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Abstract
It is well-established that water infrastructure systems require energy to treat and deliver water to
end-users. This fundamental relationship presents an opportunity to secure energy savings
through water conservation. In a previous study, the energy savings linked to a statewide water
conservation mandate in California were found comparable in both resource savings as well as
cost-effectiveness to the energy savings achieved directly through energy efficiency programs. This
study pursues a similar line of inquiry, but at the scale of an individual city as opposed to a
statewide assessment. Los Angeles, California, serves as the case study for estimating the energy
savings secured through water conservation programs relative to energy efficiency (EE) programs
enacted in the study region. We apply three different estimates of energy intensity (EI) for the
conversion of water savings to energy savings. These applied EI scenarios are differentiated by scale
and system boundary, including: a direct assessment of EI within the water utility service territory,
an expanded boundary that includes imported water infrastructure systems, and a broader,
top-down estimate for the regional hydrologic zone. Across all scenarios, the estimated energy
savings secured through water conservation programs prove to be cost-competitive with the energy
efficiency programs enacted by the utility. When using estimates of EI with expanded system
boundaries that include the upstream energy embedded in imported water supplies, water
conservation becomes a significantly more attractive pathway for saving energy. This outcome
underlines the importance of clearly defining the water-energy system boundary of interest, both
to determine an accurate EI value, and subsequently, to design and implement cost-effective
programs that jointly conserve both water and energy resources.

1. Introduction

Energy is an integral input to the operation of water
infrastructure systems. Energy is required to deliver
safe and reliable water resources from source to
consumer, as well as to collect and treat wastewa-
ter before discharge (Sanders and Webber 2012,
Spang and Loge 2015, Chini and Stillwell 2018).
This connection between water and energy resources
presents an opportunity to secure real savings in
energy consumption and linked greenhouse gas

∗
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(GHG) emissions through water conservation pro-
grams (Spang et al 2018).

The water-energy relationship is especially
important in California, where roughly 20% of
statewide electricity and 30% of non-power plant
natural gas is consumed to move, treat, and heat
water across the full water life cycle (Klein et al 2005).
Meanwhile, California has committed to significant
goals to advance energy efficiency (EE) and GHG
abatement statewide. The Clean Energy and Pollu-
tion Reduction Act of 2015 (Senate Bill 350 or SB350)
established a target of doubling statewide EE savings
by 2030 (SB350 2015) and the Global Warming Solu-
tions Act of 2006 (Assembly Bill 32) requires the State

© 2020 The Author(s). Published by IOP Publishing Ltd

https://doi.org/10.1088/1748-9326/abb9de
https://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/abb9de&domain=pdf&date_stamp=2020-10-26
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9883-078X
mailto:fjloge@ucdavis.edu
http://doi.org.10.1088/1748-9326/abb9de


Environ. Res. Lett. 15 (2020) 114031 E S Spang et al

to reduce its GHG emissions to 1990 levels by 2020
(AB32 2006). Further, California’s arid climate and
susceptibility to drought, make water conservation
programs an additional priority concern for the State.
In fact, the recent drought of 2014–2017 led to the
first ever statewide water conservation requirement.
Under Executive Order B-29-2015, Governor Brown
required that all urban water agencies must collect-
ively reduce water consumption by 25% below 2013
levels (Brown 2015). In sum, California provides a
unique hydrologic and policy landscape for exploring
the potential to leverage water savings to secure con-
current reductions in energy use andGHG emissions.

Previous research examined this topic at the
statewide scale and estimated both the energy sav-
ings and GHG emissions reductions from the water
savings mandated under Executive Order B-29-15
(Spang et al 2018). Not only were these savings signi-
ficant from a volumetric perspective, but the analysis
suggested that these savings were cost-competitive
with existing EE andGHG reduction programs.How-
ever, to produce statewide results, the estimation
required using high-level, regional estimates of the
energy intensity (EI) for urban water provision. More
specifically, the study relied on a previous report that
consolidated EI by type of source water for each of the
10 hydrologic zones across the state (Navigant 2015a).
However, previous studies have shown that EI can
vary significantly between water agencies (Kenway
et al 2015, Chini et al 2016, Chini and Stillwell 2018,
Sowby and Burian 2018) and even within a single
water agency based on the layout and topography of
the distribution system as well as seasonal changes
in demand (Spang and Loge 2015, Finley and Basu
2020). In addition to the natural variation in the EI of
water systems based on location and scale, EI is also
heavily influenced by the definition of the water sys-
tem boundary (Kenway et al 2015, Porse et al 2020),
including the inclusion/exclusion of regional water
conveyance, local water utility infrastructure, water
end-uses (e.g. residential, commercial, and industrial
end users), and/or wastewater utility infrastructure.

