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» Decision 12-07-050: 
– Authorized the California Investor Owned Utilities (IOUs) to conduct water-energy pilots 
– Directed that three studies be conducted: 

o Study 1 - Statewide and Regional Water Energy Relationship Study 
o Study 2 - Water Agency and Function Component Study and Embedded Energy -Water Load 

Profiles 
o Study 3 - End-Use Water Demand Profile Study 

» The CPUC engaged the California Institute for Energy and Environment (CIEE) to 
manage the three studies. The team of GEI Consultants, Inc. and Navigant Consulting, 
Inc. (the Study Team) was engaged to conduct Study 1 and Study 2. 

» Both studies collected and analyzed significant amounts of water and energy data: 
– 10 years worth of water and energy data for nine large wholesale suppliers 
– One year of detailed monthly/hourly data for 20+ retail water agencies throughout California 
– Secondary analysis of additional water supplies (groundwater, recycled water, desalination, local 

surface water) 
 

In 2007, the CPUC opened a proceeding to consider if/how energy 
embedded in water should be recognized as an energy efficiency 
resource. 
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The two studies looked at different parts of the water system. 
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Illustrative Energy Intensity 
Calculation for a Pump 

» Energy Intensity (EI)  
– 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 is associated with a particular 
facility and is similar to a measure of efficiency. 

– The energy intensities of individual facilities within 
a water agency can be aggregated to represent the 
energy intensity of water supply. 

» Energy Embedded in Water 
– The amount of energy that is used to collect, 

convey, treat, and distribute water to end users, 
and the amount of energy that is used to collect 
and transport wastewater for treatment prior to 
safe discharge of the effluent. 

– Captures the entire energy picture both upstream 
and downstream of an end use customer.   

– Embedded energy is not associate with a particular 
facility but with the water itself. 

 

Energy Intensity and Embedded Energy are two terms that are key to 
understanding the Water-Energy nexus 
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» The Study Team collected 10 years 
of water and energy data from 9 
wholesale agencies to develop a 
predictive model of energy use. 
– Most of these large pumping plants 

are powered by non-IOU energy 

» Energy for water supplies not 
provided by the 9 agencies were 
added (these supplies rely more on 
IOU energy for operations) 
– Groundwater 
– Local Surface Water 
– Recycled Water 
– Desalination (Brackish and Seawater) 

 

Study 1 aimed to understand 
and quantify the primary 
predictors of energy 
consumption related to water 
supply systems 

CPUC Embedded Energy In Water Studies » Study 1 

SWP 

CVP 

LAA (LADWP) 

MWD 

CRA 

SDCWA 

SCWVD 

SFPUC 

MID 



7 ©2013 Navigant Consulting, Inc.   
E N E R G Y  

The Study Team calculated the average energy intensity of each supply 
to each hydrologic region as a first step to calculating total energy use.  
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2010 Statewide Energy Use by Water  Supply and Conveyance Systems 

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. 
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Retail water agencies use energy in multiple end uses: groundwater 
pumping, treatment, distribution, wastewater treatment, and more. 
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CPUC Embedded Energy In Water Studies » Study 2 
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» Energy data is often available for each facility within 
a water agency (sometime upwards of 100 facilities) 
– Hourly interval data – mostly for large facilities 
– Monthly energy bill data (sometimes time of use data is 

available) 

» Water data is often only available at key points in the 
system (sometimes only 5-10 locations): effluent from 
treatment plants, production by groundwater wells 
– While water utilities may have SCADA to monitor flow 

rates and pressure live, though historic data is not always 
recorded 

– Monthly water production data is regularly recorded 
– Rarely are water flow data for individual distribution 

pumps available 

» Study 2 saw many cases where detailed energy data 
was available, but water data was available only at a 
monthly level at a few key points 

» However, this does not prevent calculation of EI… 
 

Varying levels of data are available for retail water utilities; lack of 
granularity does not prevent calculation of energy intensity. 
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Energy intensity of water supply is calculated aggregating energy and 
water data for each agency. 
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Aggregating energy and water data for groups of facilities allows 
calculation of Energy Intensity by supply type. 
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Aggregating energy and water data the entire agency allows calculation 
of average Energy Intensity of water delivered by agency. 

CPUC Embedded Energy In Water Studies » Study 2 

Groundwater Wells 

Booster Pumps 

Water 
Treatment Plant 

Wastewater 
Treatment Plant 

End Use 
Customers 

DeliveredWaterTotal
UseEnergyTotalEI

__
__

=



16 ©2013 Navigant Consulting, Inc.   
E N E R G Y  

Study 2 summarized the Energy Intensity of facility types statewide. 
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Study 2 also examined energy load profiles to understand time-of-use 
of energy in the water sector. 

CPUC Embedded Energy In Water Studies » Study 2 

» Variability in data granularity across agencies and facilities makes this a more 
challenging effort, though results are still useful 

» Study 2 totaled and plotted actual energy use by each water agency by facility type 
(groundwater, distribution, treatment, etc.) 

» Only when hourly data was available could time-of-use trends be observed 

» Study 2 did not attempt to estimate the load profile of facilities for which hourly energy 
use was not available.  
– Pumping load profile depends on water demand, system storage capacity, service territory 

topology, and operation strategy 
– Monthly billed data was assumed to follow a flat load profile throughout the day 

» Study 2 developed the Water Energy Load Profiling Database to store all the data from 
the 20+ agencies in Study 2. 
– Access database available on the CPUC website* 
– Ability to look at any of the agencies for any day in 2008 
– Detailed load profile data is available in the database 
– Instructions on use are available in Study 2: Appendix C 

*http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/EM+and+V/Embedded+Energy+in+Water+Studies1_and_2.htm 

http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/EM+and+V/Embedded+Energy+in+Water+Studies1_and_2.htm
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Wastewater treatment plants have a relatively consistent daily load 
profile: result of the consistent indoor water demand (and thus 
wastewater production) by customers. 

CPUC Embedded Energy In Water Studies » Study 2 

Represents actual energy use by Orange County Sanitation District 



19 ©2013 Navigant Consulting, Inc.   
E N E R G Y  

Potable distribution systems can have a relatively constant daily profile 
of energy use in some cases. 

CPUC Embedded Energy In Water Studies » Study 2 
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Some potable water system operators can respond to price signals, 
adjust their operations and change their daily energy use profile.  

CPUC Embedded Energy In Water Studies » Study 2 
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Study 2 and its appendices contain other types of data (some summary, 
some detailed) that may be useful to future water-energy work. 
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» Water infrastructure in California consumes 7.7% of the state’s electricity use 

» Similarly, nationwide the amount is estimated to be 4% 

 

Aggregating the data from Study 1 and Study 2 provides an updated 
view of the California Statewide Water-Energy Connection 
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