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APPENDIX N: 
Tulare County’s Water-Energy Nexus 

The “water-energy nexus” has received a lot of attention since Energy Commission staff issued 

a report, “California’s Water-Energy Relationship”,249 in support of the 2005 Integrated Energy 

Policy Report. 

Prior to this report, there was a general recognition that water and energy are related. The most 

recognized relationship in California was hydropower—production of electricity from moving 

water. What distinguished the 2005 staff report from all other prior studies was the recognition 

that significant quantities of energy are used to “produce” water (for example, by pumping 

groundwater), to pump water across the state, to treat and distribute water to “end users” 

(customers), and to collect, treat, and either dispose of or recycle wastewater. Additional energy 

is used by customers during use or consumption of water (for example, for pumping or heating 

water, for cooling, for cleaning, and a wide variety of other purposes). 

Energy Embedded in Water, or Embodied Energy 

The Energy Commission staff’s estimate of water-related energy use was significant—as much 

as 20 percent of all electric use in the state—piquing the interest of state policymakers about 

the potential to save substantial quantities of energy by saving water. 

To evaluate opportunities to avoid (thereby “saving”) energy inputs to water, Energy 

Commission staff proposed a “Water Use Cycle” framework for documenting energy inputs to 

water by system or function, and then estimating the average amount of energy “embedded” in 

a unit of water at various points in the water use cycle. The average amount of embedded 

energy, typically expressed as kWh or therms per acre-foot or million gallons, is referred to as 

the “energy intensity” of a unit of water or wastewater. This simple framework provided a 

simple and transparent means for estimating the amount of energy that could be saved at 

different points in the “Water Use Cycle”. (The California Public Utilities Commission (CPUC) 

adopted the term “Water Cycle”.) 

Since 2005, other parties have evaluated opportunities to save energy embedded in water 

(sometimes referred to as embodied energy). While the initial Water Use Cycle diagram has 

adapted by other state agencies to better fit the goals and objectives of their own programs, the 

fundamentals remained: the amount of energy used to perform water and wastewater functions 

are deemed “embedded” in water, enabling programs to target reductions of energy by reducing 

water production and use. 

Recognizing that different state agencies use their own data and protocols to compute energy 

embedded in water, Figure N-1 illustrates the general approach. 

                                                 
249 Klein, Gary, et. al. California’s Water-Energy Relationship. California Energy Commission. CEC-700-2005-011-SF. 
November 2005. 
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Figure N-1:  Framework for Computing the Energy Intensity of Water 

 

Adapted from California’s Water Energy Relationship, Figure 1-1 California’s Water Use Cycle, California Energy Commission, 
CEC-700-2005-011-SF. 

Understanding water sector electric data is important for several reasons: 

1. Electric Reliability. Understanding how and when the water sector uses electricity can help 

to identify opportunities for electric reliability support. Specifically, the water sector tends 

to have significant opportunities to integrate energy efficiency, demand response, 

distributed clean/renewable generation, and energy storage into their systems and facilities. 

These four electric resources are essential building blocks for long-term electric reliability. 

2. Energy Investments in Water Programs. California’s regulated energy utilities (both electric 

and gas) have been authorized by the California Public Utilities Commission (CPUC) to 

invest energy ratepayer funds in “water-energy nexus” programs that achieve both water 

and energy benefits contemporaneously. Two key metrics determine the amount of energy 

benefit that accrues to energy ratepayers by saving (or “making”) water: 

a. Direct Energy Savings—The amount of energy that is saved by any particular 

measure or strategy while creating a water benefit, and 

b. Indirect (“Embedded”) Energy Savings, also referred to as “Energy Embedded 

in Water”—The amount of energy inputs to water resources and water and 

wastewater systems and facilities that can be “avoided” (saved) by saving 

water. 
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CPUC approved regulatory protocols are used to measure Direct Energy Savings. A CPUC 

approved methodology also governs the measurement of Indirect (“Embedded”) Energy 

in Water. Under the embedded energy methodology, energy inputs to water resources 

and to wastewater treatment are summed along all segments of the water supply chain. 

The resultant metric, referred to as the “Energy Intensity of Water”, is the amount of 

energy savings that can be claimed as “energy resources” when implementing a water 

saving strategy or measure. This metric determines the amount of energy utility 

incentives that can be invested in strategies and measures that achieve water benefits. 

3. Recycled Water. Recycled water has a special place in the CPUC’s water-energy nexus 

programs and methodology. Understanding Tulare County’s water sector energy use helps 

to compute the energy value of recycled water which then determines the amount of energy 

sector investment that can be used to help water and wastewater agencies increase the 

quantity and quality of recycled water. 

Energy Investments in Drought Resilience 

The Energy Commission’s landmark finding in 2005—that saving water in California could save 

substantial quantities of energy250—resulted in a recommendation to identify cost effective 

energy savings strategies through water efficiency and reductions of energy use by water and 

wastewater utilities.  

The Energy Commission, the Department of Water Resources, the CPUC, local 

water agencies, and other stakeholders should explore and pursue cost-effective 

water efficiency opportunities that would save energy and decrease the energy 

intensity in the water sector.251 

The purpose of computing “energy embedded in water” is to enable determining the quantity of 

energy benefits that can be achieved for energy ratepayers by investing in water sector 

strategies.  

Jurisdictional Constraints 

Each state agency is charged with accomplishing a specific mission and vision, and each must 

accomplish its goals and objectives within the constraints of its jurisdictional and funding 

constraints. The CPUC, for example, is responsible for regulating the state’s four large investor-

owned energy utilities (IOUs): Pacific Gas and Electric Co. (PG&E), Southern California Edison 

(SCE), San Diego Gas and Electric Co. (SDG&E), and Southern California Gas Co. The three 

electric utilities provide about 75 percent of the electricity used in California; the remaining 25 

percent is provided by more than 40 publicly owned utilities (POUs) that range in size from very 

                                                 
250 Klein, Gary, et. al. 2005. California’s Water-Energy Relationship. California Energy Commission. November 2005. 
Publication Number: CEC-700-2005-011-SF. 

