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California Hydrologic Characteristics
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- 2/3 of Precipitation in North
- 2/3 Demand in the South
- Mediterranean climate
- 80% of precipitation
between late November and
early April
- majority of water use in
summer

-Water Use: 43 maf

- 9 maf Urban
- 34 maf Agricultural

- Energy Use:

48,000-50,000 GWh; 4,300 MTh
- Population by 2030:

48 million

- 2030 Water Demand:

50 maf
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California Seawater Desalination Projects (18)

10 Northern California, 8 Southern California Proposed
- Y4 to 50 MGD Capacity, $2.75/k gal - $5.12/k gal ~4700kWh/acre-f

Proposed
Seawater
Desalination
Plants in
California

San Francisco Bay
Area Regional Plant

LEAD Project (Crockett)
San Rafael (Marin)

Santa Cruz

Moss Landing/Monterey
Bay Regiconal Project
Marina Coast Water District

Sand City

Cambria

Playa Del Rey

El Segundo

Long Beach
Huntington Beach
Dana Point
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California Electricity in Water

CA Statewide: Annual Electricity
Demand Associated with Water
Consumption?

Large scale
supply projects

Local
water
Utilities agencies
End-use
energy input
(Res, Com. Ind) Groundwater

pumping and
other ag sector

Total: ~54,000 GWh/yr



The Infamous 20%

California Statewide Electricity Use
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Statewide groundwater pumping accounts for more electricity use
during summer months than pumping for the state’s three largest water
conveyance systems - SWP, CVP and CRA - combined.

2010 Statewide Energy Use by Water Supply and Conveyance Systems
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Note: A total of 17 supplies are represented on this graph; 12 of them do not contribute
significant energy use and are not labeled for clarity
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Energy Intensity and Embedded Energy are two terms that are key to
understanding the Water-Energy nexus

» Energy Intensity (EI) Illustrative Energy Intensity

Calculation for a Pump

— The average amount of energy needed to transport
or treat water or wastewater on a per unit basis
(kilowatt hours per acre-foot of water [kWh/AF]).

— The energy intensity i1s assoclated with a particular
facﬂlty and is similar to a measure of Effmle:nc:}r. Water

E = Energy F = Flow

— The energy intensities of individual facilities within
a water agency can be aggregated to ]:'E‘pI'ESEI’lt the El — E
energy intensit}r of water suppl}r. -

Energy Em in Water
” eIgy bedded E Embedded Energy
— The amount of energy that is used to collect,

convey, treat, and distribute water to end users,

i . ]
and the amount of energy that is used to collect S Potable Water
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System

and transPDIt wastewater for treatment pril:lr to
safe discharge of the effluent.

Customer

Wastewater

— Captures the entire energy picture both upstream System

and downstream of an end use customer.

il

— Embedded energy is not associate with a particular Energy Use = Embedded Energy
facility but with the water itself. X




Energy intensity of water supply is calculated aggregating energy and
water data for each agency.

» Energy data may be available for each individual facility, water flow data may be
available only for groups of faculties

.
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Indirect, or "Embedded” Energy (Upstream & Downstream
~ — .of EndUse) = Direct Fnergy Use by Water & Wastewater _ _

s Wholesale Water Systems

Supply &
Conveyance

Retail Water & Wastewater

Water Treatment Water Distribution

Recycled Water Recycled Water
Treatment Distribution

Wastowater
Treatment

Wastewater
Collection

Discharge

y

Source \

FespEeEEEEE

Direct End-
Use Ene

| Water End Uses:
Agricultura,

Residential,

Commaercial,

Industrial




Water-Energy Pilots ™

California Energy Commission: 19% of state electricity
production is for water-related uses, recommends
water savings included in electric utility EE portfolios

California Public Utilities Commission (CPUC) requests 4
largest investor owned energy utilities (IOEUs) to
develop Pilot programs to investigate potential
embedded energy savings. Specifically:

- IOEUs must partner with water provider
- Programs should be jointly funded

- Programs must quantify embedded energy In
water to calculate potential energy savings



California Water-Energy Pilot Program

Table 1. California Water Energy Pilot Programs.

= : Offered water audits to large commercial, industrial, and in-
stitutional customers to recommend water efficiency improvements and offered financial incentives to help offset the
cost of improvements. Types of eligible improvements included: ozone laundry systems, winery and food processing
changes. detention facility toilet and shower upgrades, and recycled water retrofit projects.

: Provided capital funding to install water conservation measures at sites that had received
prior water audits and where the customer had not yet acted to implement the identified measures.

Commercial Costomer - pH Controllers and Irrigation: Provided systems pH controllers for cooling towers and
Weather Based Irrigation Controllers (WBICs) to commercial customers with chilled water HVAC and/or large landscape
irrigation systems.

High-Efficiency Toilets - Single Family: Direct install of high efficiency toilets (HETs) to low-income customers living
in single-family residences.

High-Efficiency Toilets - Multi-Family: Direct install of high efficiency toilets to low-income customers living in multi-

family residences.

Emerging Technologies - Water Systems: Integration of real-time electricity consumption data from water pumping
into existing water system SCADA systems.

Leak Detection - Water Systems: Detailed water audits that complied with International Water Association and Amer-
ican Water Works Association protocols were completed for three water agencies. There was also an active leak detec-
tion effort for each water agency and the water agencies repaired all of the found leaks.

