

Additional Savings at the Santa Barbara Hotel

The Santa Barbara hotel folds a third sheet inth &&d, in between the quilt and the blanket.
This analysis assumes that half of all washingesyelre for sheets, a third of which are the extra
triple sheet. Discontinuing to “triple sheet” widtsult in reducing all costs associated with
laundry by one-sixth. This is a conservation sgatdat involves no upfront costs and instant
savings. The savings on the utility bills can disaused to help offset the costs of upgrading to a
more efficient washing machine or an ozone lausgstem.

Table 60 Resource savings decrease by 1/6 througisabntinuing to “triple sheet”

Resource Savings decrease by 1/6 through disconting to "triple sheet"
Total Total Total Total
Total Direct Total Gas Hot Cold Water
Cycles | Electricity (Therms) Water Water (gallons)
(kWh) (gallons) | (gallons) | ‘9
Existing Use 9,398 7,201 2,928| 711,586| 327,866| 1,039,452
Discontinuing to
Triple Sheet 7,832 6,000 2,440| 592,988 273,222 866,210
Resource
Savings 1,566 1,200 488| 118,598| 54,644| 173,242

The combined resource savings for the Santa BaHmeh through installing an ozone laundry
system and discontinuing to triple sheet are sunz@adbelow. From discontinuing to triple
sheet, the cycle frequency is decreased by onle;sedulting in a one-sixth reduction in all
resources. There is added savings from instalimgzone laundry system by further decreasing
the hot water and associated natural gas use by Sbfite total water use stays the same with an
ozone laundry system, the total cold water usegbases to offset the reduction in hot water use.
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Table 61 Combine resource savings potential at tHeanta Barbara hotel with recommended retrofits

Combined resource savings potential at Santa Barbarhotel from installing an ozone

system and discontinuing to triple sheet

Total Direct Total Gas Total Hot Total Cold Total
Total Cycles Electricity (Therms) Water Water Water
(kwh) (gallons) (gallons) (gallons)
Existing use 6,325 7,201 2,928 711,586 327,866 1,039,452
Use with
retrofits
5,271 6,000 122 29,649 836,561 866,210
Resource
savings 1,054 1,200 2,806 681,937 (508,695 173,242
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Appendix E: Domestic Fixtures

Introduction

Characterization of water use, and energy and wateservation potential in the “domestic and
fixtures” category, which includes faucets, toijeted showerheads, is by nature difficult as it
involves highly variable human nature in additiorfikture specifications. A wide variety of
literature has attempted to characterize humanrwateas it relates to fixtures. Beginning with
the 1984 U.S. Urban and Housing Development DepantiStudy, residential studies began
using data loggers and flow trace analysis systerascurately determine water use and
resulting conservation potential from installed evagfficient fixture retrofits such as low-flow
showerheads, faucet aerators, and low-flush toilé¢tsese studies provide invaluable data on
human fixture use frequency in the residential@edut unfortunately no such exact
information exists in the much more variable Accoodations sector (see Table 62).

Table 62Review of residential water end use studies

Mean dail Toilet Shower Faucet
er ca ita}l/ flushes or Shower minutes
Source: Methodology description: P p per pe! duration per
indoor use . capita o ;
(gallons): capita per day: (min): capita
" | perday: ) per day:
Surveyed residential users and
Maver et al characterized per capita and end-ugse
Y " | water data over 12 cities in North 69.3 5.1 0.75 8.2 8.1
1999 .
America. Used data logger on over
1000 homes and flow trace analysi$
1984 HUD Mailed retrofit kits for water saving
study, Brown | fixtures and measured observed 66.2 4.0 0.74 N/A N/A
& Caldwell water use and savings
Recorded 2 week baseline data on
East Ba water use in 33 residential homes,
y then measured use 1 month and 6 40 3.2 N/A N/A N/A
MUD 1991 L
months after water saving fixtures
were installed
,(a”_) Recorded 2 week baseline data on
B 1993 Tampa water use in 26 residential homes,
n P2 | then measured use 1 month and 6 50.7 3.8 0.7 N/A N/A
- Study L
8 months after water saving fixtures
S were installed
2 Used 1994 baseline data to measufe
L 1995 water savings at 14 households from
@ | Heatherwood | . . . - 58.8 N/A N/A N/A N/A
installation of high efficiency
Study fi
ixtures
1995 Measured water use at 20 homes
Westminster _bunt before 1977 (bef_ore _ 63.5 N/A N/A N/A N/A
pre-1977 implementation of stricter plumbing
housing standards)
1995 Measured water use at 20 homes
Westinster | built after 1977 (after
post-1977 | implementation of stricter plumbing 50.6 N/A NIA N/A N/A
housing standards)
Water conservation management
1981 AWWA guide estimated daily residential N/A 5.0 0.9 N/A N/A
Handbook
water use
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Table 63 Review of commercial and hotel water endse studies

Shower Faucet
Toilet flushes per Shower use
Source: Methodology description: per capita per capita | duration per
day: per (min): day
day: (min):
MWD 2002 51% of hotel water end use is attributed to N/A N/A N/A N/A
Hotel Audits | "restroom"
Brown and As cited in Pacific Institute "Waste Not, Want
Caldwell 1990 | Not" report 4 N/A 16.2 N/A
Used Brown and Caldwell 1990 4 N/A N/A N/A
Based on three studies of office buildings in 2.60 (per
which the numbers varied from 2.0 to 3.45 toilet A N/A N/A N/A
employee)
flushes per employee per day
Shower use: assumed 16.20 minutes per occupied
room (Brown and Caldwell 1990) N/A NIA 16.2 NIA
Pacific Institute | Knights et al: 5.0-10.7 seconds after using toilet 0.083-
(using no soap versus soap) N/A N/A N/A 0.1783
0.11 minutes per toilet use (Pac. Institute N/A N/A N/A 011
assumption) )
The number of times that employees use uringls
» daily is the average of two estimates (Darell 1.25 (per male
S Rogers cited in Schultz Communications 1999 em Fl)o ce) N/A N/A N/A
% and Konen cited in A and N Technical Services, ploy
- Inc. 1994).
e
o . This study is based on the results of a
T [ Redlin, M. and i . ;
3 DeRooS, J. qgestlonnalfe sent out in 1988 ;o 1600 hotels, N/A N/A N/A N/A
© with 408 valid responses. Median water use per
o (1990)
5 room was reported at 144 gallons per day.
IS
I Seattle Public Reviewed literature and concluded most hotels
8 Utilities use between 144 and 190 gallons per day per N/A N/A N/A N/A
room
Vancouver
Regional Surveyed 2§ self-selected Vancouver, B. C. area N/A N/A N/A N/A
Distri hotels. Medium was 73 gpd per room
istrict
East Bay
Municipal Performed 500 telephone interviews, and on 657
Utility District | on-site surveys, including 50 on-site surveys of N/A N/A N/A N/A
(EBMUD), Hotels/motels.
1994
Jane H. Ploeser This article cites results of site visits to 7 Hste
et al, Journal | located in Phoenix (4), Denver (2), and Ventura, N/A N/A N/A N/A
AWWA, 1992 | CA (1).
L(?hgilr:"\]/:/?itlgrn They use gallons per guest as a benchmark, with
- 125 gallons/guest for older properties (undefined) N/A N/A N/A N/A
Conservation .
and 95 gallons/guest for newer properties.
Program
California Hotel
& Lodging 218 gallons per day per occupied room N/A N/A N/A /AN
Association
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Previous attempts to characterize hotel water ydexture rely upon questionnaires or total
water usage to estimate water usage per guesbur. rbhese approaches result in broad
estimates of actual water conservation potentigd, td uncertainty in actual to shower head,
faucet, and toilet end use. In addition, this datet likely also includes hotel employees and
visitors (e.g. those visiting hotel guests butstaing), whose water usage patterns vary from
hotel guest usage. Several hotels studied in thal&&ublic Utilities report had sub-metered
data providing an accurate assessment of justldredscaping or laundries water use; however
none accurately assessed total water usage bysend u

Lacking the resources to employ data loggers amwl fitace analysis, our approach relied upon
previous studies characterizing fixture use andabem and paired it with actual fixture water
flow measurement in order to provide a detaile@smment of fixture water use at the case study
hotels. Once water use at the fixture was accyrdelermined, we were able to calculate the
embedded natural gas required for shower and féuatevater production. Our reasoning for
actually measuring water use instead of relyingnupdustry standards was that most actual use
measurements provided by manufactures deviate $tandard ratings, as explained well in the
following quote from Mayer and DeOreo, two leaderthe field of water end-use behavior:

“A toilet rated to flush at 3.5 gpf [gallons peush] or 1.6 gpf will seldom use
precisely that amount of water for a single flusten when the toilet is new.
Modifications to toilets such as new flapper valMeset dams, displacement
devices, and float valve adjustments can also tfffecflush volume (Webster,
McDonnell, and Koeller 1998; Babcok 1999). Otheidgts have also found that
each toilet is different, even if they are the samake and model (Honold and
Ewald 1994; DeOreo et al. 1996¢).” (Mayer & DeOr£899, p. 97)