251 California Energy Commission. Integrated Energy Policy Report. November 2015. CEC-100-2005-007CMF. 
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large (the Los Angeles Department of Water and Power serves 3.9 million customers) to very 

small (the smallest POUs serve less than 400 customers).252 

The CPUC has no jurisdiction over the state’s POUs. Consequently, its methodology for 

computing the amount of energy investment in water strategies and technologies is limited by 

the energy inputs to water and wastewater system and functions, and energy use by customers 

in using water, that are provided by energy IOUs. 

Similarly, although water and energy are related, in California the two resources have 

historically been managed separately. For example, the CPUC regulates both energy and water 

investor-owned utilities; but different rules, regulations, policies, and protocols apply. Some 

POUs provide both water and electric service; but even within those POUs, it is rare to find a 

program that seeks to optimize investments across both resources—the infrastructure, 

operations, capital improvement programs, and user rates are typically managed separately. 

Challenges to Optimizing Public Investments 

Within a traditional policy and regulatory framework that has diligently strived to keep water 

and energy separate, “optimization” of public investments that recognize and reward multiple 

benefit streams is challenging. The Energy Commission acknowledged these challenges in its 

2005 Integrated Energy Policy Report. 

Despite some efforts targeted at improving the energy efficiency of heating water, the 

state’s largest energy utilities have no authority to invest in programs that save cold 

water, regardless of whether the programs yield energy benefits. Because of the potential 

for reduced energy demand from these programs, the Energy Commission, the CPUC, 

utilities, and other stakeholders should more carefully examine investment in cold water 

savings. 

Water utilities do, of course, invest in programs that save water. Water and wastewater 

utilities also participate in programs to increase the efficiency of their operations. Given 

the interconnectedness of water and energy resources in California, the fact that cost-

effectiveness is determined from the perspective of a single utility and a single resource 

creates barriers to achieving greater energy savings from water efficiency programs. 

Water utilities only value the cost of treating and delivering water. Wastewater utilities 

only value the cost of collection, treatment, and disposal. Electric utilities only value saved 

electricity. Natural gas utilities only value saved natural gas. This single focus causes 

underinvestment in programs that would increase the energy efficiency of the water use 

cycle, agricultural and urban water use efficiency, and generation from renewable 

resources by water and wastewater utilities.253 

                                                 
252 Differences Between Publicly and Investor-Owned Utilities. California Energy Commission website: 
http://www.energy.ca.gov/pou_reporting/background/difference_pou_iou.html.     

253 2005 Integrated Energy Policy Report. Energy Commission. Publication Number: CEC-100-2005-007CMF, p.150. 

http://www.energy.ca.gov/pou_reporting/background/difference_pou_iou.html
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Although most California customers purchase electricity, gas, water, and wastewater services, 

there is no single program that seeks to optimize public investment in all four of these 

resources and utility services. 

Electric Program Investment Charge (EPIC) Triennial Investment Plan 2015-2017 

The Electric Program Investment Charge (EPIC) is funded by ratepayers of the state’s largest 

investor-owned electric utilities, PG&E, SCE, and SDG&E. The purpose of EPIC is to invest in 

clean technologies that create benefits to the ratepayers that fund the program.  

EPIC is the largest energy research and development program in California. The Energy 

Commission administers 80 percent of the fund ($162 million per year); the three electric IOUs 

administer 20 percent. The CPUC provides program oversight that includes approval of 

triennial investment plans. 

Strategic Objective S1 sought to “Improve Energy Efficiency Technologies and Strategies in 

California’s Building, Industrial, Agriculture, and Water Sectors”254 through the following types 

of applied research and development activities: 

 Improve energy efficiency technologies and strategies in California’s building, industrial, 

agriculture, and water sectors. 

 Develop and Test Advanced Industrial, Agricultural, Water and Demand Response 

Technologies and Strategies to Reduce Energy Use and Costs. 

 Advance Strategies to Reduce California Buildings’ Impact on the Water-Energy Nexus. 

The EPIC 2015-2017 Triennial Investment Plan states: 

The industrial, agriculture and water sectors are risk averse regarding new, unproven 

technologies and lack the resources to analyze and evaluate technologies at either 

bench or facility scale. However, these sectors are major energy consumers and producers 

of GHGs. 

Improvements are necessary to reduce energy waste associated with the treatment, 

delivery and conveyance of water throughout the state. Water related uses (by water 

agencies and end‐users) comprise the largest electricity demand sector in California, 

consuming nearly 20 percent of California’s electricity (or roughly 48 billion kWh/year). 

Peak electricity demand by water agencies and end‐users is estimated to be about 9,000 

megawatts (MW). Water deliveries to buildings and industrial facilities are often treated, 

pumped and used within the facility and then disposed. The state’s dire water situation 

further highlights the need for new strategies, technologies, and tools to optimize 

water/wastewater processes and develop technologies and techniques to maximize water 

conservation in homes, businesses and industries. 

This project was funded through EPIC’s 2015-2017 Triennial Investment Plan that included 

(a) reducing the energy intensity of water resources and water and wastewater systems as 

                                                 
254 2005 Integrated Energy Policy Report. Energy Commission. Publication Number: CEC-100-2005-007CMF, p.37. 
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specific objectives, and (b) maximizing water conservation. It is the state’s policy 

recognizing energy embedded in water that enables electric research and development 

funds to be invested in drought resilience—not for the water benefits, but for the electric 

and associated greenhouse gas emissions benefits. 