Previous studies have also addressed the cost-
effectiveness of linked water-energy savings. One
study estimated the household water and energy cost
savings (both direct and indirect) from residential
appliance and fixture replacements in threemajor cit-
ies (Los Angeles, Chicago, and New York) by calculat-
ing cost abatement curves for each technology retro-
fit (Chini et al 2016). A pair of related studies looked
at 10 water utilities in California and estimated the
direct residential water, energy, and cost savings for
both technological and behavioral water conservation
interventions (Escriva-Bou et al 2015a); and, determ-
ined the optimal interventions to reduce residential
utility bills in the context of water and energy price
shocks (Escriva-Bou et al 2015b).

This study contributes to this research area by
applying three distinct system boundaries to the

estimation of EI values for a single urbanwater utility,
including: a direct assessment of EI within the water
utility service territory; an expanded boundary that
includes water conveyance infrastructure; and, the
broader, top-down estimate for the regional hydro-
logic zone. The EI for wastewater service provision
in the study region is also included. The EI related to
water end uses is not included in this study. We then
apply these three distinct estimates of EI to assess the
cost-effectiveness of securing water- and wastewater-
derived energy savings through water conservation
relative to existing EE programs deployed by the util-
ity. The cost-effectiveness comparison is based on
a calculation of cost per kilowatt-hour (US$/kWh)
saved over the lifetime of each energy saving pathway
included in the analysis, also known as the levelized
cost of saved energy (LCSE).

The water utility for our case study is the Los
Angeles Department of Water and Power (LADWP)
and the wastewater utility is the Los Angeles San-
itation and Environment (LASAN). The embedded
energy of the water and wastewater systems in Los
Angeles has been examined in this region before,
though with different aims than those presented in
this paper (Chini et al 2016; Fang et al 2015, Sanders
2016, Porse et al 2020). Porse et al (2020) recently
presented a novel model that integrates energy use
by both water utilities and households in the larger
LA County region (covering more than 100 water
agencies) to explore the influence of a range of water
sourcing and conservation scenarios on energy con-
sumption and energy intensity. Sanders (2016) estim-
ated the embedded energy of LADWP water sup-
plies with an emphasis on understanding the energy
implications of forecasted water supplies and man-
agement strategies. Fang et al (2015) published a
comparative case study of the energy and GHG foot-
prints for both LADWP and the Inland EmpireUtility
Agency with an emphasis on life-cycle-based and spa-
tially disaggregated GHG emissions factors for water
provision. While all of these studies contribute useful
perspectives on the embedded energy of Los Angeles’
water andwastewater systems, our approach is unique
in its focus on the cost-effectiveness of the energy
savings achieved through water conservation relative
to existing energy efficiency programs in the context
of varying system boundaries of the regional water
infrastructure system.

2. Methods

To understand the influence of EI estimation
approaches on the calculation of projected energy
savings from water conservation programs (and their
cost-effectiveness), we took a three-step approach.
The first step was to consolidate the EI estimates for
LADWP water provision differentiated by the three
distinct system boundaries: the direct water utility
service territory; an expanded boundary that includes
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inter-basin water conveyance systems; and, the
regional hydrologic zone. We included two EI estim-
ates of LASAN wastewater collection and treatment:
values calculated directly from data provided by
LASAN and estimates by hydrologic zone (Navigant
2015a). The second step involved collecting and con-
solidating information on the estimated cost and
performance of all the water conservation programs
implemented by LADWP from 2010–2015. Then,
using our LADWP and LASAN EI estimates from
step one, we convert the water savings to estimated
energy savings for each intervention. The energy sav-
ings from the water conservation programs are then
compared to energy savings secured directly through
EE programs enacted within the same time period by
LADWP. Finally, in our third step, we compare the
cost-effectiveness of achieving energy savings through
water conservation to EE program savings in terms of
LCSE.