Data Collection Methods

Our analysis relied upon actual measured wateinssead of factory ratings. In order to
measure actual flow in hotel fixtures, flow metagb were employed to determine faucet and
shower head flow; while a T5 Flushmeter (http://wtsflushmeter.com/company.html, 2010)
measured toilet gallons per flush. The flow metagd) made by Niagara Conservation
(“http://niagaraconservation.com/,” 2009), are dasd to measure 5 seconds of flow and have
demarcations showing the flow rate in gallons perute. Three measurements were taken for
faucet and showerhead flow; and the average oétrerdings were used in our calculations.
The T5 Flushmeter functions by inflating the bladgasket to block the bowl outflow, and then
uses a turbine meter to measure the water flowugirohe head during a flush. Due to time
constraints, only one toilet flush measurement taken; while dyes assisted the team in
assessing if leakage occurred from toilet tankawlb

During the assessment, the fixtures of each roga (g.g. suite or standard room) were
measured. At all three case study hotels, desfaittassurances, a visual inspection was made of
several rooms of each type to ensure fixture modetg similar. In addition to guest rooms,
other common areas with fixtures (e.g. lobby baihrs, kitchen food prep areas, pool area
bathrooms, weight room showers, etc.) were measusied the same methodology. Interviews
with the hotel facility managers and staff providefbrmation regarding the frequency of usage
of fixtures in these common areas which provideditasis for calculating current water and
energy use.
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Data Analysis Methodology

Since it would be nearly impossible to measureaatater use at each fixture over the course
of a year, our analysis relies upon previous ssidrefixture use to estimate actual guest water
usage at our case study hotels. We then paireddataéswith hotel occupancy information. Our
analysis used other studies to estimate hotelrBxtvater use by employees, and refined this
estimate with interviews with facility managersiestting actual use.

The Pacific Institute’s 2003 “Waste Not, Want No#port is the only previous study that has
attempted to characterize fixture use in hotelsrder to estimate water conservation potential;
and our analysis relies upon several of their agsioms. However the Pacific Institute, in
attempting to estimate water usage across theedraiel industry in California, by necessity did
not distinguish between types of users as our tefo@s. In order to assess water use more
specifically, we included information gathered froor audits and assumptions from interviews
with facility managers (see questionnaires in Aglpe\) in order to analyze domestic and
fixture use more rigorously at our three case stumtgls.

Guest Fixture Usage

One of the first problems encountered in analyhiotgl guest water use is that hotels don’t
actually record how many guests are staying atatiéty. Instead, our three case study hotels
use occupancy percentage. Therefore, in ordertesrdae the actual number of guests over the
course of the year, calculations were made assuain§ person per occupied room rate during
the off season, and 2.5 people per occupied roamglthe peak season. This assumption was
corroborated by facility managers. Given the faet bur case study hotels are in the lower price
range and appeal to primarily families and bargaiwelers, and that according to our facility
managers rooms are often filled with more than@jpeein the summer due to traveling sports
teams and families visiting for college graduatitins assumption is most likely conservative.

In the Pacific Institute report, based upon thevBr@and Caldwell 1990 study, hotel guests are
estimated to flush the toilet four times per dagweéver both studies made no effort to
distinguish between guest room fixture use, andofisigtures in other areas of the hotel by
guests (e.g. pool area bathrooms, lobby sinks, @teerefore, in order to avoiding double-
counting fixture use, our analysis assumes thate28ent of guest-related toilet flushes occur
outside their room and is captured in our estinmatibcommon area fixture use (see below).

Using our assumption of 3 toilet flushes per gpestday, and the hotel’'s actual occupancy rate,
we can then calculate water use attributed to goést use by multiplying the product by the
toilet gallons per flush measured during our audit:

Hotel Monthly Occupaneyl8x3xmeasuredtoilet flow=Guest Toilet Water Use

“Waste Not, Want Not” assumes a rather high 16./2utei per room shower use; failing to
distinguish shower time between rooms with one galed multiple guests. This analysis instead
relies upon a 0.75 shower frequency and 8.2 misiubgver duration per capita, which was equal
to the average actual residential shower frequanciytime in the Mayer et al. 1999 study that
analyzed over 1000 homes in 12 different citieslanth America.

Therefore, we can use our guest per occupied rasomaption detailed above (note that in the
above and below equations 1.8 guests per occupaad is used — during the peak season 2.5
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guests per room is used as the multiplier) in otdealculate the amount of water used by guest
showers:

Hotel _Monthly _Occupancy 1.8x 0.75x 82minutesx measured showerhead flow
= Monthly_Guest_shower_water_use

Since faucet usage at home incorporates widelgreifit activities relating to cooking and dish
washing, our analysis instead relied upon the Racititute assumption of 0.11 minutes (6
seconds) per toilet use, yielding 0.44 minutetdltfaucet use per guest per day. Multiplying
this by the faucet flow in gallons per minute i@ equation below yields the water used in the
guest faucets. Again, for the sake of conservatmpercent of this faucet use is assumed to be
captured in estimations of lobby, pool, weight ro@md other common area bathrooms.

Hotel Monthly Occupancy 1.8x3x 011 minutesx measured faucet flow= Guest faucet use

Table 64 below details the guest water usage dbtheta hotel rooms, for which we measured
1.8 gallons per flush toilets, 2 gallon per minst@werheads, and 2.4 gallon per minute faucets.

Table 64 Goleta hotel guest water usage per fixture

Goleta Hotel Total Monthly Guest Water Use (gallonk
Month Occupancy % Toilet Showerhead Faucets Total
Jan 63.76 18,828 42,886 2,761 64,475
Feb 75.65 20,177 45,959 2,959 69,095
Mar 79.27 23,406 53,315 3,433 80,154
Apr 85.84 34,068 77,599 4,997 116,664
May 85.22 34,951 79,611 5,126 119,689
Jun 82.61 32,786 74,679 4,809 112,274
Jul 90.13 36,963 84,193 5,421 126,578
Aug 84.50 34,655 78,936 5,083 118,673
Sep 84.29 33,453 76,199 4,906 114,559
Oct 86.03 25,405 57,867 3,726 86,998
Nov 70.65 20,190 45,987 2,961 69,138
Dec 50.50 14,911 33,964 2,187 51,061
Annual Total: 751,195 48,370 1,129,358| 1,928,923

Employee Fixture Usage

There have been very few studies that have queditdmployee bathroom use. Again, since the
Pacific Institute report has been the only studgdttmate commercial sector water use at this
level of detail, our analysis follows their assumaptof 2.6 bathroom uses per employee per day.
This number in turn was taken from studies obsgreimployee restroom use in three
commercial office buildings (see Darell Rogersatite Schultz Communications 1999 and
Konen cited in A and N Technical Services, Inc.4R%fter each employee toilet use, Pacific
Institute’s assumption of 0.11 minutes per toikst is employed in our analysis.
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#_Employees 26xdays _per_monthx measured employee toilet_ flow
= Employee Toilet Water_Use

Since all case study hotels reported that the nuwibemployees varied depending on the high
tourist season in the summer and low season irewiaur analysis used the high number of
employees given for the months of May through Sepe, or 153 days, and the low number for
October through April, or 212 days (high and lowsms were identified through interviews
with facility managers). Since none of the 3 casdyshotels had urinals in the employee rest
rooms, no assumptions were needed to be made comgemployee urinal use.

#_Employees 26x 011minutesx days per_monthx measured employee faucet flow
= Employee Faucet Water Use

See Table 65 below for the employee water usagéxpere at the Santa Barbara hotel, where
the employee rest room contained 1.6 gallons pshftoilet and 3 gallons per minute faucet.

Table 65 Santa Barbara hotel employee water usagepfixture

Santa Barbara Hotel Monthly Employee Water Use (giéons)

Month # Employees Toilet Faucets Total
Jan 65 8,382 1,441 9,823
Feb 65 7,571 1,301 8,873
Mar 65 8,382 1,441 9,823
Apr 65 8,112 1,394 9,506
May 77 9,930 1,707 11,637
Jun 77 9,610 1,652 11,261
Jul 77 9,930 1,707 11,637
Aug 77 9,930 1,707 11,637
Sep 77 9,610 1,652 11,261
Oct 65 8,382 1,441 9,823
Nov 65 8,112 1,394 9,506
Dec 65 8,382 1,441 9,823

Annual Total: 106,334 18,276 124,610

Other Fixture Usage

Other fixtures not captured through guest and eyg@@nalyses included disparate sources such
as lobby bathrooms, employee break room faucdts)da food preparation areas, pool area
bathrooms, and exercise bathrooms and showerstaChighly variable use of these facilities,

our analysis relied up estimates of use from inésvs with hotel managers — those most aware
of facility use.

For these areas, facility managers were given gerahuse per area and instructed to give their
best estimation of usage per week. Managers w&eslds make an estimate for usage during
both the slow season and high season in ordemptoreavariability in fixture use during those
times. In calculating actual usage, the low enthefmanager’s estimate range was used for
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conservatism. Given that the difference betweenaWweend and high end of their estimation
amounted to less than 1 percent of the total fextmater usage at the hotel, it seems clear that the
inherent error in guessing common area fixturews@ld not significantly affect our final

results.

