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PREFACE 

The California Energy Commission’s Energy Research and Development Division supports 

energy research and development programs to spur innovation in energy efficiency, renewable 

energy and advanced clean generation, energy-related environmental protection, energy 

transmission and distribution and transportation.  

In 2012, the Electric Program Investment Charge (EPIC) was established by the California Public 

Utilities Commission to fund public investments in research to create and advance new energy 

solutions, foster regional innovation and bring ideas from the lab to the marketplace. The 

California Energy Commission and the state’s three largest investor-owned utilities—Pacific Gas 

and Electric Company, San Diego Gas & Electric Company and Southern California Edison 

Company—were selected to administer the EPIC funds and advance novel technologies, tools, 

and strategies that provide benefits to their electric ratepayers. 

The Energy Commission is committed to ensuring public participation in its research and 

development programs that promote greater reliability, lower costs, and increase safety for the 

California electric ratepayer and include: 

 Providing societal benefits. 

 Reducing greenhouse gas emission in the electricity sector at the lowest possible cost. 

 Supporting California’s loading order to meet energy needs first with energy efficiency 

and demand response, next with renewable energy (distributed generation and utility 

scale), and finally with clean, conventional electricity supply. 

 Supporting low-emission vehicles and transportation. 

 Providing economic development. 

 Using ratepayer funds efficiently. 

This is the final report for the Accelerating Drought Resilience Through Innovative 

Technologies project (Contract Number EPC-15-093) conducted by Water Energy Innovations. 

The information from this project contributes to the Energy Research and Development 

Division’s EPIC Program. 

For more information about the Energy Research and Development Division, please visit the 

Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy 

Commission at 916-327-1551. 

  

file:///C:/Users/eluk/Desktop/www.energy.ca.gov/research/
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ABSTRACT 

Tulare County is the largest agricultural producing county in California and the county most 

severely impacted by the recent and ongoing California drought. Dairies within the county are 

at the epicenter of the region’s highest priority resource and environmental challenges: 

drought, nitrates, air pollution, and greenhouse gas emissions. This project focused on 

identifying technologies and accelerating implementation of technologies that can achieve long-

term water supply reliability (“drought resilience”) while also increasing electricity reliability 

and reducing greenhouse gas emissions.  

The project team conducted primary and secondary research over two years to identify 

technology needs and candidate solutions that could build drought resilience, support electric 

reliability, and reduce greenhouse gas emissions in Tulare County and the surrounding South 

San Joaquin Valley area. The team focused on existing and emerging technologies that could be 

fast-tracked for near-term, cost-effective benefits, and assessed solutions to determine 

technology readiness and anticipated implementation barriers.  

Key findings of the research include: (1) no statewide program exists to help mitigate 

customers’ costs and risks for investments in distributed water resources; (2) despite the 

critical need to build drought resilience, public investments in development of distributed 

water resources is low; (3) public investments in cross-cutting projects, programs, and 

strategies that achieve multiple benefits requires new policies, programs, metrics, and tools; 

and (4) accelerating early change-outs of water fixtures can provide substantial incremental 

water, energy, and greenhouse gas benefits. 

Recommended actions to address challenges to building drought resilience include: creating 

statewide distributed water resources program; accelerating retirements of inefficient water 

fixtures; leveraging state programs to improve data on water supplies and uses; and 

establishing centers of excellence in technologies that achieve California’s vision for a clean and 

resilient future. Estimated annual benefits of these actions include savings of more than 30 

billion gallons of water, nearly 60 gigawatt-hours of electricity, and 866 million pounds of 

carbon dioxide-equivalent emissions. 