2.1. Energy intensity (EI) estimates
Energy intensity (EI) represents the amount of energy
embedded within a volumetric unit of water (e.g.
represented by kilowatt-hours per million gallons, or
kWh/MG). When EI is estimated for water utilities,
it generally includes the energy required to extract,
treat, and deliver water from source to end user.
For wastewater systems, where the energy inputs for
wastewater collection and treatment are calculated
per unit wastewater for the system (also kWh/MG). EI
may also be estimated for end uses of water (e.g. res-
idential hot water heaters) as well, however this was
beyond the scope of this study.

We estimate EI for the LADWP water system
at three different scales that determine the basis
for three different EI scenarios utilized in our cost-
effectiveness analysis. The first scenario (EI1) is based
on the direct assessment of energy consumption by
all LADWP water infrastructure assets (groundwa-
ter pumps, distribution pumps, and water treatment
facilities) that are located within the LADWP service
territory (figure 1(a)). This system boundary is use-
ful for identifying the energy savings that will accrue
directly to LADWP as a result of water conservation,
since they directly provide the electricity to the water
infrastructure assets in their service territory.

The system boundary for EI2 extends from the
LADWP service territory to include all the water con-
veyance infrastructure that delivers imported water
from distant locations to LADWP (figure 1(b)),
including the State Water Project (SWP), the Los
Angeles Aqueduct (LAA), and the Colorado River
Aqueduct (CRA). The SWP and CRA are net energy
consumers as conveyance in these systems requires
a series of pump stations to deliver water to the LA
basin, from the Sacramento River in Northern Cali-
fornia for the SWP and from Lake Havasu in Arizona
for the CRA. The LAA is a net energy producer as
the water flows by gravity from the Owens Valley to

LA, passing through a series of hydropower stations
along the way. It is worth noting that the energy sav-
ings associated with reduced water conveyance may
accrue to energy retailers other than LADWP (e.g.
reduced pumping by the SWPmay save electricity for
Pacific Gas & Electric in Northern California and for
Southern California Edison in the region surround-
ing LADWP in the southern part of the State).

EI3 represents an alternative regional approach
that leverages existing EI values for all 10 hydrologic
zones in California (figure 1(c)) from an assessment
developed for the California Public Utilities Com-
mission (CPUC) water-energy program (Navigant
2015b). This third estimate is not specific to indi-
vidual water agencies, but rather a ‘top-down’ estim-
ate of EI applied to all water agencies located within
each zone. For reference, LADWP is located within
the South Coast hydrologic zone. This statewide
study also includes the long-range conveyance sys-
tems delivering to each hydrologic zone, but it does
not reflect the specific contribution of this impor-
ted water to the water supply portfolio for each water
agency within the zone (Navigant 2015b).

2.1.1. Scenario EI1
In their 2015 Urban Water Management Plan
(UWMP), LADWP provided a complete assess-
ment of the EI of their water supply infrastructure
(LADWP 2016a). LADWP performed the EI ana-
lysis in accordance with voluntary draft guidelines
established by the California Department of Water
Resources (DWR) per Section §10631.2(a) of the
California Water Code (CWC) (LADWP 2016a).
The water and energy data provided in the UWMP
covered 2010–2015 and was disaggregated by water
source and infrastructure process.

Scenario EI1 focuses on the energy consumed
by water infrastructure assets operated directly by
LADWP within their service territory, and thus, the
EI of imported water is not included in this scen-
ario. Water treatment, groundwater pumping, and
distribution pumping represent the core energy con-
suming processes within this system boundary.While
LADWP does recycle water, this portion of their sys-
temwas excluded from the analysis, since it is not dir-
ectly reused within the potable water system, and fur-
ther, not specifically targeted by LADWP in its water
conservation programs. To estimate the total EI across
the processes (groundwater pumping, all water treat-
ment plants (n), and distribution) included in EI1, we
calculated average annual values (based on data range
from 2010 to 2015) and applied a flow-weighted aver-
age across all water pathways (equation (1)).

EI1w =
[(EIgw + EIdist)Vgw] +

∑n
i=1 [(EIt,i + EIdist)Vt,i]

Vgw +
∑n

i=1Vt,i

(1)
where:
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Figure 1. System boundaries for three EI scenarios: (a) LADWP water service territory (EI1); (b) LADWP water service territory
with the SWP, LAA, and CRA imported water conveyance systems included (EI2); and (c), the 10 hydrologic zones of California,
including South Coast where LADWP is located (EI3).