As mentioned previously, some common area faaisy such as pool and lobby bathrooms are
assumed to be from the guests themselves — th@bthercent reduction in guest room fixture
use. Other uses are assumed to be from visitdietef guests, as well as from the conferences
that all three of our case study hotels host ooocadlly. For common area bathrooms, the
manager estimate of use is assumed to comprisersémi of men and 50 percent women. The
analysis of the two bathrooms with urinals (theblpmen’s bathroom at the Goleta Hotel and
the pool men’s bathroom at the Moreno Valley HodsBumes that half of the estimated use by
men (or one-fourth of the total estimated usepigtie urinal — most likely a conservative
assumption. See the equations below for our cdlonlaf common area urinal, toilet, and faucet
use:

Manager_estimation_use_per_dayx 025xdays _per_monthx measured urinal _ flow
=Common_Area_Urinal _Water_Use

Manager_estimation_use_per_dayxdays_ per_monthx measured toilet_ flow
=Common_Area_Toilet Water_Use

Manager_estimation use per_dayx 011 minutesxdays per_monthx measured faucet flow
=Common_Area_Faucet Water_Use

Table 66 below includes the calculation resultsiermen’s bathroom at the Moreno Valley
hotel pool, which had a 3.5 gallon per flush uriral.6 gallon per flush toilet, and a 2.2 gallon
per minute faucet flow.

Table 66 Moreno Valley hotel pool men’s bathroom wigr usage

Moreno Valley Hotel Monthly Pool Men's Bathroom Water Use (gallons)
Month Use per day Toilet Urinal Faucet Total

Jan 5 124 271 38 64,475
Feb 5 112 245 34 69,095
Mar 5 124 271 38 80,154
Apr 5 120 263 36 116,664
May 12.5 310 678 94 119,689
Jun 12.5 300 656 91 112,274
Jul 12.5 310 678 94 126,578
Aug 12.5 310 678 94 118,673
Sep 12.5 300 656 91 114,559
Oct 5 124 271 38 86,998
Nov 5 120 263 36 69,138
Dec 5 124 271 38 51,061

Annual Total: 2,378 5,202 719 1,129,358
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The calculated water usage from hotel guests, grapk) and at common areas was then
combined into determining the total water usagi@eathotel per fixture, which are reported in
Part 3. See Table 9 for a summary of our fixturalysis assumptions.

Calculating Energy Embedded in Domestic & Fixtuvéater Use
Once we had calculated fixture water use by arddraguency, we then calculated the natural
gas use for heating that water (for showers andeta) using the following equation:

Fixture _water _usex 0.73x5395 = Fixture_Natural _Gas Use

It is assumed that 73 percent of the water uséaliaets and showers is hot, and the energy to
raise the temperature of the water from the s@ttmperature of 55 degrees Fahrenheit to 120
degrees Fahrenheit is 539.5 BTO'8\ebraska Energy Office, Nebraska, 2010). Nawaalis
normally billed in therms, where 1 therm is equal 00,000 BTUs. See Section 3 for the total
calculated therms used by fixtures at our caseydtotkls.

Calculating Combined Domestic Fixture Synergistiei)y and Water Savings

In order to determine savings potential in the detindixtures category, available rebates for
water-efficient fixtures were researched from tbhé&ehs local water agency. These agencies
include the Goleta Water District and the City eah& Barbara Public Works Department, both
of which provide rebates for fixtures recognizediy California Urban Water Conservation
Council (CUWCC). While these rebates are technicalspended for commercial businesses in
the Santa Barbara and Goleta areas, our analysimas that the hotels will be able to take
advantage of the rebate offered previously.

The Moreno Valley hotel purchases water suppliethbyEastern Municipal Water Agency,
which as a member agency of MWD, offers fixtureatels through MWD’s “Save a buck” water
efficiency program. However, according to a prograpresentative, there are currently no
commercial fixture rebates available and no plansffer any. See Table 67 for a partial list of
fixtures for which our case study hotels could ree@ rebate, as well as other potential efficient
retrofits for which rebates aren’t available but@aigh water savings potential. This includes
mostly the lower-cost retrofits from the compreheadists available from the organizations
offering rebates.

® Note that a BTU is defined as a unit of energy equ#& the amount of heat required to raise one poundf
water one degree Fahrenheit at 1 atmospheric pressa Raising a gallon of water 1 degree Fahrenheit
requires 8.3 BTUs and therefore raising 1 gallon 68egrees requires 539.5 BTUSs.
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Table 67 Potential fixture retrofits available to case stug hotels

Moreno Valley Area Potential Retrofits

Rated Rebate
Retrofit Manufacturer Flow Cost Rebate| Agency
High Efficiency Toilet | Cadet® 3 FloWise™ Round Ftdrilet 1.28 | $236-$331 No MWD
Dual Flush Toilet Flowise® Dual Flush Round Frormiil&t 0.8-1.6| $329 - $371 No MWD
High Efficiency Urinal | Allbrook FloWise 0.5 GPF ighon Jet 0.5 | $220-$350 No MWD
Zero-Flush urinal Kohler Steward® S waterless urina 0 $532 No MWD
Waterless Urinal Falcon Waterless Urinal F-4000 q $244 No MWD
Low-Flow Faucet Reliant 3 Centerset Bathroom Fau®eb GPM 0.5 | $125-$180 No N/A
Eco-Faucet Toto TEL3LSC-10 0.09 $358.05 No N/A
Aerator Faucet aerator (order 1-5) 0.5 $2.10 No N/A
Faucet aerator (order 6-59) 0.5 $1.94 No N/A
Faucet aerator (order 60+) 0.5 $1.80 No N/A
Aerator Faucet aerator (order 1-5) 1.0 $1.85 No N/A
Faucet aerator (order 6-59) 1.0 $1.65 No N/A
Faucet aerator (order 60+) 1.0 $1.40 No N/A
Low-Flow Showerhead| Bricor 1.75 $37-$45 No N/A
Goleta & Santa Barbara Area Potential Retrofits
Rated Rebate
Retrofit Manufacturer Flow Cost Rebate | Agency
High Efficiency Toilet | Cadet® 3 FloWise™ Round Ftdmilet 1.28 | $236-$331 $200 | cuwcCcC
Dual Flush Toilet Flowise® Dual Flush Round Frormiil&t 0.8-1.6| $329 - $371 $200 | cuwccC
High Efficiency Toilet Evergreen Two-Piece toilet 21 314 $200 cuwcc
Integrated toilet/sink Gaiam Toilet Lid Sink 1 $89 No N/A
Water Efficient Urinal Vitra Evergreen 5231-XXX-089 0.25 $395 $300 CuwcCC
Waterless Urinal Falcon Waterless Urinal F-4000 q 244 $300 cuwcCcC
Low-Flow Faucet Reliant 3 Centerset Bathroom Fau®eb GPM 0.5 | $125-3$180 No N/A
Eco-Faucet Toto TEL3LSC-10 0.09 $358.05 No N/A
Aerator Faucet aerator (order 1-5) 0.5 $2.10 No N/A
Faucet aerator (order 6-59) 0.5 $1.94 No N/A
Faucet aerator (order 60+) 0.5 $1.80 No N/A
Aerator Faucet aerator (order 1-5) 1.0 $1.85 No N/A
Faucet aerator (order 6-59) 1.0 $1.65 No N/A
Faucet aerator (order 60+) 1 $1 No N/A
Low-Flow Showerhead| Bricor 1.75 $37-$45 No N/A

Sources:(California Urban Water Conservation Council, 2009sletropolitan Water District, 2010)

For our analysis of domestic fixture energy andewabnservation, we chose to focus modeling
the combined resource savings potential for foyrregrofits: installation of a high efficiency
toilets (1.28 gallon per flush), waterless urinédsicet aerators (0.5 gallon per minute flow), and
low-flow showerheads (1.75 gallon per minute floldte that when calculating costs of

retrofits, if the manufacturer advertised a ranfyprices the lowest end of the range was selected
since it was assumed a hotel buying enough showaedshar toilets to retrofit close to 100 rooms
would receive a better deal than an entity purcttagist one fixture (see Appendix G for a
detailed explanation of cost savings and paybadkganalysis). This analysis also relies upon
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industry ratings of fixture water use in order &daullate savings, even though as discussed
previously often times fixtures deviate from thestngs.

Total Resource Savings Calculation Methodology

In order to calculate the savings from a fixturea#t, our analysis assumed that the human
behavior governing fixture use (i.e. the assumpgtioihuse frequency detailed above) would be
the same. Therefore, calculating savings is redtigsimple: using the water use assumptions
and calculation methodology described above, westaply change the measured flow with the
rated flow of the retrofit and find how much watan be saved.

For example, in the Table 66 results above for iuade in December at the Moreno Valley hotel
men’s bathroom, we found a water usage of 124 ggll@71 gallons, and 38 gallons from the
toilet, urinal, and faucet usage respectively dythre month. By changing the “measured flow”
value from the calculation above to the rated fdthe water efficient retrofits we can then
calculate the monthly water usage per fixture tyehigh efficiency toilet, a zero flush urinal,
and an aerated faucet were installed in the bathroo

Manager_estimation use_per_dayx 011 minutesxdays per_monthxretrofit _faucet flow
=Common_Area_Faucet Water_Use_with__aerator_ retrofit

Using the equation above, we find that replaciregg2t2 gallon per minute faucet aerator with a
0.5 gallon per minute aerator results in decreagiadgaucet water usage in December from 38
gallons to 9 gallons — saving 29 gallons of water.

Once direct water savings have been calculatedh&recan find the associated energy savings.
As mentioned above, it takes natural gas to heaiveiter coming out of faucets (toilets and
urinals use no hot water, therefore only providarggs from water efficiency and savings in
energy needed to transport the water from the sdorthe toilet — see Part 2 for detail on
calculating the energy embedded in the treatmearisport, and wastewater treatment of water).