 

Keywords: market facilitation, drought resilience, water and energy savings, electric reliability, 

greenhouse gas emissions, drought resilient technologies, multi-benefit projects, 

comprehensive valuation, optimized public investments 

 

Please use the following citation for this report: 

Park, Laurene, additional author(s) are Caroline Minasian, Luree Stetson, Jacob Roberts, Adhitya 

Jayasinghe, Martin Allgeier, Martin Vu, Makayla Lopez. 2019. Accelerating Drought 

Resilience Through Innovative Technologies. California Energy Commission. Publication 

Number: CEC-500-2019-037.  



vi 

TABLE OF CONTENTS  

Page 

ACKNOWLEDGEMENTS ....................................................................................................................... i 

PREFACE .................................................................................................................................................. iv 

ABSTRACT ................................................................................................................................................ v 

TABLE OF CONTENTS ......................................................................................................................... vi 

LIST OF FIGURES ................................................................................................................................... ix 

LIST OF TABLES ..................................................................................................................................... xi 

EXECUTIVE SUMMARY ........................................................................................................................ 1 

Project Purpose .......................................................................................................................................... 1 

Project Process ........................................................................................................................................... 1 

Project Results ........................................................................................................................................... 2 

Key Findings ............................................................................................................................................... 3 

Recommendations ..................................................................................................................................... 5 

Benefits to California ................................................................................................................................ 6 

Knowledge Transfer .................................................................................................................................. 8 

CHAPTER 1:  Introduction .................................................................................................................... 11 

Is the Drought Over? ................................................................................................................................. 12 

Tulare County’s Drought Circumstance................................................................................................ 13 

Water Resources ..................................................................................................................................... 14 

The Role of Technology in Building Drought Resilience ................................................................... 18 

Technology Solutions can Accelerate Drought Resilience ............................................................ 18 

Market Facilitation ..................................................................................................................................... 20 

Summary of Findings ................................................................................................................................ 21 

California Drought ................................................................................................................................. 21 

Tulare County’s Drought Challenges ................................................................................................. 22 

Recycled Water ........................................................................................................................................ 23 

Building the Path to Drought Resilience ............................................................................................... 24 

CHAPTER 2: Drought Resilient Technologies .................................................................................. 26 

Water Use Efficiency .................................................................................................................................. 27 

Agricultural Water Use Efficiency ....................................................................................................... 27 



vii 

Commercial and Industrial Water Use Efficiency ............................................................................ 29 

Indoor Water Use Efficiency ................................................................................................................. 32 

Outdoor Urban Water Use Efficiency ................................................................................................. 35 

Reduce Use of Potable Water for Non-Potable Uses ........................................................................... 36 

Increase Local Supplies through Groundwater Remediation ........................................................... 37 

Water Management Tools ......................................................................................................................... 40 

Summary of Findings ................................................................................................................................ 40 

Benefits Achievable through Drought Resilient Technologies ......................................................... 43 

CHAPTER 3: Government Plans and Policies ................................................................................... 45 

Tulare County Water Efficiency Goals, Plans and Policies ............................................................ 46 

State Laws and Regulations for Efficient Water Use and Drought Resilience ............................... 46 

Local Policies, Plans, and Ordinances .................................................................................................... 49 

Local Policy Opportunities ....................................................................................................................... 51 

Summary of Findings ................................................................................................................................ 51 

Recommendations for Reducing Potable Water Use .......................................................................... 53 

CHAPTER 4: Accelerating Development of Distributed Water Resources ................................. 55 

California Leadership in Technology Innovation ................................................................................ 55 

Public Investments in Customer Demand Side Management ........................................................... 57 

California’s Future is “Distributed” ....................................................................................................... 59 

Statewide Distributed Water Resources Program is Needed ............................................................ 59 

Valuation of Distributed Water Resources ........................................................................................... 61 

The Correct Statewide Perspective is Holistic .................................................................................. 62 

Incremental Benefits through Accelerated Implementation............................................................. 63 

Transitioning to New Markets, Technologies and Business Models ............................................... 65 

CHAPTER 5: Recommendations .......................................................................................................... 67 

Summary of Key Findings ........................................................................................................................ 68 

Recommendations ..................................................................................................................................... 71 

Benefits to California ................................................................................................................................ 73 

A Proposed Center of Excellence for Drought Resilient Technologies .......................................... 74 

Leading with Dairy ................................................................................................................................. 75 