EI1w = overall potable water EI value for EI1
scenario

EIgw = EI of groundwater pumping
EIdist = EI of distribution pumping
Vgw = Volume of groundwater supplied
EIt,i = EI of water treatment for each treatment

plant, i
Vt,i = Volume of treated surface water supplied

from each treatment plant, i.
To estimate the EI of the wastewater system, we

collected data directly from LASAN that included
total annual energy use by all wastewater lift sta-
tions, energy use by all wastewater treatment plants,
and total volume of wastewater collected and treated
(equation (2)). We estimated an annual average value
based on the range of data collected from LASAN,
2008–2013.

EI1ww =
(Els + Ewwt)

Vww
(2)

where:
EI1ww = overall wastewater EI value for EI1

scenario
Els = total energy use by wastewater lift stations
Ewwt = total energy use by wastewater treatment

plants
Vww = total volume of wastewater collected and

treated.

2.1.2. Scenario EI2
The potable water EI estimate for the second scen-
ario (EI2) also derives from LADWP’s 2015 UWMP
(LADWP 2016a). For this estimate, the potable water

EI systemboundarywas extended to include the long-
range water conveyance (SWP, LAA, and CRA) and
treatment systems for their imported water. Figure 2
provides an additional visualization of this extended
system boundary for EI2 relative to EI1, as well as
a representation of the main volumetric flows from
water source through use to discharge. Note that
the Jensen, Weymouth, and Diemer water treatment
plants are not included in the EI1 system bound-
ary, since they are owned and operated by LADWP’s
upstream imported water provider, the Metropolitan
Water District (MWD).

EI2 was calculated by adding the flow-weighted
averages of EI for all the conveyance systems (n) to the
LADWP service territory EI value (EI1) calculated in
the preceding section (equation (3)). As mentioned
previously, the LAA system is a net energy producer;
however, for the purpose of this study, we assume the
EI of the LAA system to be zero. This approach aligns
directly with how LADWP calculates systemwide EI.
As stated in the UWMP, the ‘energy intensity of the
LAA is not included in LADWP’s total water system
energy intensity, since the energy generated does not
directly offset the energy required for other sources of
water’ (LADWP 2016a, p 355).

EI2w =

∑n
j=1 (EIc,j)Vw,j∑n
j=1Vw,j +Vgw

+ EI1w (3)

where:
EI2w = overall potable water EI value for EI 2

scenario
EIc,j = EI of for each conveyance aqueduct, j

4



Environ. Res. Lett. 15 (2020) 114031 E S Spang et al

Figure 2. System Boundaries for Scenarios EI1 and EI2 with corresponding LADWP water system flows (MG) from source to
discharge. SWP= State Water Project; LAA= Los Angeles Aqueduct; CRA= Colorado River Aqueduct; WTP=Water
Treatment Plant; W/DWTPS=Weymouth and Diemer Water Treatment Plants. Red and blue outlines delineate the system
boundaries for scenarios EI1 and EI2, respectively. Figure derived directly from LADWP data (LADWP 2016a).

Vw,j = Volume of water for each conveyance
aqueduct, j.

The wastewater EI value for EI2 (EI2ww) is the
same as for EI1 (EI1ww) since the system bound-
ary for wastewater collection and treatment remains
unchanged.

2.1.3. Scenario EI3
The EI values for both water and wastewater in scen-
ario 3 (EI3) were obtained directly from a CPUC
report that contains statewide estimates of EI on a
hydrologic zone basis (Navigant 2015a). We used the
estimates for the South Coast hydrologic zone where
LADWP is located.

2.1.4. EI for indoor and outdoor water use
For all scenarios, when considering the integration of
water and wastewater EI values, it is important to dis-
tinguish between ‘outdoor’ and ‘indoor’ water use.
Outdoor water use generally refers to end uses where
the water is not ultimately treated as wastewater after
use. For example, water used by outdoor sprinklers
for turf irrigation is treated and delivered as potable
water to the user, but the water returns directly to the
environment rather than being collected and treated
within the wastewater system. Thus, in the case of EI
for outdoor water use (EIo), the EIo is simply equival-
ent to the upstreamEI of the potablewater system (i.e.
EIo = EIw). In contrast, indoor water use represents
all household uses where the water is directed into the
wastewater system after use, i.e. sinks, showers/baths,
and toilets. Thus, the EI of indoor water use (EIi)

includes the EI of the upstream potable water system
(EIw) as well as the EI of the downstream wastewa-
ter system (EIww). Thus, EIi = EIw + EIww. As a refer-
ence, LADWP estimated that 61% of their total water
use is for indoor use and 39% is for outdoor use in
their UWMP (LADWP 2016a), which is also reflected
in the volumetric flows shown in figure 2.