Since installing a 0.5 gallon per minute faucettmrin this example saves 29 gallons of water

over the course of the month, using the same cdlounlabove for natural gas hot water use we

can find how much natural gas is saved by using\eder at the faucet (it's worth remembering
that actual frequency of use hasn’t changed).

Fixture_water_usex 073x5395 = Fixture_ Natural_Gas_Use

Because we assume 73% of faucet water is hotyteans of the 29 gallons saved 21 of them
would have been for hot water; and therefore redpwiater flow with an aerator not only saved
29 gallons of water but also 11,421 BTUs of natges during the month.

For a thorough discussion of our analysis and ¢atioms concerning energy, water, and
monetary savings over the lifetime of our potentiifofits, see Appendix G.
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Appendix F: Landscaping

Determining Water Needs of Plants

To estimate plant water needs in a diverse landsaag followed the Landscape Coefficient
method outlined in the WUCOLS report (UniversityGdlifornia Cooperative Extension and
California Department of Water Resources, 2000jeiRRaces to specific calculations for
determining water needs of plants were derived frlenabove WUCOLS methods. The
WUCOLS landscape coefficient method uses of asefisimple calculations based on specific
information collected in the field to estimate Eidarrigation efficiency so that the appropriate
water can be applied. To accomplish this, we dgexlan Excel spreadsheet for each hotel to
incorporate the biological, physical, and environtaéparameters necessary to calculate the
landscape coefficient estimate of water use. Thddeape coefficient method is designed to
maintain plant health and appearance, reduce watste, and minimize money spent on the
increasing cost of water (University of Califori@@operative Extension and California
Department of Water Resources, 2000).

Plant water needs have been determined based mugjtolaboratory and field studies which
measured plant water loss (University of Califor@@operative Extension and California
Department of Water Resources, 2000). Plants wierified with help from numerous
individuals following which, water requirements feich species were determined using the
WUCOLS plant list and other locally appropriatentldatabases (Metropolitan Water District of
Southern California, 2003); (Santa Barbara Counataf/Agency, 2010a). Values for plant
water use are found using:

Where k is the species factor and is expressed as adragtireference evapotranspiration (ET
and is presented with the other variablgahd k.. in the Landscape Coefficient in Table 68 and
discussed below. Species factor ranges betweedothggh water use plants and <0.1 for very
low water use plants.

Because all species were not present within anyptarg list, data from multiple plant lists were
compiled in order to determine plant water needs.used the water needs data from the
WUCOLS plant list was the main determinant in defineach plants water needs. Water use
data from the Santa Barbara County Water Agendgistpist was used as a secondary list and
filled the remaining gaps of the WUCOLS list. Ipant was identified as medium water use in
both plant lists then the mid range value of 0.5 wlaosen from the medium range of 0.4-0.6. If
the plant was medium in WUCOLS but low water us8amta Barbara’s list, the lower end of
the WUCOLS range 0.4 was chosen. Once the platerwaguirements were identified and
included within the excel spreadsheet, the higlvaseér consuming plant within each irrigation
zone was used to represent the entire zone’s wgtageds, &K in order to meet the minimum
water needed by all plants within the zone.
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Table 68 Landscape coefficient factors
Species | Density | Microclimate

High 0.7-0.9 | 1.1-1.3 1.1-1.4
Mod./Avg. | 0.4-0.6 1 1
Low 0.1-0.3 | 0.5-0.9 0.5-0.9

Very Low <0.1 - -
Source (University of California Cooperative ExtensiondaCalifornia Department of Water Resources, 2000)

For each zone, we recorded the environmental aondiof plant density factor {¢kand
microclimate factor (kc). Density factor can vary considerably dependingatal leaf area and
spacing between plantings. The larger the leaf peeaquare foot, the greater the
evapotranspiration which results in a higher dgrfsittor k. Range for kis between 1.3 for
very dense planted areas to 0.5 for sparse lanéscap

Microclimate factor accounts for the differencegwapotranspiration between sunny, hot,
and/or windy locations vs. shaded, cool, and/otgqmted areas. Plantings near buildings, parking
lots, reflective surfaces and “wind tunnels” betwéeildings can increase evaporation and
require greater than average watering. The rangaifroclimate factor is as high as 1.4 for
highly evaporative conditions and as low as 0.5fantings on the north side of buildings,
courtyards, and other protected areas. Once thesdbr microclimate, plant density, and
species water needs are known, the landscapeaegtfk_ can be calculated and multiplied by
the reference evaporation (§)Tto determine landscape evapotranspiration E$ing:

ET =ET,*K,

ETo is calculated using specialized weather stati@lavle from the California Irrigation
Management Information System (CIMIS) (Departmdniater Resources, 2009). We
downloaded monthly EjTand precipitation values from 2007-2009 and gdedran average for
each calendar month (Table 69). For the GoletaSamda Barbara Hotels, we averaged values
from the CIMIS stations #94 in the Goleta Foothdlied #107 in Santa Barbara while the Moreno
Valley Hotel used EJvalues from station # 44 located at the UniversitZalifornia-Riverside
campus. Values of average monthly,Bfovide the basis to calculate Efbr all landscape

zones.

Table 69 Monthly average ET values for Santa Barba/Goleta and Moreno Valley
CIMIS Station | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec | Total

Santa
Barbara/
Goleta
Monthly
Average ET
(2007-2009)
UC Riverside
Monthly ET 44 2.76 | 2.54 | 498 | 555 | 6.36 | 6.71 | 7.57 | 7.00 | 5.71 | 4.59 | 3.04 | 2.07 | 58.88
(2007-2009)

94 and 107 215|225 | 398 | 487 | 488 | 525 | 5.69 | 444 | 3.82 | 3.92 | 2.44 | 1.83 | 45.50

148



To determine the total water applied to the landeq@WA), the irrigation efficiency (IE) must
be estimated. Even new and well designed irrigagimtems may be only 90% efficient at
getting water to the plants, while systems withroger design and maintenance may be less
than 50% efficient (University of California Coopéive Extension and California Department
of Water Resources, 2000). Irrigation efficiencysvestimated for each zone based on irrigation
type, notation of problems such as broken or leakigads, presence/absence of mulch, and to a
lesser degree, the scheduling of irrigation evertis. latter matters as short duration watering
everyday may encourage shallow roots prone to greaaporation where watering too long
allows water to penetrate beyond the root zonel&\this process is inherently subjective, it is
nonetheless a critical step. For this last stepfdiowing equation describes the total water
applied:

TWA=ET, /IE

The final calculation of TWA within the WUCOLS frawork provides a value of inches of
water per month required by plants. TWA estimaestotal wateneededyy plants from an
irrigation system given the environmental condisigmesent. TWA should not be mistaken for
estimates of total water actually applied by irtiga systems, which are estimated separately
below. In order to compare these values with thearader of the efficiency measures, we
converted TWA from inches of water to gallons ottevgoer zone using:

Gallons

=TWA* 062* SquareFeet
Monttk

We assessed these values to compare both monthgrerual water needs of landscapes at our
case study hotels and is shown in Table 70.

Table 70 Monthly and annual plant water needs

Hotel Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Bxc Total

Santa
Barbara 22,825 23,870 42,318 51,764 51,852 55)800,536| 47,192 40,63% 41,663 25,926 19,405 483,789

Goleta 14,722 15,397 27,295 33,388 33,445 350994,0489 30,439| 26,209 26,872 16,722 12,516 312,045

Moreno
Valley 12,808| 11,788 23,082 25,740 29,463 31,086 ,035| 32,445| 26,451 21,259 14,106 9,594 272,894

Calculating Water Applied by Irrigation

To understand whether sufficient water was beimyipied to landscapes through the irrigation
system, two methods were assessed to begin tmsa¢st The first used measurements of water
flowing through the landscape meter during the naanperation of each irrigation zone.
Volume of water per unit time was recorded whetalable for each irrigation zone. Once each
zone was turned on, we waited roughly a minutereefaking the initial value to allow for air to
be purged through the irrigation system, ensurimgaurate flow rate would be calculated.
Once this initial reading was collected, a secaatiing was recorded after a given period of
time to develop a calculated flow volume per umite, which was later converted to cubic feet
per minute. However, numerous zones were not detiiay the controller at the Goleta and

149



Moreno Valley hotels, limiting the data that coblel collected. Meanwhile the Santa Barbara
hotel does not have a dedicated landscape metehwhevented us from accurately measuring
only the water being use by each irrigation zone.

The second method used to estimate irrigation vegiplied was calculated using information
regarding the run time of the irrigation controléerd estimates of spray head flow rates. Each
irrigation zone is set to run for a specific numbeminutes and cycles per week, allowing us to
calculate the number of minutes per month each mooe using:

Dayslrrigated
Minutes, Days Week
Day Month 7

MinuteslrigatedPerMnth=

Maintenance/gardening staff at each hotel spedifitald us they do not adjust the controller to
water more in the summer when ET is higher, buiudo the controller off when it rains.