Benefits of this Approach ..................................................................................................................... 76 

GLOSSARY AND ACRONYMS .......................................................................................................... 78 



viii 

REFERENCES .......................................................................................................................................... 86 

APPENDIX A: California’s Drought Policies .................................................................................. A-1 

APPENDIX B: Recycled Water ........................................................................................................... B-1 

APPENDIX C: Gray Water .................................................................................................................. C-1 

APPENDIX D: Groundwater Management .................................................................................... D-1 

APPENDIX E: Groundwater Quality ................................................................................................ E-1 

APPENDIX F: Technology Solutions for Nitrates .......................................................................... F-1 

APPENDIX G: Tulare County’s Dairy Cluster ............................................................................... G-1 

APPENDIX H: Equipment Cleaning and Sanitation Technologies ........................................... H-1 

APPENDIX I: Drought Resilient Technologies ............................................................................... I-1 

APPENDIX J: Technology Scoring Tools .......................................................................................... J-1 

APPENDIX K: Comprehensive Valuation of Multiple Benefits ................................................. K-1 

APPENDIX L: Accelerated Compliance with New Codes and Standards ................................. L-1 

APPENDIX M: Disadvantaged Communities ................................................................................ M-1 

APPENDIX N: Tulare County’s Water-Energy Nexus .................................................................. N-1 

APPENDIX O: Data Challenges and Opportunities ..................................................................... O-1 

APPENDIX P: Estimated Technology Benefits ............................................................................... P-1 

APPENDIX Q: Case Study: “Best-in-Class” Municipal Recycled Water Program .................. Q-1 

APPENDIX R: Tulare County Wastewater Treatment Facilities ................................................. R-1 

APPENDIX S: Municipal Wastewater Treatment Technologies ................................................. S-1 

 



ix 

LIST OF FIGURES 

Page 

Figure ES-1:  Multi-Benefit Investment Model ...................................................................................... 3 

Figure ES-2:  Distributed Water Resources ............................................................................................ 3 

Figure ES-3:  Incremental Statewide Benefits by Accelerating Title 20 Change-outs ...................... 4 

Figure ES-4:  Benefits to Investing in Distributed Resources ............................................................... 7 

Figure ES-5: Estimated Annual Savings Benefits from Technology Solutions and Strategies ........ 8 

Figure 1:  Snow Course Measurement .................................................................................................. 11 

Figure 2:  Reported Well Failures in Tulare County as of November 2, 2015 ................................. 13 

Figure 3:  Groundwater versus Surface Water Supply Use in Dry versus Wet Year ..................... 14 

Figure 4:  Changes in Groundwater Elevations (Water Years 2011-2016) ....................................... 16 

Figure 5: Wastewater Effluent Quality in Tulare County .................................................................. 17 

Figure 6:  Districted Water Resources: On-Site Treatment, Recycle and Reuse .............................. 19 

Figure 7:  Incremental Annual Statewide Benefits by Accelerating Title 20 Changeouts ............. 34 

Figure 8:  Estimated Annual Benefits to Tulare County from Three Drought Resilient Strategies

 .................................................................................................................................................................... 43 

Figure 9:  Inverse Relationship of Average Solar Photovoltaic Prices and California Installations

 .................................................................................................................................................................... 55 

Figure 10:  A Need for a New Multi-Benefit/Multi-Utility Model .................................................... 62 

Figure 11:  Multiple Benefits Created by Distributed Water Resources ........................................... 64 

Figure 12:  Incremental Annual Statewide Benefits by Accelerating Title 20 Changeouts ........... 66 

Figure 13:  Estimated Annual Benefits to Tulare County from Three Drought Resilient Strategies

 .................................................................................................................................................................... 73 

Figure 14:  Tulare County’s Dairy Technology Cluster ...................................................................... 75 

Figure B-1:  Growth in Recycled Water Production and Use (1970-2009) ..................................... B-3 

Figure B-2:  Change in Beneficial Uses of Recycled Water (2001 and 2009) .................................. B-3 