Tulare County’s Hydrology 

Precipitation 

Figure N-2:  Historical Precipitation, Tulare Basin (Water Years 2001-2018)  

 

The six station index measuring precipitation for the Tulare Lake Basin exceeded the historical average of 28.8 inches 

during 6 of the past 18 water years.  

Source: California Data Exchange Center. 

 
The Tulare Basin Index is only one measurement of “drought” since it encompasses five 

counties: San Benito, Fresno, Kings, Tulare and Kern. Local precipitation is also an important 

indicator of both local water demand and supplies. Over the past 13 years, precipitation in 

Visalia exceeded historical average only three times. 
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Figure N-3:  Annual Precipitation in Visalia (Water Years 2006-2018) 

 

Compiled from historical precipitation data recorded by the National Climate Data Center.  

Figure N-4 shows the amount of precipitation received by precipitation station within Tulare 

County for water years 2010-2015. 

Figure N-4:  Tulare County Precipitation by Station 
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Tulare County’s Water Sources and Uses255 

Water Sources 

Tulare County has two primary water sources: surface water and groundwater. 

The specific mix of surface to groundwater used during any year depends on precipitation: 

much more surface water is used during wet years, and much more groundwater is used during 

dry years.  

Figure N-5:  Groundwater vs. Surface Water Supply Use in a Dry vs. Wet Year 

 

Source: California Department of Water Resources (CDWR) Water Supply & Balance Data Interface Tool, LITE v.9.1. 

 

During wet years (precipitation index greater than 100 percent), more surface water is used, 

reducing groundwater pumping and withdrawals from deep percolation256. During dry years, the 

inverse occurs. 

Tulare does not have easy access to seawater, so seawater desalination is not a viable option. 

Tulare County’s primary untapped water resource opportunity is recycled water. 

Recycled Water 

In 2015, the State Water Resources Control Board (SWRCB) conducted a municipal wastewater 

recycling survey in conjunction with the California Department of Water Resources (CDWR). The 

purpose of this survey was to estimate the quantity of municipal recycled water produced and 

                                                 
255 Unless otherwise noted, all water supplies and demand estimates and graphs in this chapter were compiled from 

Department of Water Resources (DWR) Water Supply & Balance Data Interface Tool, LITE v.9.1 available on Department 
of Water Resources (DWR) website at https://www.water.ca.gov/Programs/California-Water-Plan/Water-Portfolios. 

256 “Deep percolation” refers to water that percolates the ground beyond the lower limit of the root zone of plants into 
groundwater. 

WY2015, Precipitation Index 59% WY2011, Precipitation Index 134% 

DRY YEAR WET YEAR 

https://www.water.ca.gov/Programs/California-Water-Plan/Water-Portfolios
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beneficially reused statewide.257 Cities in Tulare County reported 18,537 AF of recycled water 

used for agricultural irrigation. The estimated potential for municipal recycled water is 33,500 

AF per year. 

Recycled water in Tulare County consists primarily of undisinfected secondary effluent from 

municipal wastewater treatment. Undisinfected secondary effluent used primarily for 

groundwater recharge or for agricultural irrigation. 

California’s Water Code limits application of undisinfected secondary effluent to non-

food crops or crops in which the water has no direct contact with the edible portion of 

the plant. Undisinfected secondary effluent must be applied in a manner that does not 

allow people to come into direct contact with the effluent. For this reason, undisinfected 

secondary effluent cannot be used to displace many types of uses of potable water for 

nonpotable uses, such as for irrigating parks and playgrounds, school yards, residential 

landscaping, and unrestricted access golf courses.258 

The four largest urban wastewater treatment plants (Cities of Visalia, Porterville, Tulare, and 

Dinuba) treat 80 percent of the county’s wastewater, a combined volume of 13.4 billion gallons 

annually. Until recently, 90 percent of the wastewater was treated to secondary undisinfected 

quality. 

Increased awareness of the need to build local supplies for drought resilience have resulted in 

many urban areas now treating their wastewater to tertiary standards, at a minimum, so that 

recycled water can be used to displace use of valuable potable water supplies for non-potable 

purposes.  Tertiary effluent can be used in urban areas with frequent human contact, such as to 

irrigate parks and golf courses. It can also be used for both food and non-food agricultural 

irrigation and groundwater injection. 

Figure N-6: Wastewater Effluent Quality in Tulare County 

 In 2017, the City of Visalia completed the 

county’s first tertiary wastewater 

treatment plant that now treats 33 percent 

of the county’s wastewater effluent. 

Secondary undisinfected effluent still 

accounts for the largest volume (57 

percent), but the cities of Porterville and 

Tulare plan to upgrade their systems to 

tertiary. When those upgrades are 

complete, nearly 90 percent of the 

county’s urban wastewater will be tertiary 

quality. 

                                                 
257 Municipal Wastewater Recycling Survey. State Water Resources Control Board’s website: 
https://www.waterboards.ca.gov/water_issues/programs/grants_loans/water_recycling/munirec.shtml. 

258 California Code of Regulations, Title 22, § 60304. Use of Recycled Water for Irrigation. 

https://www.waterboards.ca.gov/water_issues/programs/grants_loans/water_recycling/munirec.shtml
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Technological advances in water filtration and disinfection have led to a fourth “purification” 

stage with advanced filtration and ultraviolet disinfection of tertiary treated wastewater. The 

SWRCB is considering new regulations that would allow this new “purified” water resource to 

directly augment potable water supplies. 

 

 

Water Uses 

Figure N-7:  Tulare County Water Use by Sector, Water Year 2015    

Total applied water during Water Year 2015 was 

2,927.8 TAF. 

Agriculture is the largest water user in Tulare 

County, accounting for 2778.5 TAF (94.9 percent of 

total applied water during Water Year 2015). Urban 

water uses accounted for 79.9 TAF (2.7 percent) 

during the same year. Environmental flows 

accounted for the remaining 69.4 TAF (2.4 percent).  