Ranges of estimated spray head flow or more fogmpikcipitation rates, for spray head type
sprinklers vary and are defined by how many inafesater each would provide in an hour.
Precipitation rates vary from 1-2 inches per hdilderblack & Powell, 1996), 1.5-1.7 inches
per hour (Carolinas Irrigation Association, 20a8)1.8 inches per hour (California Urban Water
Conservation Council, 2009b). While every hotelduspray heads as their primary irrigation
source, the age and condition of these systemsaratyikely do not have a common
precipitation rate. Because all hotels appeardtht@ more than adequate pressure, we
considered values toward the higher range of ttestry estimates. We calculated monthly
water applied for all three hotels using precijtatates of 1.6, 1.8, and 2.0 inches per hour
using:

MonthlyGalonsApplied= MonthlyWagringMinues* (SprayHeadPrecipitatiolRate/60Q * 062* SquarEeet

We selected the rate that best matched the qudlite irrigation system (Table 71). We also
made sure the annual estimate was not less thamagsd plant needs, and did not exceed the
annual volume recorded by the landscape metemotade lower and upper bounds to our
estimates. Because all hotels plants appearedueb&vatered, we assumed applied water was
not less than plant water needs.

Table 71 Estimated annual water used based on thrgeecipitation rates (Gallons/Year). Values chosefor
final estimate in bold.

Santa Barbara Goleta Moreno Valley
Hotel Hotel Hotel
Precipitation Rate (1.6 Inches/Hour) 347,645 276,875 462,064
Precipitation Rate (1.8 Inches/Hour) 391,101 311,484 519,822
Precipitation Rate (2.0 Inches/Hour) 434,557 346,093 576,069
Actual Landscape Meter Bill Data N/A 339,218 1,09
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Estimates for volume of water applied were gendratgallons of water applied per month for
each irrigation zone and summed annually for eacike and summed per month for all zones
(Table 72). For the Goleta and Moreno Valley hotels irrigation water comes from a
dedicated landscape meter, allowing us to comp@restimated monthly water applied to billed
data. For both cases, the distinct seasonal inreiaagpring, summer, and fall and dip in winter
shows that adjustments to irrigation run time tety@ants needs occurred (Figures 45 and 46).
Despite maintenance staff at all three hotels mfog us that they do not adjust the controller to
increase watering in the summer to meet greatet pkeds, we conclude this cannot be the case
based on billed data and obvious variation in seglgulant needs. Our site visits occurred in
December and could not observe irrigation duratauring the summer months. It is likely that
landscape contractors adjust the irrigation ruresiwithout the maintenance staff’'s knowledge.
We cannot say for certain this was the case ab#mea Barbara hotel but based on the other two
hotels, we adjusted the monthly water applied \&atoebetter represent seasonal adjustments in
water use.

Table 72 Monthly and annual initial estimates of irigation water applied (Gallons/Month)

Hotel Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov xc Total

Santa 36,213 | 32,709 36,213 35,045 36,213 35,045 36,213,213 35,045 36,213 35,045 36,213 426,379
Barbara

Golet 26,386 | 23,832 26,386 25534 26,386 25,534 26,386,388 25,534 26,386 25534 26,386 310,669
oleta

Moreno | 48,926 | 44,192 48,926 47,348 48,926 47,348 48,026,0268 47,348| 48,926 47,34F 48,926 576,069
Valley

We compared two different methods to model seaggriat our estimated monthly water use.
The first used monthly values for ET and for thdeBaand Moreno Valley hotels, the second
method used monthly landscape water bills. We nlizeththe monthly data for both ET and
billed water use by dividing the monthly values éaich by their annual average; creating a ratio
we could then multiply by our initial estimatesvaditer applied to calculate monthly irrigation

volumes throughout the year using:
EstimatetVaterAppliedGallong = InitialMonthlyEstimae(Gallong * (—MontthETj

AnnualET
Or

Estimate@VaterApplied(Gallons) = InitialMonthlyEstimae(Gallong * ( MontthBllled(GallonSJ

AnnualBilled(Gallons)

This method does not substantially change the dwoliames of irrigated water delivered but
reapportions estimates to reflect reasonable sabhganation. Based on estimates seen in
Figures 45-47, we selected the estimated watereappsing the billed ratio for both Goleta and
Moreno Valley hotels; and for the Santa Barbar&lhehere no separate irrigation bill was
available we used the estimated water applied ubagT ratio.
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Comparison of methods to estimate monthly
water applied vs estimated plant needs for the
Goleta hotel
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Figure 45 Comparison of methods to estimate monthlwater applied vs. estimated plant needs for the Geta
hotel

Comparison of methods to estimate monthly
water applied vs estimated plant needs for the
Moreno Valley hotel
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Figure 46 Comparison of methods to estimate monthlwater applied vs. estimated plant needs for the
Moreno Valley hotel
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Comparison of methods to estimate monthly
water applied vs estimated plant needs for the
Santa Barbara hotel
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Figure 47 Comparison of methods to estimate monthlwater applied vs. estimated plant needs for the &ta
Barbara hotel

We then compared our estimates of annual plantrwateded vs. irrigation water applied for all
three hotels (Figure 48). We estimate the Santh@arhotel under applies irrigation water
while the Goleta and Moreno Valley hotels apply enmater than the plants need. This could be
due to an overestimate of plant water needs, aarestimate of actual water applied, or a
combination of the two.
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Average Annual Estimated Plant
Water Needed and Irrigation Water
Applied
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Figure 48 Comparison of plant water needs and irrigtion water applied for all three case study hotels

To better understand irrigation rates between ttels, we compared the estimated water
applied per irrigated square footage along withrthmber of minutes we were told the irrigation
system operates each week (Figure 49). We noteéhbaelationship between the two values are
similar between the three hotels but the actudbgalapplied/sq. ft. and minutes applied/week
are much greater at Moreno Valley and lowest ateéSBarbara. The low values at Santa Barbara
may be due to efforts from on site gardening stdd regularly fine tune water delivery, while
the high values at Moreno Valley are likely caubgdhe improperly adjusted irrigation
controller. Despite the Santa Barbara hotel bdueginly hotel with substantial turf areas and
many other high water use plants, they are notedeasotel with the lowest water use per
irrigated area. Without data from a separate itiogemeter, it is difficult to confirm our

estimates and leaves the possibility of underesitimahe actual water used in landscapes at the
Santa Barbara hotel.
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Comparison of annual gallons applied
per irrigated square feet and minutes
irrigated per week
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Figure 49 Comparison of annual gallons applied peirrigated square feet and minutes irrigated per wek
Methods to Calculate Savings

In order to understand how specific actions to meprefficiency would affect the volume of
water needed, we used the existing Excel modett¥eldp savings calculators. Specific
variables within the WUCOLS framework that we atipalsinclude kthe species factor, and IE
the irrigation efficiency (IE).

For hotels that included landscape plants witadove 0.5 based on the WUCOLS water use
factor within a zone that otherwise contained lowater using plants (University of California
Cooperative Extension and California Departmentd/ater Resources, 2000), we considered
replacing these high water using plants with sgettiat better matched the existing water needs
of the zone. We also estimated the replacemerdgrtdia turf areas with low water use plants for
zones with mixed turf and non turf areas.

Improvements in irrigation efficiency were calceldtseparately to obtain new values for IE. For
turf zones, this consisted of replacing all spragichnozzles with water saving rotary nozzles,
resulting in a 20% improvement in IE. For non whes, we considered the conversion of the
existing spray heads to either rotary nozzlessimgle and durable drip irrigation system. All
retrofit scenarios included the application of niulo all non-turf areas as an essential piece of
any water conservation strategy. While this prevdéim¢ independent cost assessment of drip or
rotary nozzle retrofits without mulch, this wouldtrbe a realistic retrofit scenario and is not
considered here. Both drip systems and rotary eezzhve an expected lifetime of 10 years
while mulch has an expected lifetime of 3 years.

These factors were adjusted separately using skfferent scenarios to document savings

potential from separate actions, as seen in Tehl&l@te that all scenarios do not apply at all
hotels due to only the Santa Barbara hotel hawirfghat we recommend retaining. Calculated
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species factor and irrigation efficiency for eacieh and retrofit is shown in Table 74. Note for
these that a lower species factor requires lessnaatd a higher irrigation efficiency results in
less water waste.

Table 73 Irrigation retrofit scenarios at three cag study hotels and effective changes to irrigatioefficiency

Vegetation Retrofit Irrigation Efficiency Retrofit Scenarios
Non- Santa Moreno
Scenario Non-Turf Turf Turf Turf Non-Turf Turf Barbara | Goleta Valley
Existing Existing Existing Existing Existing Exiat Existing X X X
Rotary Existing
1 Existing Existing Drip Nozzles 0.9 IE *1.2 X X X
Rotary Rotary Existing Existing
2 Existing Existing Nozzles Nozzles IE *1.2 IE *1.2 X X X
High water plants
replaced with low Rotary Existing
3 water use plants Existing Drip Nozzles 0.9 IE *1.2 X X
High water plants
replaced with low Rotary Rotary Existing Existing
4 water use plants Existing Nozzles Nozzles IE *1.2 IE *1.2 X X
High water plants | Turf removed
replaced with low from mixed Rotary Existing
5 water use plants zones Drip Nozzles 0.9 IE*1.2 X
Existing but add Add Existing
6 mulch Existing Mulch Existing IE *1.2 Existing X X X
High water plants
replaced with low
7 water use plants Existing Existing Existin Exigtin|  Existing X X

Table 74 Retrofit scenarios and values for speciéactor and irrigation efficiency for case study hoels

Santa Barbara Goleta Moreno Valley
Retrofit Species Irrigation Species Irrigation Species Irrigation
Scenarios Factor (ks) Efficiency (IE) Factor (ks) Efficiency (IE) Factor (ks) Efficiency (IE)
Existing 0.62 0.62 0.52 0.60 0.50 0.54
Scenario 1 0.62 0.86 0.52 0.90 0.50 0.90
Scenario 2 0.62 0.75 0.52 0.75 0.50 0.75
Scenario 3 0.55 0.86 - - 0.49 0.90
Scenario 4 0.55 0.75 - - 0.49 0.75
Scenario 5 0.51 0.86 - - - -
Scenario 6 0.62 0.73 0.52 0.72 0.50 0.66
Scenario 7 0.55 0.62 - - 0.49 0.54

For each hotel, the results from the retrofit sce@saare presented in Tables 75-77, with the
chosen retrofit in bold. Tables include existingl gmojected water use and percent savings, total
cost of retrofit and cost per gallon saved, savigs the retrofit lifetime, and estimated

payback period at current water rates. This allfaws comparison of the relative resource
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savings, cost, and value of each retrofit optioe. &¢pect that often retrofits will not be
evaluated using only economic considerations obpek period. Other capital improvement and
maintenance projects will compete for limited inwesnt dollars, staff time needed to implement
and whether retrofits can be implemented over timag be considered, as will how the retrofits
fit into emerging corporate efficiency programsgdmoader long term strategies may also be
considered. We hope the savings projections fdn egtcofit provide a guide for overall cost
effectiveness to factor into decision making.