2.2. LADWPwater and energy program savings
The following sections summarize the process for col-
lecting and consolidating data on the costs and estim-
ated savings of LADWP’s water conservation and EE
programs.

2.2.1. Water conservation programs
LADWP has a strong record of achieving water sav-
ings through hardware-based (e.g. installing more
efficient showerheads) and behavioral interventions
(e.g. encouraging customers to reduce the frequency
or duration of outdoor irrigation). For our com-
parison, we consolidated data for nine hardware-
based water conservation measures from LADWP’s
2015 UWMP (LADWP 2016a). This 5 years report
provides aggregated data for measures implemented
for residential and commercial users from FY 2010/11
through 2014/15. These data include the name of the
measure, units installed, rebate costs, and estimated
water savings per year. Given the five-year aggrega-
tion of programdata for water conservationmeasures
in the report, we derived annual estimates by dividing
the total units installed as well as the total estimated
water savings by five.

5
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The estimated annual cost of water conservation
interventions was then calculated as the summation
of the annual direct costs for the utility incentives
and the overhead cost for each program. We applied
a 9% overhead cost factor based on a direct audit
of LADWP water conservation programs (Galperin
2015). Table 1 provides a summary of the estim-
ated annual water savings and utility costs for FY
2010/11 through 2014/15 by program type (commer-
cial/residential, indoor/outdoor, and specific hard-
ware installation), as well as the estimated lifespans
for the installed hardware based on a previous study
by Gleick et al (2003).

2.2.2. Energy efficiency (EE) programs
Program descriptions and performance results for
LADWP’s EE programswere primarily obtained from
annual reports that are required of public energy pro-
viders under State Senate Bill 1037 (SB1037) (Califor-
nia Municipal Utilities Association 2014). These data
include gross annual savings, units installed, incent-
ive amounts, and lifetime of individual measures.
For instances of incomplete program data, additional
data were extracted directly from the underlying EE
program reporting tool that LADWP has used to
inform its annual SB1037 reports since 2010 (LADWP
2017).

Whereas LADWP presents their water conserva-
tion program evaluation data over a five-year period,
the EE program data is presented on an annual basis.
Further, their EE program portfolio had substan-
tial variation from year to year, complicating efforts
to take five-year average data similar to the water
programs. Instead, we selected an individual year,
FY 2012/13, as the midpoint reference year to com-
parewith our annualizedwater conservation program
data. For the 2012/13 reference year, 13 EE programs
had sufficient data to complete the cost-effectiveness
analysis. Overhead costs are reported as the cost of
administering EE programs (e.g. staff salaries, admin-
istration, marketing, as well as program evaluation,
monitoring and verification (EM&V)). All these data
are presented in table 2, along with the expected
lifespan for each EE program, taken from Hoffman
et al (2015).

2.3. Levelized cost of saved energy (LCSE)
Using the EI scenarios described above (EI1, EI2,
EI3), we converted all of the water savings achieved
through the water conservation programs (table 1) to
energy savings. For water conservation programs tar-
geting outdoor water use (e.g. sprinklers), we conver-
tedwater savings to energy using the outdoorwater EI
(EIo) estimate for that scenario. For indoor water use
programs (e.g. toilets) we applied the indoor water EI
(EIi), which includes both water and wastewater EI
(equations (4) and (5)).

For outdoor water conservation measures:

ESo =WSo × EIo (4)

where,
ESo = electricity savings estimated from reduc-

tion of outdoor water use (kWh).
WSo = outdoor water savings reported by

LADWP (MG).
EIo = Energy intensity estimate (kWh/MG) for

outdoor water use.
For indoor water conservation measures:

ESi =WSi × EIi (5)

where,
ESi = electricity savings estimated from reduc-

tion of indoor water use (kWh).
WSi = indoor water savings reported by LADWP

(MG).
EIi = Energy intensity estimate (kWh/MG) for

indoor water use.
While estimating total energy savings for each

water conservation program is a necessary first step, it
is not sufficient for directly comparing the perform-
ance of various interventions. The savings achieved
by all interventions need to be normalized by pro-
gram cost, while also taking into account the expected
duration, or lifespan, of program savings. To achieve
this, we calculated the LCSE for all programs (both
water conservation and EE programs) to enable direct
comparison.