 

 

 

 

Source: California Department of Water Resources Water Supply & Balance Data Interface Tool, LITE v.9.1 available at 
https://www.water.ca.gov/Programs/California-Water-Plan/Water-Portfolios. 

Direct potable reuse (DPR) - There are two forms of DPR. In the first form, purified water from an advanced 

treatment facility is introduced into the raw water supply immediately upstream of a water treatment plant. In the 

second form, finished water is introduced directly into a potable water supply distribution system, downstream of 

a water treatment plant.  

Indirect potable reuse (IPR) - In IPR, purified water from an advanced water treatment facility is introduced into 

an environmental buffer, such as a water body upstream from the intake to the drinking water facility, for a 

specified period of time before being withdrawn for potable purposes (see also de facto potable reuse). 

De facto potable reuse - The downstream usage of surface waters as sources of drinking water that are 

subject to upstream wastewater discharges (e.g., unplanned potable reuse). 

 

Source: State Water Resources Control Board (SWRCB) 

Water Reuse Definitions 

https://www.water.ca.gov/Programs/California-Water-Plan/Water-Portfolios
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Within the urban sector, landscape irrigation for both residential and commercial purposes 

continued to be the largest urban water use (35.2 TAF, 44 percent of total urban water demand). 

Indoor residential water use was a close second (31.3 TAF, 39 percent of total urban water 

demand). The commercial sector accounted for 5.5 TAF (6.9 percent) and the industrial sector 

accounted for 7.9 TAF (10 percent) during that same period. 

Sources of Water Data 

Urban Water Management Plans (CY2015)259 

California Water Code, §10610-10656 and §10608, as amended, requires every urban water 

supplier that either provides over 3,000 acre-feet of water annually, or serves more than 3,000 

urban connections, to submit an Urban Water Management Plan (UWMP). 

Within UWMPs, urban water suppliers must: 

 Assess the reliability of water sources over a 20-year planning time frame. 

 Describe demand management measures and water shortage contingency plans. 

 Report progress toward meeting a targeted 20 percent reduction in per-capita (per-

person) urban water consumption by the year 2020. 

 Discuss the use and planned use of recycled water. 

The below tables were compiled from UWMPs for the four largest cities in Tulare County. 

Table N-1:  Population by Water Planning Year 

Water Supplier 
Service Area Population-Current and Projected 

2010 2015 2020 2025 2030 

City of Tulare 59,535 62,363 71,249 81,401 93,000 

City of Dinuba 21,453 23,966 27,561 31,695 36,449 

City of Visalia 134,410 138,404 157,741 179,779 204,896 

City of Porterville 58,232 65,702 74,336 84,104 95,156 

Totals: 273,630 290,435 330,887 376,979 429,501 

 

Table N-2:  Water Supplies and Demand by Water Planning Year (TAF) 

Water Supplies 2010 2015 2020 2025 2030 

Groundwater 66,435 54,444 74,190 84,256 99,225 

Recycled Water 0 13,302 15,903 19,017 24,985 

Total Supplies: 66,435 67,746 90,093 103,272 124,211 

Water Demand      

Residential 41,876 34,803 50,579 57,964 67,962 

Commercial  10,964 8,643 10,880 12,122 13,832 

                                                 
259 “Urban Water Management Plans”, Department of Water Resources (DWR) website:  
https://water.ca.gov/Programs/Water-Use-And-Efficiency/Urban-Water-Use-Efficiency/Urban-Water-Management-Plans. 

https://water.ca.gov/Programs/Water-Use-And-Efficiency/Urban-Water-Use-Efficiency/Urban-Water-Management-Plans
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Industrial 3,367 4,804 5,582 5,683 7,257 

Institutional/Governmental 2,805 2,105 2,901 3,919 3,584 

Landscape 1,322 1,251 1,370 1,554 1,896 

Agriculture (Recycled) 0 13,302 15,903 19,017 22,745 

Other 466 851 1,201 1,380 1,679 

Additional Uses/Losses 5,635 1,972 2,101 2,460 3,015 

Total Demand: 66,435 67,731 90,516 104,099 121,970 

Water Balance, Tulare County260   

Table N-3:  Tulare County Water Balance, TAF (CY2002-2006) 

TULARE COUNTY WATER BALANCE 2002 2003 2004 2005 2006 

 Precipitation (% of "Normal") 71% 86% 85% 120% 123% 

WATER USES      

 URBAN      

 Large Landscape 3.9 4.2 4.4 3.7 3.9 

 Commercial 9.2 10 10.4 8.9 9.3 

 Industrial 13.1 14.4 15 12.7 13.4 

 Energy Production 0.0 0 0 0 0 

 Residential - Interior 52.3 56.9 58.8 51 53.1 

 Residential - Exterior 54.1 59.5 60.7 52.6 54.9 

 Conveyance Applied Water 0.0 2.9 3 0 0 

   Subtotal 132.6 147.9 152.3 128.9 134.6 

 AGRICULTURAL      

 Applied Water - Crop Production 2,641.6 2452.1 2703.8 2268.2 2218.2 

 Conveyance Applied Water 79.5 99.1 77 147.9 133.9 

 Groundwater Recharge Applied Water 0.0 0 0 1.7 1.2 

   Subtotal 2,721.1 2,551.2 2,780.8 2,417.8 2,353.3 

 ENVIRONMENTAL      

 Wild & Scenic Applied Water 314.4 467.9 370 871.4 884.5 

 Managed Wetlands Applied Water 3.3 3.1 3.1 2.8 3.3 

   Subtotal 317.7 471.0 373.1 874.2 887.8 

   TOTAL WATER USES 3,171.4 3,170.1 3,306.2 3,420.9 3,375.7 

WATER SUPPLIES      

 Local Deliveries 369.2 496.8 385.4 762.6 746.8 

 CVP Base and Project Deliveries 516.1 560.1 433.9 828.3 695.9 

 SWP Deliveries 0.8 0.7 0.8 0.5 0.3 

 Groundwater Net Extraction 1,107.9 814.8 1218.2 155.5 263.5 

 Deep Percolation of Surface and GW 851.6 818.4 886.5 791.2 773.3 

 Return Flow from Carryover Storage 0.0 0 0 0 0 

 Recycled Water 325.8 479.3 381.4 882.8 895.9 

                                                 
260 Using Department of Water Resources (DWR) Water Supply & Balance Data Interface Tool, LITE v.9.1. 
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   TOTAL WATER SUPPLIES 3,171.4 3,170.1 3,306.2 3,420.9 3,375.7 