While some payback periods were quicker, we chasa&io 1 for each hotel as the
recommended retrofit. Recommendations for eacH a@tee for conversion to drip irrigation,
addition of mulch, and addition of a rain sens@c&mmendations for rotary spray heads are
included for turf zones in Santa Barbara but ateasadeal for shrubs as drip irrigation. Mulch
offers the quickest paybacks of all retrofits arger water savings are accomplished with
addressing the irrigation system. For all hotélesé conversions could take place all at once or
zone by zone depending on resources. While we syad@fic recommendations for turf and
non turf areas, in some cases, specific zonesoiotturf areas might be best converted to drip
while others converted to rotary nozzles. Drip eyst are best for plantings with large
perennials and rotary nozzles would be more effedtr zones with extensive groundcover and
root zones. For the purposes of comparing diffeireigation methods to understand savings
potential, we did not consider each zone separatalgpt to differentiate between turf and non
turf zones. If investments are to be made in impr@vrrigation efficiency, some mix of drip and
rotary nozzles may be appropriate.

Table 75 Savings and cost effectiveness of retroéiptions for the Santa Barbara hotel

Total
Projected Water | Cost after | Cost/Gallon Payback
Water Use | Water Saved | Saved Rebate Saved after Lifetime Period
Scenario | (Gallons) (Gallons) (%) (%) Rebate ($) | Savings ($)| (years)
Existing 512,487 - - - - - -
Scenario 1| 395,127 117,360 22.90% $5,947 $0.05 $3,498.71 6.30
Scenario 2 420,497 91,990 17.95% $4,680 $0.05 $592 6.32
Scenario 3 377,209 135,278 26.40%% $7,947 $0.06 4689 7.51
Scenario 4 398,996 113,491 22.15% $6,680 $0.06 58212 7.31
Scenario 5 312,045 200,442 39.11% $9,947 $0.05 8%66 6.31
Scenario 6 427,167 85,321 16.65M $7472 $0.01 $16849. 0.97
Scenario 7 483,789 28,699 5.60% $1,000 $0.03 -8P29.  3.89

For the Santa Barbara hotel, many retrofits hadaimayback periods despite different costs
and lifetime savings. The drip system was seledtegto the high cost of water and many long
and narrow zones which are ideal for drip. Consitien should be given for a separate
landscape meter to be installed. Besides beingtalidetter track landscape water use, separately
metering will eliminate sewer charges from landgcajpter (Santa Barbara County Water
Agency, 2009c), reducing the cost of water movimgveird. However, meter costs, connection
charges, and trenching should be discussed diredthythe City of Santa Barbara, and future

city plans for extension of recycled water lineswdd be discussed.
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Table 76 Savings and cost effectiveness of retrofiptions for the Goleta hotel

Water Projected Water | Total Cost Cost/Gallon Lifetime Payback
Use Water Saved | Saved after Saved after Savings Period
Scenario | (Gallons) (Gallons) (%) Rebate ($) Rebate ($) (6] (years)
Existing 225,771 - - - - - -
Scenario 1| 148,792 76,979 34.10% $3,785 $0.05 $2,761 5.78
Scenario 2| 176,492 49,279 21.83% $1,342 $0.03 $4,09 247
Scenario 3 - - - - - - -
Scenario 4 - - - - - - -
Scenario 5 - - - - - - -
Scenario 6| 188,143 37,629 16.6706 $656 $0.02 $1,002 1.19
Scenario 7 - - - - - - -

The Goleta hotel has the fewest retrofits to chdias®a because they generally have only low
and medium water use plants. Scenario 6 has tloegtipayback period but has a much shorter
lifetime of 3 years. Scenario 2 also had a quigikiback period than the recommended
Scenario 1 but was not chosen for a few reasorst, Riany zones are long and narrow which is
ideal for drip but is difficult for sprinklers inegeral to avoid overspray outside the zone and
provide a uniform application of water. Second,esémate that the price of water for the Goleta
hotel has a greater likelihood to increase thaeradstricts. The Goleta water district has the
lowest price of water in the South Coast region @mels not have an effective tiered rate
structure in place, unlike most other districtsdaidnally, recent news about financial

difficulties due to increased customer conservaltias led to significant revenue shortfalls
(Preston, 2010) and increases the uncertaintyeofdinrent pricing model in the future. The low
cost of water for non-critical commercial irrigatiappears to be a potential target for increases.
Either across the board increases in water ratasshift to a conservation rate structure would
result in an increase to the cost of water, whiclul favor scenarios that result in greater
savings and a lower payback period that projectetbuexisting constant utility cost projections.
A mixed approach to convert some zones to dripahers to rotary nozzles may be an
alternative approach but was not modeled.

Table 77 Savings and cost effectiveness of retrofiptions for the Moreno Valley hotel

Total
Projected Water | Cost after Cost/Gallon Lifetime Payback
Water Use | Water Saved | Saved Rebate Saved after Savings Period
Scenario | (Gallons) (Gallons) ($) $) Rebate ($) ($) (years)
Existing 274,898 - - - - - -
Scenario 1 165,907 108,991 39.65% $4,484 $0.04 $21,754 1.71
Scenario 2 199,089 75,809 27.58M% $2,944 $0.04 $22,83 1.16
Scenario 3 164,683 110,215 40.09% $4,484 $0.04 7901, 1.71
Scenario 4 197,619 77,278 28.11% $2,944 $0.04 $32,8 1.16
Scenario 5 - - - - - - -
Scenario 6 222,812 52,086 18.95M $1,184 $0.02 $2,69 0.92
Scenario 7 272,894 2,003 0.73% $40 $0.02 $23,095 02 0.
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For the Moreno Valley hotel, many scenarios hadlampayback periods with excellent lifetime
savings. Scenario 1 was chosen as it is close xinmmng the water savings and benefits from
the long and narrow zones which favor drip irrigatiWhile Scenarios 2 and 4 had a quicker
payback period, the uncertainties with supply kelity and reliance on imported water provide
meaningful background to recommend scenarios tlaaimze savings. Existing stage 2 water
shortage restrictions due to drought provide feaggr flexibility and reduced likelihood of
runoff which can result in fines for non compliar{&astern Municipal Water District, 2010).
Lastly, landscape water pricing was shifted teeeetil rate in 2009 with steeply increasing costs
for use greater than budgeted. Maximizing efficieiscthe most effective way to reduce the
marginal cost increases of pricing within the higtiers. Examining two monthly bills for the
irrigation account shows the Moreno Valley hoted Bagnificant use in the Excessive and
Wasteful tiers since the inception of tiered rdfieable 78) which presents opportunity for
substantial cost savings.

Table 78 Irrigation water use (HCF) for two monthsat the Moreno Valley hotel based on billed data

Tier 2 Tier 3 Tier 4
Cost/ HCF $2.71 $4.86 $8.90
Bill Date | Days | Total Outdoor Use| Outdoor| Excessivelse | Wasteful Use
6/15/2009 29 213 57 29 127
12/16/2009] 32 98 42 21 35

Calculating Electricity Needed by Landscaping

Landscape irrigation typically uses existing waterssure to deliver water through the system
without additional inputs of pressurizing, heatingother processing that would contribute
significant amounts of electricity or natural gaghe end use of irrigation water. There is a
small amount of electricity used by irrigation catiers and valves that we considered for our
case studies. Where problems with inadequate peessaur, booster pumps electricity use
should also be accounted for but were not usedubgase study hotels. We used the irrigation
controller model to identify the voltage and amerand daily hours of operation for controllers
and valves to estimate the number of kWh of eleityrconsumed by the irrigation system and
annual cost of operation using:

AnnualCost ([ (Voltage* Amps DallyHrsOperatedJ* 365+ Cost($)j

1000# Valved Controllers Kwh

The irrigation controllers at the Santa Barbarahloave been non-functional since the middle of
2009 but estimated electricity requirements fostéhmodels are included. Irrigation valve types
were not recorded during the audit process so Bpetéctricity demand of valves was estimated
using specifications for valves using models frév@ $ame brand of irrigation controller (Table
79). With the controllers for the Goleta and Morafailey hotel being sufficient to operate

either the existing or planned retrofit systemetextrical savings are expected for these hotels.
We recommend the Santa Barbara hotel purchasenatadl a modern weather based irrigation
controller, which will result in projected annudéetricity costs in the $40-$50 range.

