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What You Will Learn in This 

Class 

• What is embedded energy and energy 

intensity 

• How to determine your system embedded 

energy 

• How to use embedded energy values 

• Some things to watch out for with 

embedded energy calculations and use 



Embedded Energy 

• Embedded energy is the sum of all the energy 

required to produce any goods or services, considered 

as if that energy was incorporated or 'embodied' in the 

product itself. The concept can be useful in 

determining the effectiveness of energy-producing or 

energy-saving devices and, because energy-inputs 

usually entail greenhouse gas emissions, in deciding 

whether a product contributes to greenhouse gasses. 

One fundamental purpose for measuring this quantity 

is to compare the amount of energy produced or saved 

by the product in question to the amount of energy 

consumed in producing it. 



The Infamous 20% 











Step 1:  Get Electric Billing Data for all Accounts 
                    Annual KWH Usage   

PG&E account 2010 2011 2012 2013 2014 

Production           

lift station 15,664 15,870 18,380 16,310 14,681 

WELL #14 448,211 454,088 525,935 466,694 420,080 

WELL #18 415,674 421,124 487,755 432,815 389,585 

COUNTRY CLUB TANK SITE 1,046 1,059 1,227 1,089 980 

COLLEGE FAIRFAX TANK SITE 2,330 2,361 2,734 2,426 2,184 

WELL #19 573,473 580,992 672,918 597,122 537,480 

BIG BERTHA PUMP STATION 362,511 367,265 425,374 377,460 339,759 

EAST NILES TANK SITE 80,638 81,695 94,621 83,963 75,577 

MORNING DRIVE TANK SITE 214,161 216,970 251,299 222,993 200,720 

CORNER TANK PUMP STATION 155,115 157,149 182,014 161,512 145,380 

WELL #20 391,875 397,014 459,830 408,035 367,280 

WILSON RD PUMP STATION 375,505 380,429 440,621 390,990 351,937 

Well #21 925,930 938,071 1,086,494 964,114 867,816 

PEPPER DR.TANK SIGHT 0 0 0 0 0 

LIFT STATION 11,641 11,793 13,659 12,121 10,910 

Kern Citrus Pump Station 651,967 660,516 765,024 678,853 611,048 

Treatment           

TREATMENT SITE 356,598 361,274 418,435 371,304 334,217 

BRECKENRIDGE FILTRATION PLANT 42,321 42,876 49,660 44,066 39,665 

Ancillary           

SL# 17313 536 543 628 558 502 

OFFICE 46,879 47,494 55,009 48,812 43,937 

SHOP 12,753 12,921 14,965 13,279 11,953 

SYSTEM 5,084,330 5,151,000 5,966,000 5,294,000 4,765,225 



Step 2.  Get Water Production 

Data 

    
Million Gallons per 
Year     

2010 2011 2012 2013 2014 5 year average 

Annual Water Production  3,730.1 3,846.5 4,188.6 4,222.7 4,106.0 4,018.8 

Low 3,730.1 

High 4,222.7 



Step 3.  Determine System 

Embedded Energy:  Divide 

Energy Use by Water Produced 

to Get Embedded Energy 

          kWh/MG       

2010 2011 2012 2013 2014 5 year average 

System Embedded Energy  1,363 1,339 1,424 1,254 1,161 1,307 

Treatment 107 105 112 98 91 103 

Pumping - Distribution 1,240 1,218 1,296 1,141 1,056 1,190 

Ancillary 16 16 17 15 14 15 

Low 1,161 

High 1,424 



Step 4.  Evaluate Water/Energy 

Savings Measures 

Audit Date Location 

Volume 
of Water 

Loss 
(GPM) 

Volume of Water 
Loss (GPY) 

Current 
status  Date fixed  

Description of 
Fix  

Cost of 
Fixing Leak 

($) 
kWh Saved 

Per Year 
Retail Value of 

Electricity ($/Yr) 

1/12/2015 
6" AC (Asbestos 

Cement) pipe 1 525,840         687  $137  

Comments:   lot of small leaks at O-rings, several valve leaks of about 0.5gpm 

note- kWh saved includes only treatment and supply/distribution electricity 



Uses of Embedded Energy 

Values 

• Benchmark your water system 

• Evaluate energy use within your system 

• Evaluate water conservation measures 

• Evaluate energy efficiency measures 

• Address policy issues 

• Partner with electric utilities on water 

conservation 





Embedded Energy in Water Systems: PG&E Territory 
          

  Supply Treatment Distribution Wastewater 

  (kWh/MG) (kWh/MG) (kWh/MG) (kWh/MG) 

California American Water, Monterey (1) 1,319 390 1,375 6,223 

California American Water, Monterey (2)   2,681   4,739 

City of Fresno (1)   1,264   1,724 

City of Santa Cruz (1) 1,034 325 393 1,593 

City of Santa Rosa (1) 2,384 6 512 4,541 

City of Watsonville (1)   1,608 2,129 

East Bay Municipal Utility District (1) 163 110 924 1,448 

East Bay Municipal Utility District (2) 310 220 510 NA 

North Marin Water District  (1)   2,433 NA 

San Jose Water Company (1) 1,912 129 592 2,074 

San Jose Water Company (2) 1,778 469 944 NA 

Santa Clara Valley Water District (1) 2,304 359 982 2,074 

Sonoma County Water Agency (1)   2,890   3,544 

Sonoma Valley area (1) 1,859 6 1,921 4,299 

Northern California (CEC) (1) 2,117 110 1,270 1,912 

Pacific Institute Model (1) 798 169 1,212 1,350 

Contra Costa Water District (2) 1,159 1,060 1,058 NA 

Marin Municipal Water District (2) 276 296 617 1,619 

Monterey Regional Water Pollution Control 

Agency (2) NA NA 266 1,537 

Natomas Mutual Water Company (2) 3 NA NA NA 

Semi-tropic Water Storage District (2) 963 NA NA NA 











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 



Results of the Pilots  
• 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 toilets, urinals 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. 

 





W-E Follow-up  
• 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. 

 



Another Tool – The EPA Energy Use Assessment Tool 

• Free of charge, downloadable tool based in Excel that can be  used by 

small and medium water and wastewater systems. The tool can be 

found at: http://water.epa.gov/infrastructure/sustain/energy_use.cfm 

• EPA’s self assessment checklists available at: 

http://www.epa.gov/region9/waterinfrastructure/audit.html 

• Data required 
- All plant utility data (use and cost information) by month (minimum of 12 months) for up 

to 5 years of analysis- Collect from utility bills such as electric, natural gas, water/sewer, 

fuel oil, alternative energy, and other utilities 

- Non -process information (by building) 

  - List of lighting fixtures  

  - HVAC equipment  

 - Drinking water and/or Wastewater treatment plant information  

  - Monthly treatment/discharge volumes 

  -Pump and motor nameplate data (horsepower, efficiency rating, full load amp  rating) 

  - Average motor operating amperage 

  - Process energy demand and energy consumption 

 



Some Observations 
• 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 

– The year the analysis is done 

• 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 

 





Why Water Savings Programs 

Are Better Than Energy Savings 
• Less overhead 

– 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 from the Pilots 
• 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.  

 



Conclusions and Recommendations 
• Embedded energy is a useful tool: 

– Benchmark your water system 

– Evaluate energy use within your system 

– Evaluate water conservation measures 

– Evaluate energy efficiency measures 

– Address policy issues 

– Partner with electric utilities on water conservation 

• Embedded energy value can be used to justify 

system improvements, energy efficiency 

measures, and water conservation programs that 

may not be justified on water savings alone 

 



SAVING WATER SAVES ENERGY 