 

Table N-4:  Tulare County Water Balance, TAF (CY2007-2011) 

TULARE COUNTY WATER BALANCE 2007 2008 2009 2010 2011 

  Precipitation (% of "Normal") 50% 77% 71% 116% 134% 

WATER USES           

  URBAN           

  Large Landscape 4.3 4 4.1 3.7 3 

  Commercial 9.8 9.5 9.6 8.8 7 

  Industrial 14 13.5 13.7 12.7 10 

  Energy Production 0 0 0 0 0 

  Residential - Interior 54.9 54.3 53.8 50.7 39.7 

  Residential - Exterior 58 56 56.2 52.5 41 

  Conveyance Applied Water 0 0 0 0 0 

    Subtotal 141.0 137.3 137.4 128.4 100.7 

  AGRICULTURAL      

  Applied Water - Crop Production 2613.4 2907.2 2949.3 2614.2 2353.3 

  Conveyance Applied Water 48.6 73.5 80.4 127.9 156 

  Groundwater Recharge Applied Water 0 0 0 0 0 

    Subtotal 2,662.0 2,980.7 3,029.7 2,742.1 2,509.3 

  ENVIRONMENTAL           

  Wild & Scenic Applied Water 242.1 445.3 413.1 700 894.8 

  Managed Wetlands Applied Water 3.3 3.3 3.3 3.3 3.3 

    Subtotal 245.4 448.6 416.4 703.3 898.1 

    TOTAL WATER USES 3,048.4 3,566.6 3,583.5 3,573.8 3,508.1 

WATER SUPPLIES           

  Local Deliveries 206.4 399.5 379.4 648.1 963.4 

  CVP Base and Project Deliveries 321.1 394.7 488.3 732.1 716.3 

  SWP Deliveries 0.2 0 0 0 0 

  Groundwater Net Extraction 1424.4 1372.3 1323.3 600.9 386.6 

  Deep Percolation of Surface and GW 842.8 943.4 968 870.8 528.5 

  Return Flow from Carryover Storage 0 0 0 0 0 

  Recycled Water 253.5 456.7 424.5 721.9 913.3 

    TOTAL WATER SUPPLIES 3,048.4 3,566.6 3,583.5 3,573.8 3,508.1 
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Table N-5:  Tulare County Water Balance, TAF (CY2012-2015) 

TULARE COUNTY WATER BALANCE 2012 2013 2014 2015 

  Precipitation (% of "Normal") 71% 59% 45% 59% 

WATER USES         

  URBAN         

  Large Landscape 2.8 3 2.8 2.3 

  Commercial 6.9 7.2 6.7 5.5 

  Industrial 9.8 10.3 9.6 7.9 

  Energy Production 0 0 0 0 

  Residential - Interior 39.3 41 37.7 31.3 

  Residential - Exterior 40.2 42.4 39.2 32.9 

  Conveyance Applied Water 0 0 0 0 

    Subtotal 99.0 103.9 96.0 79.9 

  AGRICULTURAL     

  Applied Water - Crop Production 2801 2812.5 2644.6 2764.3 

  Conveyance Applied Water 82.2 45.1 31 14.2 

  Groundwater Recharge Applied Water 0 0 0 0 

    Subtotal 2,883.2 2,857.6 2,675.6 2,778.5 

  ENVIRONMENTAL         

  Wild & Scenic Applied Water 121.8 97.3 172.9 65.8 

  Managed Wetlands Applied Water 3.4 3.5 3.3 3.6 

    Subtotal 125.2 100.8 176.2 69.4 

    TOTAL WATER USES 3,107.4 3,062.3 2,947.8 2,927.8 

WATER SUPPLIES         

  Local Deliveries 357.7 185.1 177.1 91.7 

  CVP Base and Project Deliveries 524.3 303.6 156.1 62.7 

  SWP Deliveries 6.7 0 0 0 

  Groundwater Net Extraction 1504 1902.7 2063 2215.2 

  Deep Percolation of Surface and GW 574.3 555.1 360.2 473.9 

  Return Flow from Carryover Storage 0 0 0 0 

  Recycled Water 140.4 115.8 191.4 84.3 

    TOTAL WATER SUPPLIES 3,107.4 3,062.3 2,947.8 2,927.8 
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Tulare County’s Electric Uses261 

Electric Demand 

Tulare County’s primary electric utility is Southern California Edison. Data used to identify 

large energy uses by NAICS codes were obtained from SCE and compiled for this analysis. 

Figure N-8:  Portion of Tulare County Served by Southern California Edison (SCE) 

 

Source: Southern California Edison (SCE) 

 

SCE provided the following electric data for calendar year 2015: 

Table N-6:  Electric Use in Tulare County, CY2015 

 

Source: Southern California Edison 

 

 

Table N-7 on the next page shows the breakdown of non-residential electricity provided by SCE 

to Tulare County customers during CY2015 by NAICS code. 