159



Table 79 Electricity use for irrigation systems

Estimated
Daily annual
Time of cost @
operation | Daily | Annual | $.12/kWh
Hotel Quantity Device Voltage | Amps| Watts| (hours) kWh kWh ()
Santa Barbara 6 RainJet Classic RJ46 Controller 24 0.28 6.72 24 1.0 353.2 $42.38
Santa Barbara 42 Valve 24 0.4 4. 1.57 013 115.3 13.88
Total 468.5 $56.22
Goleta 1 Irritrol MC-12E Controller 24 1.24 29.76 42 0.71 260.7 $31.28
Goleta 12 Hunter PGV Valve 24 0.2 4.9 0.77 0.04 216 $1.95
Total 276.9 $33.23
Moreno Valley 1 Hunter ICC Controller 24 1.5 36| 24 0.9 3154 $37.84
Moreno Valley 14 Hunter PGV Valve 24 0.37 8.88 3L.9 0.2 87.4 $10.48
Total 402.7 $48.33
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Appendix G: Detailed Resource and Retrofit Costs

Ice Machines

Ice machine use could not be partitioned out bytindRather, it was assumed that ice machines
operated at 75% of capacity across the year (B&éds and Electric Company, 2006). As ice
machines do not consume hot water, only electranity water costs were modeled. The water
rate per 1000 gallons was averaged across thereuesit 24 months of billing periods. Monthly
electricity utility costs were averaged over thestnecent two complete years of billing (2007
and 2008). Purchase costs for an energy efficemineercial ice machine replacement were
assumed to be $3905.00 (United States EnvironmBnt&bction Agency and United States
Department of Energy, 2008a). Expected lifetimarmmice machine was assumed to be seven
years (United States Department of Energy, 2009f).

In 2009, Southern California Edison offered a \grad rebate packages for commercial ice
machine purchases, outlined in Table 81. CEE Tieelmachine heads require an upper bound
on electricity use of 9.23-0.0077H kWh/100Ibs icel ¢ess than 25 gallons of water/100lbs of

ice for harvest capacities less than 450lbs/day6a2@-0.001H kWh/100Ibs ice and less than 25
gallons of water/100lbs of ice for harvest capasitjreater than 450lbs/day (where H represents
harvest capacity). Tier Il ice machine heads rexjan upper bound on electricity use of 8.72-
0.0073H kWh/100Ibs ice and less than 20 gallonsaiér/100Ibs of ice for harvest capacities
less than 450Ilbs/day and 5.86-0.0009H kWh/100kaid less than 20 gallons of water/100lbs
of ice for harvest capacities greater than 4508ys(€onsortium for Energy Efficiency, 2005a).

Ice machine upgrades were modeled assuming agréameiCEE Tier Il standards. The
relevant rebates were subtracted from the assunmetigse price and the resulting initial cost
was then subtracted from the time discounted tifetcost of the ice machine upgrade. Available
rebates are presented in Table 80.

Table 80 Rebates available from SCE for commerciate machine upgrades in 2009.

CEE Tier
Harvest Rate (pounds/day 1 11
200-300 $ 50.00%$ 100.0d
400-500 $ 75.00$% 150.00
500-1000 $ 12500$ 250.00

Source: (Southern California Edison, 2009b)

Domestic Fixtures

Toilet, faucet, and shower fixture uses were matlatxording to historical monthly occupancy
and staffing trends. Monthly electricity and natgas utility costs were averaged over the most
recent two complete years of billing (2007 and 20U8ater utility costs were obtained from the
most recent 24 months of billing history.

Installation costs for toilet upgrades were assutodike $250/toilet based on prior projects
involving large scale toilet replacements in sotth@alifornia (Kim O'Cain, City of Santa
Monica, 2010). Installation of faucets and showadhepgrades were assumed to be conducted
by hotel maintenance staff and therefore coststaiiation would be captured under normal
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maintenance costs. Table 82 shows the fixturefiesr@commended to our hotel case studies
along with initial purchase and installation costsl available rebates.

The relevant rebates were subtracted from the as$yorchase price and the resulting initial
cost was then subtracted from the time discouritetirhe cost of fixture upgrade. Showerhead
and faucet expected lifetimes were assumed torbgetars (United States Department of
Energy, 2009f). Expected lifetime of a toilet wasw@amed to be 20 years (California Urban
Water Conservation Council, 2009a). Fixture upgsagerchase and installation costs, and
rebates are presented in Table 81.

Table 81 Fixture retrofit recommendations, initial costs, and available rebates.

Fixture Type of Upgrade Cost/unit |Installation Rebate
Toilet 1.28 gpf $ 236.00| $ 250.00| $ 200.00
Faucet 0.5 gpm aerator $ 1.80|9% - | $
Shower 1.75 gpm $ 37.00| % - |$

Dish Washers

Dish washer use could not be partitioned out bytimdRather, it was assumed that dish washers
ran one cycle/day for the Moreno Valley hotel and tycles/day for the Goleta hotel

(Contreras, 2010). The natural gas rate per thearekectric rate per kWh were averaged across
the most recent 24 months of billing periods. BRase costs for an energy efficient commercial
dish washer replacement were assumed to be $60@Xxp6cted lifetime of a dish washer was
assumed to be ten years (United States Environihféraeection Agency and United States
Department of Energy, 2008b).

Ice machine upgrades were modeled assuming agreamerENERGY STAR requirements.
For the dish washers at our hotel case studiesetbeant energy and water consumption
thresholds for an efficient ENERGY STAR upgrade@gekW idle rate and 1.70 gallons/rack,
respectively (United States Environmental ProtecAgency and United States Department of
Energy, 2008b).

Washing Machines

Ozone washing systems were recommended for a# tifreur case study hotels. Further, a
management practice to discontinue triple shedtetus was made to the Santa Barbara hotel.
Ozone washing systems can be installed at an assashef $16,320 and reduces the
consumption of hot water per cycle down to 5% (@e@n, 2010). Ozone systems were assumed
to have an average life expectancy of 15 years @luiiternational, Inc, 2009).The triple
sheeting management practice comes at no addittosalyet can save natural gas, electricity,
and water consumption by one-sixth.

Monthly electricity and natural gas utility costen® averaged over the most recent two complete

years of billing (2007 and 2008) for all hotels. Mfautility costs were obtained from the most
recent 24 months of billing history.
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Pools and Spas

Retrofit recommendations for hotel pools and spessisted of energy efficient variable speed
pumps, efficient water heaters, reduced pool puoydj and cover systems. Table 82
summarizes the retrofit upgrades and associatdd. dofe expectancies were assumed to be 10
years. The natural gas rate per therm and eleeatiecper KWh were averaged across the most
recent 24 months of billing periods. The watee @ér 1000 gallons was averaged across the
most recent 24 months of billing periods for thdésmand Santa Barbara hotels. The water rate
for the Moreno Valley hotel was averaged over 20@®thly billing history because of a
outdoor water use rate change that took place tfcfiscal year 2008. Sewer rates were
included in the water rate used for the Santa Barbatel because only one water meter is
located on site. Outdoor water use rates were graglto calculate water costs for both the
Moreno Valley and Santa Barbara hotels. Reducetmoup operation hours were assumed to
come at no additional cost.

Table 82 Pool and spa retrofit costs

Retrofit Cost Source
Pool Cover $ 229.99 http://www.lesliespool.com
Spa Cover $ 21.99 http://www.lesliespool.com
Variable Speed Pump | $ 1,250.00 http://www.h2opoolproducts.com
Efficient Water Heater | $ 1,699.99 http://www.lesliespool.com
Irrigation

Irrigation water for the Moreno Valley hotel is tielred via an independent landscape meter,
allowing for a more accurate assessment of waterWaiter rates at Moreno Valley changed
drastically from a uniform rate to tiered rate egng in 2009. We used the 2009 rates to
account for existing cost moving forward. The Galeobtel also has a separate irrigation meter
and for this and the Santa Barbara hotel, we aeeragter rates across the most recent 24
monthly billing periods. For the Santa Barbara habtere is no separate irrigation meter so any
water used in landscapes also has costs assowiditesewer fees even though this water does
not make it into the sewer. Monthly electricity toowere averaged over the most recent two
complete years of billing (2007 and 2008) for altdis.