Figure D-1:  Changes in Groundwater Elevations (Water Years 2011-2016) ................................. D-1 

Figure D-2:  Reported Well Failures in Tulare County as of November 2, 2015 ........................... D-3 

Figure D-3:  Groundwater Sustainable Agencies in Tulare County ............................................... D-4 

Figure G-1:  Tulare County’s Dairy Technology Cluster ................................................................. G-1 



x 

Figure G-2:  California Milk Production by County (2017) .............................................................. G-2 

Figure G-3:  Primary Water Uses in Dairies ....................................................................................... G-3 

Figure G-4:  Dairy Wastewater Effluent ............................................................................................. G-6 

Figure H-1:  Tulare County Non-Irrigation Water Withdrawals ................................................... H-1 

Figure H-2:  Five Steps of Traditional Industrial Cleaning Processes ........................................... H-2 

Figure H-3:  Depiction of the dry ice blasting process ..................................................................... H-4 

Figure H-4: Biomist SS20 system ........................................................................................................ H-7 

Figure H-5:  Electrochemical Activation Process .............................................................................. H-8 

Figure K-2:  Comprehensive Approach to Valuing Multi-Benefit Projects ................................... K-7 

Figure L-1:  Incremental Annual Statewide Benefits by Accelerating Title 20 Changeouts ........ L-4 

Figure M-1:  Tulare County Result of CalEnviroScreen 2.0 vs. 3.0 ................................................ M-7 

Figure M-2:  Disadvantaged Communities within Tulare County ................................................ M-8 

Figure N-1:  Framework for Computing the Energy Intensity of Water ...................................... N-2 

Figure N-2:  Historical Precipitation, Tulare Basin (Water Years 2001-2018) ............................... N-6 

Figure N-3:  Annual Precipitation in Visalia (Water Years 2006-2018) ......................................... N-7 

Figure N-4:  Tulare County Precipitation by Station ....................................................................... N-7 

Figure N-5:  Groundwater vs. Surface Water Supply Use in a Dry vs. Wet Year ........................ N-8 

Figure N-6: Wastewater Effluent Quality in Tulare County ........................................................... N-9 

Figure N-7:  Tulare County Water Use by Sector, Water Year 2015 ............................................ N-10 

Figure N-8:  Portion of Tulare County Served by Southern California Edison (SCE) .............. N-15 

Figure N-9:  Tulare County Non-Residential Electric Use by NAICS Code (CY2015) ............. N-17 

Figure N-10:  Tulare County Non-Residential Electric Requirements (CY2015) ....................... N-19 

Figure N-11:  Tulare Wells Depth to Groundwater, Fall 2017 ...................................................... N-21 

Figure N-12:  Water and Electric Uses in Tulare County .............................................................. N-23 

 



xi 

LIST OF TABLES 

Page 

Table 1:  Examples of Distributed (Customer-Side) Water Resource Solutions .............................. 26 

Table 2:  Types of Drought Resilient Technology Solutions .............................................................. 26 

Table 3:  Drought Resilient Technology Solutions by Sector ............................................................. 27 

Table 4:  Water-Efficient or Waterless Cleaning and Disinfection Technologies ............................ 31 

Table 5:  Incremental Annual Statewide Value of Early Title 20 Water Fixtures Change-outs .... 33 

Table 6:  Routine Uses of Potable Water for Non-Potable Uses ........................................................ 36 

Table 7:  Water Quality Technologies ................................................................................................... 38 

Table 8:  Potential Sources of Water Public Purpose Funds .............................................................. 61 

Table 9:  Incremental Annual Statewide Value of Early Title 20 Water Fixtures Changeouts...... 65 

Table A-1:  Proposition 1 Funding Allocations and Balance Remaining ....................................... A-3 

Table A-2:  Tulare County Drought Actions ...................................................................................... A-5 

Table B-1:  Minimum Treatment Levels for Specific Uses of Recycled Water .............................. B-1 

Table B-2:  Evolution of California’s Recycled Water Policy ........................................................... B-7 