The LCSE is a concept developed in the energy
sector to account for ‘the cost of acquiring energy
savings that accrue over the economic lifetime of
the actions taken through a program/sector/portfo-
lio, amortized over that lifetime and discounted back
to the year in which the costs are paid and the actions
are taken’ (Billingsley et al 2014, p13). The inclusion
of a discount rate into the lifetime cost of energy sav-
ings raises the cost of conserved energy by discount-
ing future benefits, and it also provides a basis for
comparing cost of conserved energy formeasures that
have different lifespans (Meier 1982).

Thismetric is currently used by utilities to charac-
terize and report the costs of energy savings achieved
by the programs in their EE portfolios. Follow-
ing these criteria, the LCSE was calculated for each
of LADWP’s EE and water conservation programs
included in the study using equations (6) and (7)
(adapted from Billingsley et al 2014)

LCSE= (Ce ×CRF)/ES (6)

CRF= [d× (1+ d)y ]/[ (1+ d)y − 1] (7)

where,
LCSE = Levelized cost of saved electricity in

$ kWh−1.
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Table 3. Three scenarios of EI estimation for LADWP water and wastewater services (and outdoor and indoor water use).

Energy Intensity (kWh/MG)

Scenarios Water EI, EIw (Outdoor) Wastewater EI, EIww Total EI (Indoor)

EI1 837 1651 2488
EI2 5210 1651 6861
EI3 5947 1283 7230

Figure 3. Total energy savings (MWh) achieved by savings pathway. Pathways include EE programs for FY 2012/13 and annual
average for water conservation programs for FY 2010/11 through FY 2014/15, including both water and wastewater system energy
savings.

Ce = Cost of the electricity savings program
(or water conservation program) in US$

CRF= Capital Recovery Factor
ES= Energy savings achieved through the imple-

mented program, in kWh
d=Discount rate; assumed 4.5% (Billingsley et al

2014).
y= Estimated program lifetime in years.

3. Results and discussion

The following section presents the results of our
estimations for the LADWP indoor and outdoor EI
values across system boundary scenarios (EI1, EI2,
and EI3), the electricity savings achieved through
LADWP’s water conservation program portfolio, and
the costs of saving electricity through water conserva-
tion as compared to direct EE programs.

3.1. EI estimates
Table 3 summarizes the indoor and outdoor EI val-
ues for scenarios EI1, EI2, and EI3. The expansion
of the system boundary from the local service area
(EI1) to include all the imported water sources (EI2

and EI3) significantly increases the potable (out-
door) water EI. The results show a roughly a 6-fold
increase between EI1w (837 kWh MG−1) and EI2w
(5210 kWh MG−1) and a 7-fold increase between
EI1w and EI3w (5947 kWh MG−1). Despite similar
system boundaries for EI2w and EI3w, the hydro-
logic zone-based estimate (EI3w) is ∼14% higher
than LADWP’s own imported water estimate (EI2w).
See tables SI-1, SI-2, SI-3, and SI-4 (available online
at https://stacks.iop.org/ERL/15/114031/mmedia)
for detailed LADWP flow and EI data
used to estimate EIw values for Scenario
EI1 and EI2.

Wastewater EI estimates EI1ww and EI2ww are
equal by definition (1651 kWh MG−1), while the
hydrologic zone-based estimate (EI3ww) is ∼22%
lower (1283 kWh MG−1). See tables SI-5 and
SI-6 for detailed annual estimates of wastewater EI for
LASAN, 2009–2014.

The estimates for total EI, or indoor EI (EIi), also
show high variance between estimates, but the vari-
ance is somewhat modulated by the more consistent
wastewater EI estimates. BothEI2i (6861 kWhMG−1)
and EI3i (7230 kWhMG−1) are roughly 3-fold higher
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Figure 4. Estimated LCSE for LADWP EE (orange) and water conservation programs using EI scenario estimates (EI1, EI2, EI3).
The green portion of water conservation-based LCSE represents water system energy savings and the blue portion represents
wastewater system energy savings. Thus, green= outdoor water LCSE and green+ blue= indoor water LCSE.

than EI1i (2488 kWh MG−1); and, EI3i is 5% higher
than EI2i.