Retrofits varied slightly at all hotels but wersased to have a 10 year life expectancy for the
technological components. Mulch is recommendedeth éotel and does have a shorter life
span (~3 years before breaking down) but only initists are included here. Costs for retrofits
to drip irrigation were calculated based on sqii@ogage of each landscaped area, providing one
run of drip for each two feet of width and emittptaced every foot. The different costs and
retrofit recommendations are shown below in TaB@85.
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Table 83 Moreno Valley hotel retrofit costs

Retrofit Quantity |Cost/Unit |Total Cost | Source
114 cubic http://www.santabarbaraca.gov/Recycling-
Mulch yards $10.00 $1,143.58 | Trash/pdf/Mulch.pdf
Drip system* 5028 feet $3,300.81 Aqua Flo Supflgleta
Rain Sensor 1 $40.00 $40.00 Agua Flo Supply, Goleta
Rebates $0.00
Total $4,484.39

*Drip system includes 1/2" poly drip line, pressammpensating emitters, fittings, stakes, and émhezone,
pressure regulators, filters, and backflow devices

Table 84 Goleta hotel retrofit costs

Retrofit Quantity |Cost/Unit |Total Cost | Source
127 cubic http://www.santabarbaraca.gov/Recycling-
Mulch yards $10.00 $1,271.30| Trash/pdf/Mulch.pdf
Drip system* 5324 feet $3,435.25 Aqua Flo Supfdgleta
Rain Sensor 1 $40.00 $40.00 Aqua Flo Supply, Goleta
Rebates -$1,000.00 Goleta Water District
Total $3,746.55

*Drip system includes 1/2" poly drip line, pressammpensating emitters, fittings, stakes, and émhezone,
pressure regulators, filters, and backflow devices

Table 85 Santa Barbara hotel retrofit costs

Retrofit Quantity |Cost/Unit |Total Cost | Source
148 cubic http://www.santabarbaraca.gov/Recycling-
Mulch yards $10.00 $1,483.89| Trash/pdf/Mulch.pdf
Drip system* 5195 Feet $4,378.44 Aqua Flo SupBlyleta
Rotary Nozzles 167 $6.50 $1,084.83 Ewing Irrigati®anta Barbara
Rebates -$1,000.00, City of Santa Barbara
Total $5,947.16

*Drip system includes 1/2" poly drip line, pressammpensating emitters, fittings, stakes, and émhezone,
pressure regulators, filters, and backflow devices

164




Appendix H: Rate Increase Comparisons and Summary

In the interest of discerning what impact increasgldy rates would have on our retrofit
recommendations, cost saving calculations werepadd using water, natural gas, and
electricity rates that increased at a rate of 508p,land 15% annually. The calculation used to
determine the future value of the utility costs was

L
FV = rate(L+it),

t=1

wheret represents yeark,represents the expected lifetime of the retrofépresents the rate at
which the utility rate increases annually, aatk is the utility rate per unit. Future values were
then discounted to present value using:

FV
V= -,
(L+ discoun)

wherediscountis the annual rate of discount (3.2%).

For the Goleta hotel, payback period for the fdagietrofits was shifted forward by a range of
0.1 years for faucet retrofits to more than sewesry for laundry retrofits when the constant
utility rate model is compared with the 15% lingaricreasing model. Retrofit options that were
unfeasible under the constant utility rate modelamed unfeasible under the linearly increasing
utility model with the exception of laundry. Undée 15% rate increase scenario, laundry
retrofits nearly provide a feasible payback for @aeta hotel.

Likewise, retrofits that were unfeasible for thenaBarbara and Moreno Valley hotels under
the constant utility model remained unfeasible urtde linearly increasing utility model.
Therefore, retrofit feasibility scenarios for obirde case study hotels are believed to be
relatively insensitive to utility increases rangiingm 5% to 15% annually. Thus, the constant
utility rate model is believed to adequately captatural gas, water, and electricity rates
through time. Tables 86 through 88 summarize fieéirhe costs, savings from retrofits, and
payback periods for feasible upgrades for the @msttility rate model and linearly increasing
utility rate models respectively.
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Table 86 Summary of lifetime retrofit savings and payback riod for four different utility rate projection sc enarios for the Goleta hotel

Utility Projection Scenarios
Constant 5% Annual Increase 10% Annual Increase 15% Annual Increase

End Use Retrofit | Savings | Payback (yrs) | Savings | Payback (yrs) | Savings | Payback (yrs) | Savings | Payback (yrs)
Toilets -$21,857 80.0| -$21,036 71.7] -$18,235 53.3| -$15,434 42.5
Showers $2,915 55| $3,582 50| $5,137 41| $6,692 3.5
Faucets $10,246 0.2| $11,310 0.2| $13,789 0.1| $16,268 0.1
Dish Washer Efficient upgrade not applicable

Ice Machines Efficient upgrade not applicable

Laundry -$4,993 21.6| -$3,717 194 -$116 15.1] $3,485 12.4
Irrigation $2,761 58| $3,428 52| $4,984 43| $6,540 3.7
Pools and Spas | $53,067 0.8| $58,971 0.8| $72,729 0.6| $86,488 0.5

Table 87 Summary of lifetime retrofit savings and payback griod for four different utility rate projection sc enarios for the Santa Barbara hotel

Utility Projection Scenarios

Constant 5% Annual Increase 10% Annual Increase 15% Annual Increase

End Use Retrofit | Savings | Payback (yrs) | Savings | Payback (yrs) | Savings | Payback (yrs) | Savings | Payback (yrs)
Toilets $30,679 11.9] $39,125 10.7| $67,953 7.9| $96,782 6.3
Showers $9,624 3.8| $10,774 3.4| $14,295 2.8| $17,816 2.4
Faucets $7,697 0.4| $8,510 0.3] $10,406 0.3]| $12,302 0.2
Dish Washer Not present

Ice Machines -$5,795 30.7| -$5,641 28.1] -$5,330 24.1| -$5,018 21.1
Laundry $49,701 3.7| $57,138 3.3| $78,126 2.6 $99,114 2.1
Irrigation $3,499 6.3| $4,459 5.7| $6,705 4.7 $8,949 4.0
Pools and Spas | $125,340 0.6 | $138,986 0.6 $170,791 0.5| $202,595 0.4




Table 88 Summary of lifetime retrofit savings and payback griod for four different utility rate projection sc enarios for the Moreno Valley hotel

Utility Projection Scenarios

Constant 5% Annual Increase 10% Annual Increase 15% Annual Increase
End Use Retrofit | Savings | Payback (yrs) | Savings | Payback (yrs) | Savings | Payback (yrs) | Savings | Payback (yrs)
Toilets -$58,346 628.5 | -$58,131 565.1 | -$57,397 420.4 | -$56,663 334.7
Showers -$3,035 31.6 | -$3,250 37.3 | -$2,993 30.7 | -S2,737 26.1
Faucets $1,460 1.7 $1,263 1.5 $1,584 1.2 $1,905 1.0
Dish Washer -$5,002 60.1 | -$4,853 52.3 | -$4,606 43.0 | -54,359 36.6
Ice Machines -$6,596 52.6 | -$6,603 529 | -$6,435 453 | -$6,267 39.7
Laundry -$7,078 26.5 | -$6,037 23.8 | -$3,100 18.5 -$162 15.2
Irrigation $21,790 1.7 | $19,943 1.8 | $25,212 1.5 | $30,481 1.3
Pools and Spas $31,202 0.9 | $34,702 0.8 | $42,860 0.7 | $51,018 0.6
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Appendix I: Error and Confidence

In statistical prediction and modeling of chandeere is always inherent error as well as error
added in analysis. Our analytical error stems fumertainty in actual water end use (except for
landscaping water use, only total facility watee urs known through billing data) in our case
study hotels, and the assumptions used to moderwae. As Figures 50, 51 and 52 show, our
model ranges from fairly close to metered wateraigbe Moreno Valley hotel to as much as 3
million gallons less than actual annual water us®amta Barbara hotel according to billing
history. The peak in actual water usage in the semmonths suggests an increase in water use
due to higher occupancy during the peak touriss@ea the summer. It also could be indicative
of increased water use for landscaping in the suminosvever workers maintain that the
irrigation zones were watered the same amountr# throughout the year.

500,000 Goleta Hotel Predicted vs. Actual Water Use
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Figure 50 Modeled versus actual Goleta hotel watarse



Santa Barbara Hotel
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Figure 52 Modeled versus actual Moreno Valley Hotelater use

A large source of variation comes from mismatctdang averaging of data. Often times
collecting water, energy, natural gas, and occuparformation resulted in non-overlapping
data sets or instances in which some informatios mvare complete than others (for example
three years of occupancy information and 1.5 yehvgater use for the same hotel). As a result,
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our analysis averaged all data available in ord@roduce the best approximation of normal
usage. However being that at best we received 13 ydautility and occupancy information, and
more often we received much less; it's natural wigt the small amount of available data the
variance between the mean of our monthly water alatbmodel based on averaged data will be
large. As Figure 53 below shows, the yearly varratn water use is in some cases as large as
the discrepancy between our modeled hotel wateandehe actual water use.

Figure 53 change in actual monthly water use versysercent difference in modeled use
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Secondly, while our model attempted to include nmaafor water usage, a small portion of the
discrepancy between our model and actual use cattridmited to water leakage and
“miscellaneous” — a category which equaled 6 pdro&the total hotel water use in Ploeser et
al.’s survey of water use at seven hotels, inclgaine in Ventura, California. Possible
inclusions in this category could be related to@xtater use from cleaning guest rooms and
facility areas, as well as use associated witherenice and events at the hotel for which guests
do not stay overnight.

Finally, our modeled hotel water use deviates femtual water usage in part because we
designed it using deliberately conservative assiomgt It is because of this we would expect
our modeled usage to generally conform to the niprtiange in actual usage, but always be
less than the actual usage — an expectation whgehds 50, 51, and 52 above validate.

A close but conservative estimate to water usagapsrtant because it helps produce
confidence in our calculations of energy usagedhatased on modeled water use, such as
natural gas used for heating water, and energy taspbduce, sanitize, transport, and treat
waste water. See relevant appendices for confidenagsumptions governing water-related
direct electricity use related to laundry machinesl pumps, and dishwashers.

In sum, while our analysis deviates from our cdsdyshotels’ actual water use, our
conservative assumptions regarding end use hawstently caused us to consistently under-
predict water usage across all three case stud@yshout within the boundaries of the percent
change in actual yearly water use based on bitlatg.
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