Table D-1: Tulare County GSAs ........................................................................................................... D-5 

Table F-1:  Water Quality Technologies .............................................................................................. F-2 

Table G-1:  Tulare County’s Top Agricultural Products in 2016 ..................................................... G-7 

Table G-2:  Estimated Annual Water and Energy Use in Tulare County for Food Processing .. G-8 

Table H-1:  Technologies for Equipment Cleaning and Sanitation ................................................ H-4 

Table I-1:  Public Sources of Candidate Drought Resilient Technologies ....................................... I-1 

Table I-2:  List of Technologies .............................................................................................................. I-2 

Table K-1:  Costs and Benefits of Customer-Side Distributed Water Resources .......................... K-3 

Table L-1:  Estimated Statewide Annual Savings from Title 20 Water Efficiency Standards ..... L-2 

Table L-2:  Estimated Annual Statewide Savings from Title 20 Water Efficiency Standards ..... L-3 

Table L-3:  Incremental Annual Statewide Value of Early Title 20 Water Fixtures Changeouts L-3 

Table M-1:  Disadvantaged Community Definitions ....................................................................... M-3 

Table M-2:  CalEnviroScreen Indicators ............................................................................................ M-5 

Table N-1:  Population by Water Planning Year ............................................................................ N-11 



xii 

Table N-2:  Water Supplies and Demand by Water Planning Year (TAF).................................. N-11 

Table N-3:  Tulare County Water Balance, TAF (CY2002-2006) ................................................... N-12 

Table N-4:  Tulare County Water Balance, TAF (CY2007-2011) ................................................... N-13 

Table N-5:  Tulare County Water Balance, TAF (CY2012-2015) ................................................... N-14 

Table N-6:  Electric Use in Tulare County, CY2015 ........................................................................ N-15 

Table N-7:  Tulare County Non-Residential Electric Requirements (CY2015) ........................... N-16 

Table N-8:  Largest Electric Consumers by NAICS Code (Calendar Year 2015) ....................... N-17 

Table N-9:  Dairy Farming and Dairy Related Manufacturing (Calendar Year 2015) .............. N-18 

Table N-10:  Water Sector Electric Use (CY2015) ............................................................................ N-19 

Table N-11:  Water-Related Electric Use (CY2015) ......................................................................... N-20 

Table N-12:  Interim Proxies for Energy Intensity of Tulare County’s Water ............................ N-24 

Table N-13:  Estimated Energy Value of Urban Water Savings ................................................... N-24 

Table O-1:  Water Demand Reported by UWMPs vs. CDWR Water Portfolio Tool .................... O-3 

Table P-1:  Estimated Annual Benefits to Tulare County from Three Drought Resilient Strategies

 .................................................................................................................................................................. P-1 

Table P-2:  Value of Early Title 20 Water Fixtures Changeouts for Tulare County ...................... P-3 

Table Q-1:  Excerpt from the SFPUC’s Non-Potable Water Program Guidebook ........................ Q-3 

Table Q-2:  Statutes and Regulations Referred to in SFPUC’s Non-Potable Water Program ..... Q-5 

Table Q-3:  City and County of San Francisco’s Streamlined Permitting Process ........................ Q-7 

Table R-1:  Incremental Beneficial Uses that Can be Met with Disinfected Tertiary Treated 

Wastewater (Partial List) ....................................................................................................................... R-7 

Table S-1:  Municipal Wastewater Treatment Technologies ............................................................. S-1 

Table S-2:  Drought Resilience and Energy System Benefits of Identified Technologies ............. S-5 

 

  



1 

EXECUTIVE SUMMARY 

Project Purpose 

Although California has experienced many periods of drought, 2012 through 2015 were the 

driest four consecutive water years in the state’s recorded hydrological history. Hardest hit 

were communities in California’s Central Valley, particularly Fresno, Kern, Kings, Madera, and 

Tulare counties in the South San Joaquin Valley.  