In sum, the wide variation in the EI values across
scenarios highlight the importance of clearly identi-
fying the water utility system boundaries for estimat-
ing EI. One system boundary is not necessarily better
than another, the selection depends on the how the EI
estimate will be used. In the case presented, EI1 would
be an appropriate system boundary if LADWP was
trying to calculate howmuch electricity savings could
be achieved within its core service territory. However,
if theywere seeking an estimate of total statewide elec-
tricity savings, EI2 or EI3 would be a better approach.
Meanwhile, EI2 and EI3 differ mainly in the spe-
cificity of the estimate. EI2 is likely to be themore pre-
cise estimate as it is based directly on the actual EI val-
ues for the portfolio of water pathways for LADWP,
while EI3 is a larger estimate that assumes that all
water utilities within the South Coast hydrologic zone
have a similar blend of source waters with estimated
EIs. Given the broad discrepancy in specificity, the
regional estimate (EI3) is a surprisingly decent pre-
dictor of EI for LADWP. However, it may not be
specific enough (i.e. ±5% for EI3 estimates relative
to EI2) to engender sufficient confidence to support
investments in thewater sector to secure targeted elec-
tricity savings.

3.2. Energy savings fromwater conservation
Meanwhile, average annual water savings for FY
2010/11 through 2014/15 for LADWP’s water conser-
vation programs considered in this study was approx-
imately 3720 MG; and. When these water savings
were converted to energy savings using the three
EI scenario estimates, the total energy savings from
these programs were 9017 MWh (EI1), 25 276 MWh
(EI2), and 26 698 MWh (EI3). These values represent
roughly 7.1%, 19.9%, and 21.0% of the total energy

savings achieved from targeted EE programs enacted
over a similar time period (FY 2012/13). The relat-
ive electricity savings by savings pathway (i.e. EE pro-
grams or water conservation efforts, including both
electricity savings from water and wastewater infra-
structure savings) are summarized in figure 3.

Figure 3 also demonstrates the influence of EI
geographic scale (EI scenarios 1–3) on estimated elec-
tricity savings. While the wastewater system energy
savings does not change much between scenarios, the
water system energy savings reflects the 7-fold differ-
ence between the EI1 and EI3 estimates.

3.3. LCSE of EE and water conservation programs
In addition to estimating total electricity savings
achieved by program, it is also important to under-
stand the relative cost-effectiveness of the programs
using the LCSE metric. Figure 4 summarizes the
results of comparing the LCSE of LADWP’s EE
programs to the LCSE of their water conservation
program using the three EI estimates. For detailed
data on LCSE for all programs and scenarios, see
table SI-7.

For scenario EI1 (figure 4(a)), the LCSE val-
ues for water conservation programs range between
$0.14 kWh−1 for the Rotating Nozzle Sprinkler
Head (RNSH) residential and commercial programs
and $0.78 kWh−1 for the residential High-Efficiency
Washing Machine (HE Washers) program, while the
LCSE achieved through EE programs ranges from
$0.01 kWh−1 for the Refrigerator Turn-in andRecycle
(RETIRE) residential program and the Small Busi-
ness Direct Install (SMDI) commercial program to
$0.90 kWh−1 for the Home Energy Improvement
Program (HEIP) residential program. As a refer-
ence value, the average price of electricity over the
period 2010–2015 in the Los Angeles region was
∼$0.21 kWh−1 (U.S. Bureau of Labor Statistics 2020)
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It is worth noting that the two most cost-effective
water conservation programs (and four of the top
six programs overall), only target outdoor water
savings. Thus, even though these programs do not
benefit from additional energy savings from avoided
wastewater collection and treatment, they are able
to produce highly competitive energy savings on the
upstream side of the water meter (extraction, convey-
ance, treatment, and distribution).

As expected, the LCSE of the water conserva-
tion programs decrease dramatically when using the
higher EI estimates defined by scenarios EI2 and
E13. Thus, both of these scenarios suggest even
greater cost-competitiveness of water conservation-
based LCSE with EE program LCSE (figures 4(b) and
(c)), as compared to EI1 (figure 4(a)). Under scen-
arios EI2 and EI3, LCSE values for water conser-
vation programs range from $0.02 kWh−1 to $0.13
kWh−1, and eight of the nine water conservation
programs are more cost-effective for saving energy
than six of the 12 EE programs. Across all scen-
arios, securing energy savings through water conser-
vation proves to be cost competitive with at least two
of the EE programs—the residential home energy
improvement program (HEIP) and the commer-
cial building retro-commissioning (RCx) program.
Thus, the results suggest that saving energy through
water conservation programs (except for the resid-
ential high-efficiency washing machine program) is
highly cost-competitive with direct EE programs in
the LADWP service area.