Landscape: Converted conventional irrigation controllers into controllers that utilize daily evapotranspiration (ETo) and
weather information to automatically and dynamically control the amount of water used for irrigation.

Recycled Water Program: Expanded recycled water use by providing capital funding for planned retrofit projects that
switched from a potable water source to a recycled water source.




Results of the Pilots e

« Water System Leak Detection program offered
the greatest energy savings potential (at
relatively low cost) among all the Pilots. :

« Detention facility projects that installed efficient t0|lets urlnals and toilet
flush timers in detention facilities generated high energy savings in a
relatively untapped market.

« Recycled water retrofit projects can offer large potable water savings, but
additional research is needed to determine the embedded energy in recycled
water treatment (which offsets energy savings from potable water).

 For the other pilots, the program costs are likely to exceed the energy
benefits.

« Additional research is needed on actual program spending, measure
lifetimes, and potential changes in end-user energy. Program cost-
effectiveness could be increased by reducing energy program funding levels
and/or targeting programs to the most energy intensive water systems water
savings.




Water-Energy Efficiency Cost Effectiveness

Four tests to measure cost-effectiveness from four different perspectives:

 — Society: The Total Resource Cost (TRC) test .“Society” defined as
Utility + Participant. Is the program cost effective from societal
perspective? A variant of the TRC that includes externalities and uses

a social discount rate.

« — Administrator: The Program Administrator (PAC) test. What are
the energy avoided costs from water saving programs?

« — Ratepayers: The Ratepayer Impact Measure (RIM) test. Is the
program cost effective from energy ratepayer perspective?

« — Participant: The Participant Test. Is the program cost effective from
water ratepayer perspective?

If programs are not proven to be cost effective to electric and gas I0EU
ratepayers, than ratepayer funds cannot be used.
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“Beyond Cost Effectiveness”

Energy Efficiency Savings must be Measured &
Verified

* Requirement: demonstrate real savings at the end of a program: for

water efficiency this will mean embedded energy savings

« Without energy intensity of supplier, wholesaler and retailer, water

savings by customers cannot be translated into energy savings

14




W-E Follow-u

» Leak Detection. The CPUC ordered the IOEUs in the state to fund
trial water system leak detection programs for evaluation. These
are currently being evaluated.

« Embedded Energy Determination and Reporting. The California
Department of Water Resources, as part of their 2015 Guidebook
for Urban Water Management Plans (UWMPs), has requested that
the states' water agencies voluntarily include energy intensity
Information in their plan submittals.

« Water-energy Calculator. The CPUC has developed a water-
energy calculator model, available on the CPUC website:
http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/Water-
Energy+Nexus+Programs.htm

that water systems can use for evaluating electric utility
Investments In water conservation programs.




Some Observations =<

L
« Determining embedded energy in water isn't as simple as it looks. The
amount of energy embedded in water depends upon, among other
things:
— the source(s) of water
— the treatment Processes
— the amount of lost water

— the efficiency of system infrastructure
— the energy to include in the determination: self generation, non IOEU energy

* Program development for joint programs is challenging. Water
systems are familiar with developing water conservation programs.
When an energy utility becomes involved this becomes more
challenging:

— determining electric utility contribution
— who the program applies to

— verification of energy savings
— consistency of energy savings




EBMUD Energy Use (kWh/MG)

Water System Normal Year | Dry Year

Supply/Conveyance 177 1,423
Treatment 156 1,610
Distribution 917 917
TOTAL 1,250 3,950

* Dry Year Scenario: Includes Mokelumne supply, supplemental water
supply, desalination, groundwater and recycled water

« Gravity Water Customers (55%)= ~ 400 kWh / MG
« Pumped Water Customers (45%) ~ 2000 kWh/ MG







Why Water Savings Programs
Are Better Than Energy Savings ¢

« Less overhead b

— Energy projects are typically run by the electric utilities. Water efficiency programs typically
deliver much more of the dollars spent in the actual on-the-ground projects.

« Water efficiency savings more permanent

— Energy efficiency tends to be much more transitory, due to the substitution (Snackwell) effect.
As population in California doubled during the last 30 years, electricity use has doubled,
whereas water use has stayed the same.

« Water efficiency saves both water and energy, energy efficiency savings save only energy

— Between 3-5% of all the electricity used in the U.S. is used to treat and distribute water (in
California the number is over 7%). That means every time you save water you also are saving
the energy that was previously used to treat and distribute that water.

— When you save energy (with a more efficient refrigerator) you only save energy, no water.
Water savings gives you double bang for your buck.




Conclusions and Recommendations

Saving water saves energy. Anytime that you save water, particularly in urban

environments, you will also save the energy - that energy that was used to
obtain, treat, and distribute that water, as well as any energy required to collect
and treat the wastewater.

Partnerships between electric utilities and water systems can benefit both. Joint
programs can allow combined water and energy audits, increased incentives for
water conservation technologies, and reduced energy use in the water sector.
The electric utility can claim energy credits as part of its energy efficiency
portfolio, and the water system gets the water savings.

Investments in water systems are likely to offer the greatest water and verified
energy savings. The California pilots found that water system leak detection
was the best program from a verified water and energy savings perspective of
any of the pilots. Other programs that improve the efficiency of the water
system (e.g., increased pump or treatment efficiency) will also provide
verifiable energy savings.

W, )

- ” ” - -

< i
> 4 <
” ”
P
- 4 . &
- —

o - - =
& — T e — >~ c— — »

AVY "',



<

WVING \M/Es ENERGY
B
S
N