  

                                                 
261 Unless otherwise stated, all non-residential electric data and graphs in this chapter were compiled from electric 
data provided by Southern California Edison (SCE) for Tulare County. 
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Table N-7:  Tulare County Non-Residential Electric Requirements (CY2015)262 

NAICS 
Code 

NAICS Description Total kWh 
% of 
Total 

Max kW 
% of 
Total 

11 Agriculture, Forestry, Fishing and Hunting 1,128,138,062 42.6% 250,064 49.3% 

21-23 Mining, Utilities & Construction 107,327,881 4.1% 20,743 3.8% 

31-33 Manufacturing 646,667,789 24.4% 91,811 16.6% 

42-49 
Trade (Wholesale & Retail), 

Transportation & Warehousing 
275,336,643 10.4% 55,571 9.1% 

51-56 

Information; Finance & Insurance; Real 

Estate Rental & Leasing; Professional, 

Scientific & Technical Services; 

Administrative and Support, and Waste 

Management and Remediation Services 

108,762,395 4.1% 24,074 4.0% 

61-62 
Educational Services; Health Care and 

Social Assistance 
175,872,531 6.6% 60,028 9.0% 

71-72 
Arts, Entertainment and Recreation; 

Accommodation and Food Services 
119,299,647 4.5% 25,443 4.0% 

81 
Other Services (except Public 

Administration) 
46,878,666 1.8% 14,608 2.8% 

92 Public Administration 34,643,150 1.3% 7,689 1.3% 

99 Unknown 3,768,453 0.1% 205 0.1% 

TOTALS  2,646,695,217 100.0% 550,236 100.0% 

 

The largest non-residential electric use is agriculture (43 percent). Manufacturing is the next 

largest (24 percent), followed by trade (10 percent). “Trade” includes wholesale, retail, 

warehousing, transportation. 

These three electric uses that collectively comprise 77 percent of the county’s annual non-

residential electric requirements are primarily attributable to Tulare’s agricultural economy. A 

portion of the remaining electric uses—for example, those related to utilities, professional and 

technical services, equipment installation and maintenance, etc.—are also related to agriculture 

and agricultural related businesses and activities.  

                                                 
262 CY2015 electric data were not converted to water year because SCE was changing out some meters during CY2014 
and a complete set of 15 minute electric demands by NAICS code was not available for the beginning part of water year 
2015 (Oct. 1 through Dec. 31, 2014). Electric consumption during CY2016 was very close to CY2015, indicating that the 
quantity of electric demand (kW) and use (kWh) was likely comparable during CY2014 as well. Consequently, CY2015 
electric data are used throughout this report. 
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Figure N-9:  Tulare County Non-Residential Electric Use by NAICS Code (CY2015) 

 

Large Electric Uses 

Largest Electric Uses 

During calendar year 2015, several NAICS codes, 11 (Agriculture) and 31-33 (Manufacturing) 

accounted for 67.0 percent of total electric consumption and 65.9 percent of total electric 

demand: 

 Agriculture (NAICS 11) accounts for 42.6 percent of the electric energy (kWh) and 49.3 

percent of the electric demand (kW). 

 Manufacturing (NAICS 31-33), much of which is related to agriculture and food and 

beverage processing, accounts for an additional 24.4 percent of the electric energy 

(kWh) and 16.6 percent of the electric demand (kW). 

Dairy-related foods (cheese, dry and evaporated milk, ice cream, fluid milk) accounted for 87 

percent of all food and beverage processing (excluding pet food). 

Table N-8:  Largest Electric Consumers by NAICS Code (Calendar Year 2015) 

NAICS Code 
Electricity 

(kWh) 
% of 
Total 

Electric Demand 
(kW) 

% of 
Total 

11 Agriculture, Forestry, Fishing 
and Hunting 

1,128,138,062 42.6% 356,241 49.3% 

31-33 Manufacturing 646,667,789 24.4% 120,199 16.6% 

Total Annual Electric Use 1,774,805,851 67.0% 476,440 65.9% 

Compiled from 15 minute electric data provided by Southern California Edison (SCE) for non-residential customers in Tulare County 
during calendar year 2015.  
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The next largest electric use by NAICS code was Trade (Wholesale & Retail), Transportation & 

Warehousing that accounted for 10.4 percent of total kWh and 9.1 percent of total kW. 

NAICS code 11 includes 35,634,591 kWh and 11,764 kW for Agricultural Support Services.  

 

Dairy and Dairy-Related Electric Uses 

Of agricultural use, Dairies (NAICS 112120) accounted for 38.2  percent of the kWh and 25.4 

percent of the kW.263 Dairy-related manufacturing (milk products, cheese, ice cream) accounted 

for 56.0 percent of the kWh and 38.0 percent of the kW (361,920,639 kWh and 45,656 kW 

respectively) for NAICS codes 31-33 Manufacturing. 

Allocating a percentage of electric use by support services for livestock and crop production 

increases dairy and dairy-related electric use to 39.5 percent of Tulare County’s agricultural 

electric use, and 26.3 percent of agricultural demand. 

Together, dairy farming and dairy-related manufacturing (milk products, cheese, ice cream) 

accounted for 793,129,127 kWh and 136,224 kW (44.7 percent and 28.6 percent of CY2015 kWh 

and kW, respectively) of total Agricultural and Manufacturing electric use (NAICS codes 11 and 

31-33, see Table N-9 below). This estimate is conservative, in that it does not include electric 

use by other related services such as machinery manufacturing, equipment assembly, 

laboratory testing, and professional and technical services. 