4. Conclusions

This study estimated the energy savings associated
withwater conservation programs in the LADWP ser-
vice area using three different EI estimates of outdoor
and indoor water use. We used direct estimates of EI
for LADWPand LASAN for the service territory (EI1)
and service territory with extended conveyance sys-
tem (EI2), as well as a broader regional estimate for
LADWP and LASAN’s South Coast hydrologic zone
(EI3). This comparison across EI scenarios is highly
relevant to both water and energy utilities, as well
as government agencies with mandates to sustainably
manage water supplies, achieve energy efficiency sav-
ings, and reduceGHGemissions. Thismetric is essen-
tial for calculating the energy and GHG reduction
benefits achieved per dollar invested in water conser-
vation programs.

The study results provided two key insights: that
the system boundary for determining water system
EI can have a significant influence on the cost-
effectiveness of water-based energy savings, and that
water conservation programs can be cost-competitive
(and in some cases, more cost-effective) at generating
energy savings than EE programs.

This case study of LADWP demonstrates that the
geography and topography of water utilities matter,

and that consistent data and reporting is needed for
both effective policy and meaningful comparison.
The higher EI values utilized in scenarios EI2 and
EI3 are mostly a result of expanding the LADWP
water-energy system boundary to include the lar-
ger water extraction and conveyance infrastructure
that delivers water from northern California and the
Colorado River to the South Coast hydrologic region.
Taking this broader perspective allows for the tabu-
lation of increased energy benefits per unit of water
saved in the LADWP territory. Thus, while LADWP
may not receive all the energy savings benefits of
their investments in water conservation, additional
energy savings (and associatedGHGemissions reduc-
tions) do manifest at the statewide level. These res-
ults could then inform the design of multi-party
incentive programs to offset LADWP’s investments in
water conservation, thereby rewarding them for the
extraterritorial energy and GHG benefits that would
not otherwise accrue to them as the implementing
utility. While the study does address the variability of
EI values over a range of system boundaries, we did
not have sufficient data to track temporal variation of
LADWP’s EI to capture the potential influence of sea-
sonality, changing hydrologic conditions, and other
external factors. We suggest future studies incorpor-
ate this additional dimension.

We then compared the cost effectiveness of secur-
ing energy savings through water conservation to
the costs of energy savings secured through directly
administered EE programs. To normalize this com-
parison, we estimated the LCSE for all programs.
LCSE proved to be a reliable metric for compar-
ing energy savings achieved by both the water and
energy sectors and should be utilized for the future
evaluation of projects that specifically target securing
energy savings through water conservation.

Across all EI scenarios, the results showed that
water conservation programs were largely cost-
competitive with direct EE programs. These results
corroborate previous results of a cost-effectiveness
study of statewide energy savings achieved through
urban water conservation during the recent Cali-
fornia drought (Spang et al 2018). Thus, these two
studies have converged on this same result using
analyses at two very different scales—statewide and
utility-specific. For this utility-specific study, not only
were the EI estimates downscaled for the LADWP
water system (EI scenarios 1 and 2), but we also
assessed water conservation and EE programs that
were implemented directly by LADWP within their
service territory.

At the utility level, it appears that there are oppor-
tunities to take greater advantage of energy sav-
ings through increased water conservation as well. In
the 2018/2019 fiscal year budget, LADWP allocated
more than five times more money to EE pro-
grams (∼$147.1 M) than to water conservation pro-
grams (∼$27.7 M) (LADWP 2016bb). Meanwhile,
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the Mayor of Los Angeles has set aggressive targets to
reduce per capita water use by 30% by 2035 (relat-
ive to 2014 baseline) (City of Los Angeles 2015). Per-
haps an increased allocation of EE dollars to water
conservation would provide the resources necessary
to secure these target water savings while also provid-
ing sufficient EE returns required for investment of
these funds. This conclusion is also pertinent at the
state level, where roughly $3 billion dollars per year
are available for energy efficiency investments and
GHG reduction (Kenney et al 2019, California Cli-
mate Investments 2020), but only ∼$10 M in state
funding is available for water conservation (Califor-
nia Department of Water Resources 2020). Rarely do
such ‘win-win’ (or even ‘win-win-win’) opportunit-
ies exist in resource management, and we believe that
ample opportunity exists to take greater advantage of
these leveraged savings in California and beyond.
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