Given the urgency of building drought resilience, this project focused on identifying 

technologies that can achieve substantial water benefits within three years while also increasing 

electricity reliability and reducing greenhouse gas emissions. The geographic focus was Tulare 

County, the largest agricultural producing county 

in California and the county most severely 

impacted by the ongoing drought. 

California’s agricultural sector is vital to the 

state’s economy and relies on water, as well as 

affordable and reliable supplies of energy. 

According to the California Department of Water 

Resources, agriculture accounts for about 45 

percent of all water used within the state during 

normal water years. In 2015, however, agriculture 

in Tulare County accounted for 95 percent of net 

water use during 2015, a very dry year, and 86 

percent during 2002, a close to normal water 

year.  

Reducing water and energy use in California’s agricultural sector contributes to California’s 

goals to mitigate the effects of drought and to ensure reliable, affordable supplies of electricity 

for the state’s inhabitants. 

Project Process  

The project team conducted both primary and secondary research over two years to identify 

technology needs and candidate solutions that could build drought resilience, support electric 

reliability, and reduce greenhouse gas emissions in Tulare County and the surrounding South 

San Joaquin Valley area. Southern California Edison provided electric data and information 

about new and emerging water-related technologies with electricity benefits. A Technical 

Advisory Committee comprised of individuals knowledgeable about California’s water, energy, 

and climate policies, regulations, codes and standards recommended strategies for effective 

engagement of Tulare County stakeholders. Numerous subject matter experts provided 

information about candidate technologies and anticipated implementation challenges. 

Guided by local team members’ insights about regional issues and priorities, the project team 

searched for high potential technology solutions. Secondary research was supplemented with 

“Prior to 2017, California had 
experienced a decade of largely 
dry conditions. Eight of the ten 
preceding water years were dry, 
and the water years of 2012-15 
set a record for the driest 
consecutive four-year period of 
statewide precipitation.” 

Water Year 2017: What a Difference a 
Year Makes, California Department of 
Water Resources, September 2017. 
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facility tours, workshops, and interviews with key stakeholders along all segments of the 

technology adoption cycle. 

Priority attention was given to existing and emerging technologies that could be fast-tracked for 

near-term, cost-effective benefits. Candidate solutions were assessed to determine their state of 

technology readiness and anticipated implementation barriers. A wide network of 

stakeholders—local government officials, business owners, industry associations, community-

based organizations—recommended changes to policies, regulations, legislation, financing, and 

programs needed to accelerate implementation of high potential drought resilient solutions. 

Project Results 

Stakeholders throughout Tulare County and the surrounding region shared their insights and 

perspectives about the region’s drought challenges and potential solutions. Three common 

themes emerged: 

1. Many high potential drought resilient technologies exist today that could begin 

achieving substantial water, energy, and greenhouse gas emissions benefits within three 

years or less. Some technologies are relatively simple to implement and may be cost-

effective without need for subsidy or incentives; others may need incentives, subsidies, 

or low interest loans to mitigate the costs and risks of adoption by water and 

wastewater utilities and their customers. 

2. Building drought resilience requires that customers make investments and take risks. 

Most drought resilient technology opportunities involve actions and investments by 

water users in water conservation and efficiency, on-site wastewater treatment, or on-

site production and use of recycled water. These customer-side strategies alleviate 

pressure on centralized municipal water and wastewater treatment systems. Over time, 

less municipal water and wastewater treatment capacity will be needed, reducing capital 

and operating costs of centralized municipal water and wastewater systems. In many 

cases, customer-side actions also reduce electric consumption and associated 

greenhouse gas emissions from centralized water and wastewater utility systems and 

operations. 

3. Optimizing public investments in cross-cutting projects, programs, and strategies that 

achieve multiple benefits requires new policies, programs, metrics, and tools. Presently, 

the state invests in individual resources on a separate basis. Accelerating drought 

resilience will require new business models that enable optimizing state investments on 

a holistic, comprehensive basis that cuts across water, energy, and climate boundaries 

(Figure ES-1).  