Table N-9:  Dairy Farming and Dairy Related Manufacturing (Calendar Year 2015) 

NAICS Code Electricity (kWh) 
Electric Demand 

(kW) 

NAICS 11 Agriculture: 
112120 Dairy Cattle and Milk Production 

431,208,488 90,568 

Allocated Agricultural Support Services  14,064,887 3,093 

Subtotal Dairy Electric Use 445,273,375 93,661 

NAICS 31 Manufacturing: 
311511 Fluid Milk Manufacturing; 
311512 Creamery Butter Manufacturing 
311513 Cheese Manufacturing 
311514 Dry, Condensed, and Evaporated Dairy Product 
Manufacturing 

361,920,639 45,656 

Allocated Warehousing, includes Refrigerated (NAICS 49) 44,422,490 12,960 

Subtotal Dairy-Related Food Processing Electric Use 406,343,129 58,616 

Total Dairies and Dairy-Related Electric Use 851,616,505 152,276 

 

  

                                                 
263 Three other agricultural sector NAICS codes - 111310 Orange Groves, 111332 Grape Vineyards, and 111335 Tree 
Nut Farming - accounted for an additional 382.4 million kWh (21.5%) and 179,688 kW (37.7%). 
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Water Sector Electric Use 

Water and Wastewater electric use (collectively referred to herein as the “water sector”) is found 

in NAICS codes 221310 (water) and 221320 (wastewater). Water sector electric use is small as a 

percentage of total non-residential electric use. 

Table N-10:  Water Sector Electric Use (CY2015) 

NAICS Code 
Electricity 

(kWh) 

% of Total Non-
Residential 

kWh 

Electric 
Demand 

(kW) 

% of Total Non-
Residential kW 

221310 Water 56,274,031 2.1% 13,585 1.9% 

221320 Wastewater 32,456,505 1.2% 5,436 0.8% 

Total Annual Electric 
Use 

88,730,536 3.3% 19,021 2.7% 

 

Seasonality of Electric Use 

Like most regions in the Central Valley, more electricity is used during May through October 

when temperatures are highest. During CY2015, 60 percent of non-residential electricity was 

used during May through October. Figure N-10 shows the amount of energy (kWh) used each 

month in relation to the monthly peak electric demand. 

Figure N-10:  Tulare County Non-Residential Electric Requirements (CY2015) 

 
 
 

The Energy Intensity of Tulare County’s Water 

The concept of “energy intensity”—the average amount of energy needed to perform a unit of 

work—is very simple. The energy intensity of one unit of a water resource, for example, is 

computed as the average amount of electricity and/or natural gas needed to pump, treat, or 

otherwise produce, one unit of water. 
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The challenge is that the data needed to perform the computation are often not readily 

available. Further, even when data are available, there may be gaps, overlaps, differences as to 

timing and technologies used to measure the water and/or energy, and other data 

inconsistencies that prevent “perfect” matching of the amount of energy used to the amount of 

water produced. 

Average Energy Intensities (EIs) of Tulare County’s water and wastewater systems were 

computed using the following data: 

1. Water-Related Electric Use. 

a.  Southern California Edison provided data about the quantity of electricity it sold 

during CY2015 in Tulare County by NAICS code. This enabled distinguishing among 

the quantity of electricity used by agriculture, food processing and other industries, 

and commercial and residential customers. 

b. Electric use (kWh) by tariff was used to estimate electricity used for water pumping 

vs. other purposes. 

This resulted in the following estimates of water-related electric uses. 

Table N-11:  Water-Related Electric Use (CY2015)264  

NAICS Code Water (TAF)  Electricity (kWh) 
Avg. Electric 

Intensity 

Agricultural Pumping 2,779 765,080,718 kWh265 275 kWh/AF 

Water Utilities 79.9 56,274,031 704 kWh/AF 

Wastewater Utilities 41.6 32,456,505 780 kWh/AF 

 

2. Electric Intensity of Water Resources. There are two primary water resources in Tulare 

County: surface water and groundwater. The electric intensity of surface water is low, since 

the topography in the populated areas of the county is fairly flat. The electric intensity of 

groundwater pumping, however, is considerably higher and highly variable: the depth to 

groundwater ranges from near zero to 470’ (see Figure N-11. Tulare Wells Depth to 

Groundwater, Fall 2017). 

  

                                                 
264 Unless otherwise specified, all water data were obtained from Department of Water Resources (DWR) Water Supply 
& Balance Data Interface Tool, LITE v.9.1 for WY2015electric data were obtained from Southern California Edison for 
CY2015. 

265 Electricity used for water pumping only (determined by reviewing electric sales by SCE tariff). 
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Figure N-11:  Tulare Wells Depth to Groundwater, Fall 2017266   

 

The energy intensity per groundwater well varies significantly, based on the depth to 

groundwater, as shown above. 

Summary of Findings 

1. Water Sources and Uses 

a. Tulare County has two primary water sources: surface water and groundwater. 

 There is little surface water storage capacity in Tulare County.267 

 The specific mix of surface to groundwater used during any year depends on 

precipitation: much more surface water is used during wet years, and much more 

groundwater is used during dry years.268 

b. The county’s three largest municipal wastewater treatment facilities (the cities of 

Visalia, Porterville and Tulare) produce recycled water, primarily for agricultural 

irrigation and groundwater recharge. 

 In 2017, the City of Visalia became the first city to produce tertiary recycled water at 

its wastewater treatment facility. 

                                                 
266 “Groundwater Information Center Interactive Map Application.” Department of Water Resources. 
https://gis.water.ca.gov/app/gicima/#bookmark_DepthBelowGroundSurface.  

267 Tully & Young. General Plan Update: Appendix G Phase 1 Water Supply Evaluation. Tulare County. 2009. 

268 See Figure N-5. Groundwater vs. Surface Water in a Dry vs. Wet Year. 

https://gis.water.ca.gov/app/gicima/#bookmark_DepthBelowGroundSurface
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 The cities of Porterville and Tulare currently discharge secondary undisinfected 

wastewater effluent to spreading basins for groundwater recharge and some 

agricultural irrigation. Both plan to produce tertiary treated recycled water in the 

future.269  

 The primary constraint on beneficial use of tertiary treated recycled water is lack of 

recycled water distribution systems (“purple pipe”) in Tulare County. Purple pipe 

infrastructure is a long-lead item that typically requires multiple years to design, 

finance, and construct. It is expensive to dig up existing streets and sidewalks to 

connect nonpotable water uses to recycled water. 

c. Some water users already recycle and reuse water multiple times. Since there is no 

requirement for customers to report this information, the quantity of water recycled 

and reused by water users is not known. 