The project team’s conclusion was that there is no lack of technically viable solutions; the 

primary barriers are technology adoption costs and risks. 
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Figure ES-1:  Multi-Benefit Investment Model 

 

Source: 2005 Integrated Energy Policy Report, California Energy Commission. 

Key Findings 

The project team’s recommendations are based on the following findings.   

First, there is no statewide program to help mitigate customers’ costs and risks for investments 

in distributed water resources (Figure ES-2).  

Figure ES-2:  Distributed Water Resources 

 

Source:  Water Energy Innovations, Inc. 

California’s water utilities develop, fund, and implement their own customer-side water 

conservation, efficiency, and recycled water programs. This is both unreliable and economically 

inefficient since California has thousands of water agencies of many types—municipal agencies, 

special districts, investor-owned water corporations, mutual water companies, and community 

water systems. Most are very small and do not have funds or staff to develop and manage 
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customer programs. In addition, since costs for water and wastewater services are much lower 

than those for energy services, it is difficult for individual water and wastewater utilities to 

raise sufficient funds to support customer-side distributed water projects solely through water 

and wastewater surcharges.  

Second, although California has a critical need to build drought resilience, public investments 

in development of distributed water resources are low. The amount of water sector investments 

in customer conservation, efficiency, and recycled water development is unknown, but water 

conservation investments made by large wholesale urban water suppliers and their member 

agencies indicate that investments may be about 10 percent of average annual investments 

made by electric utilities for comparable purposes.  

Third, optimizing public investments in cross-cutting projects, programs, and strategies that 

achieve multiple benefits requires new policies, programs, metrics, and tools. Presently, the 

state invests in individual resources on a separate basis. Accelerating drought resilience will 

require new business models that enable optimizing state investments on a holistic, 

comprehensive basis—cutting across water, energy, and climate boundaries. 

Finally, substantial incremental water, energy, and greenhouse gas benefits are achievable by 

accelerating early change-outs of water fixtures. Title 20 Appliance Efficiency Regulations 

requires sellers of fixtures, appliances, and equipment to certify that products “sold or offered 

for sale” in California comply with then-current code (Figure ES-3).  

Figure ES-3:  Incremental Statewide Benefits by Accelerating Title 20 Change-outs 

 

Source:  Water Energy Innovations, Inc. 

Title 20 does not require that all fixtures and appliances be brought up to code by a certain 

date, except that properties offered for sale must bring their fixtures and appliances up to code 

prior to sale or disclose that the fixtures are not in compliance. Studies conducted by Energy 

Commission staff estimate that incremental annual water, energy, and greenhouse gas 

emissions benefits that will be achieved by 2038, the year during which “full turnover” of non-

compliant fixtures is expected, exceed estimated 2018 benefits by a factor of 10. Substantial 
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incremental water, energy, and greenhouse gas emissions benefits could be achieved by 

bringing existing fixtures into compliance as soon as possible. 

Recommendations 

The project team’s recommendations reflect the insights shared by multiple key stakeholders. 

 Create a statewide distributed water resources program. State programs can be 

leveraged now to support customer-side water conservation and efficiency and 

development of on-site recycled water production and use, while the process of 

developing the needed policies, programs, and funding to support such a 

comprehensive statewide program proceeds in parallel. For example, California could: 

o Convert historical state policies governing investments of public funds from a 

“compliance” mindset, to a comprehensive public benefits perspective that 

employs new metrics valuing all resource, environmental and economic benefits 

on a holistic statewide basis and enables optimizing public funds in a manner 

that rewards multiple benefits.  

 Award preference points for water and wastewater infrastructure grants to public 

agencies that commit to establish technical and/or financial assistance programs that 

help their customers purchase and install distributed water resource systems. 

o Implement a pilot program that combines funds from electric, gas, water, 

wastewater, and greenhouse gas emissions reduction programs to help water 

customers implement high priority drought resilient measures that achieve 

multiple benefits. 

o Create a Water Investment Loan Fund that streamlines access to low interest 

loans to water users that are willing to make investments in distributed water 

resource projects. 

o Help water and wastewater utilities mitigate the costs and risks of assets that 

may become stranded when encouraging customers to develop on-site 

distributed water resources and systems. 