 

2. Electric Sources and Uses 

a. Two investor owned utilities provide electric service to Tulare County. SCE is the largest 

provider of electric service, covering about 90 percent of the electric demand; PG&E 

serves the remaining 10 percent. 

b. As of 2017, utility scale solar PV installed by independent power developers in Tulare 

County totaled 310.6 MW and produced 746,285 MWh (load factor of 27.4 percent).270 

The output from these solar facilities are sold to PGE& or SCE under long-term Power 

Purchase Agreements (PPAs). More utility scale solar PV projects are planned. 

c. Several facilities are either in operation or planned to convert manure biogas to pipeline 

quality renewable gas or ethanol (transportation fuel). 

d. Electric Uses. 

 Residential electric use during CY2015 accounted for 33 percent of the county’s 

total electric requirements. 

 Of the remaining 67 percent for non-residential uses, 77 percent was either directly 

or indirectly related to agriculture.  

 Electric use by dairies accounted for 38  percent of agricultural electric use. 

 Commercial and industrial sectors accounted for 31 percent of all non-residential 

electric use. 

 
  

                                                 
269 The drought resilience value of replacing secondary undisinfected wastewater effluent with tertiary recycled water 
depends on the extent to which the higher quality recycled water could be used to displace use of potable water 
supplies for nonpotable purposes. 

270 California Energy Commission Website: Solar PV and Solar Thermal Electricity Production by County. Accessible at 
http://www.energy.ca.gov/almanac/renewables_data/solar/.  

http://www.energy.ca.gov/almanac/renewables_data/solar/
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3. Greenhouse Gas (GHG) Emissions271 

a. The county estimated 2007 total GHG emissions at 5.2 million metric tons of CO2 

equivalents (MMTCO2e). 

b. Dairies and feedlots accounted for 63 percent of total annual emissions. 

c. Mobile sources (on and offroad) accounted for 16 percent of total annual emissions.  

d. When normalized by population, total annual emissions equated to 36 tonnes of CO2e 

per resident. 

 

4. Water-Energy Nexus 

a. Large water uses were matched to electric uses to understand where drought resilient 

technologies could have the most significant impact on both resources. 

Figure N-12:  Water and Electric Uses in Tulare County 

 

Sources:  Water use data was obtained from California Department of Water Resources Water Supply & Balance Data Interface 
Tool, LITE v.9.1; electric use data was compiled from data provided by Southern California Edison. 
 

 Clearly, agriculture is the largest user of water, and also a large user of electricity. 

 Residential water use is very small compared to agriculture, but accounts for 77 

percent of urban water demand. The residential sector also accounts for 28 percent 

of all electricity used in Tulare County. As a percentage of urban electric demand, 

residential uses account for 48 percent. 

 Commercial and industrial water uses account for 17 percent of total urban water 

demand, but less than 1 percent of total water demand. Commercial and industrial 

customers are significant energy users, accounting for 52 percent of urban electric 

demand (31 percent of all electricity used in the county). 

                                                 
271 Tulare County. Climate Action Plan, Appendix A: Calculations and Assumptions. August 2012 as modified. 
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b. The energy intensity of Tulare County’s groundwater varies with the depth to 

groundwater of each well, and the efficiencies of the individual well pumps and motors. 

Data were not available to compute detailed energy intensities of the county’s water and 

wastewater systems; however, countywide annual data provided a basis for computing a 

reasonable proxy for the electric value of saving water in Tulare County. 

Table N-12:  Interim Proxies for Energy Intensity of Tulare County’s Water 

Type of Water Resource 
or Water Use 

Type of Energy Use 
Average Electric 

Intensity (kWh/AF) 

Agricultural Irrigation Agricultural 275 

Urban Water (mostly 
groundwater) 

Groundwater Pumping, 
Water Treatment, Water 
Distribution 

704 

Wastewater Collection and 
Treatment 

Wastewater 780 

The above proxies were developed from the data show in Table N11. Water-Related Electric Use (CY2015). 

 

In accordance with the methodology proposed by the Energy Commission in its 2005 white 

paper, California’s Water-Energy Relationship, and adopted by the CPUC via its Water-Energy 

Nexus rulemaking,272 the energy value of water saved indoors is deemed equivalent to the sum 

of energy inputs to urban water resources collected or produced, transported to urban water 

utilities, treated, distributed to energy users, and discharged to sewers for wastewater 

collection and treatment. The energy value of water saved outdoors has all of the same 

components except wastewater collection and treatment. 

Data were insufficient to compute the electric intensity of Tulare County’s urban water supplies 

by segment of the “Water Cycle”.273 The average electric intensity of the county’s urban water 

supplies, from collection/production to distribution to water end users was therefore used to 

represent all of these energy inputs to urban water supplies  

Table N-13:  Estimated Energy Value of Urban Water Savings 

 Water Wastewater 
Energy Intensity of 

Water Savings (kWh/AF) 

Indoor 704 780 1,484 

Outdoor 704 n/a 704 

 

The above proxies for the energy value of indoor and outdoor water savings are deemed 

conservative because they only consider SCE electric data. (PG&E serves about 10 percent of the 

county’s electric requirements; PG&E data were not obtained for this study. In addition, some 

agricultural pumping is served by public power that is not included in these computations.) 

                                                 
272 Decision Regarding Tools for Calculating the Embedded Energy in Water and an Avoided Capacity Cost Associated 
with Water Savings. CPUC Rulemaking 13-12-011. Decision 15-09-023, September 17, 2015. 

273 See Figure N-1. Framework for Computing the Energy Intensity of Water. 