 Accelerate retirements of inefficient water fixtures by: 

o Funding accelerated retirements of water fixtures that are not yet compliant with 

the 2015 Title 20 Appliance Efficiency Regulations and its successors. 

o Considering all water, energy, and greenhouse gas benefits when determining 

which funds can be used to achieve early retirements of non-compliant water 

fixtures.  

o Modifying state policies, programs, and funding to enable investing in early 

retirements as “procurements” of resource and environmental benefits 

(differentiated from “utility incentives” that protect ratepayers from over-

investing in measures that are expected to occur at a future date without 

intervention).  
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o Continuing to increase water and energy efficiency and greenhouse gas 

reductions through continuous upgrades to codes and standards. 

 Leverage state programs to improve data about water supplies and uses. There is little 

reliable and current data about the amount of water needed by commercial and 

industrial customers by type of end use. Every grant, subsidy or incentive provided to a 

water user is an opportunity to collect information. Water and wastewater agencies that 

receive state funds should also provide information about water use by industry sector 

and customer or business segment. More granular and current water use data will 

streamline both the cost and time to match candidate technology solutions to targeted 

adopters. Better data will also improve estimates of potential water and energy savings, 

and energy related greenhouse gas reductions, providing a rational basis for 

determining the appropriate level of state investment in projects and technologies. 

 Establish centers of excellence in technologies that achieve California’s vision for a clean 

and resilient future. California drives technology advancement through visionary policy 

goals that are supported with billions of dollars in public investments. This rare 

combination of policy commitment and investment distinguishes California from many 

entities, both public and private, that may have ambitious goals but lack either the 

resources or the commitment needed to build markets and industries. California is 

ideally positioned to serve as a global center for collaborative research, development, 

and commercialization of products and technologies needed to achieve the state’s vision 

for a clean, healthy, affordable, and resilient future.  

Benefits to California  

The “Big Three”: Water, Energy, and Climate 

Optimizing investments requires a holistic perspective on total net benefits (Figure ES-4). 

Evaluated solely from the perspective of a single resource or single customer site, California’s 

current policies discourage customers from investing in distributed resources. When water 

users invest in onsite collection, treatment, and recycle/reuse of their own wastewater, they 

increase electric use at their site since they are now performing functions that would otherwise 

be performed by centralized municipal water and wastewater treatment facilities. Customer-

side water treatment, recycle and reuse projects thus become ineligible for electric efficiency 

incentives.  

This single resource, single-site impact model ignores the true benefits to California: 

 A water user makes an investment to treat, recycle, and reuse their own wastewater, 

substantially reducing its potable water demand and reducing municipal wastewater 

treatment. 

  The water utility reduces its energy use by reducing the amount of water it needs to 

supply, treat, and deliver.  
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 The wastewater utility reduces its energy use by reducing wastewater collection and 

treatment; and, where applicable, also reduces energy associated with production and 

delivery of recycled water.  

 Greenhouse gas emissions are reduced by the amount of statewide electric savings. 

Figure ES-4:  Benefits to Investing in Distributed Resources 

 

Source:  Water Energy Innovations, Inc. 

The net impacts for California are thus positive. 

The potential water, energy, and greenhouse gas benefits that can be achieved by implementing 

the recommendations in this report are substantial. Figure ES-5 summarizes annual savings 

benefits that can be reached in Tulare County alone by implementing just three of the 

technology solutions and strategies identified in this report. 
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Figure ES-5: Estimated Annual Savings Benefits from Technology Solutions and Strategies 

 

Water savings from these three technology solutions exceed Tulare County’s annual urban water demand. 

Source:  Water Energy Innovations, Inc. 

The estimates of electric and greenhouse gas emissions benefits are conservative. The first two 

examples in the figure—converting flood irrigation to drip and recycle/reuse of food processing 

water—only consider the estimated amount of electricity embedded in water, and the 

greenhouse gas emissions associated with embedded electricity, that could be reduced by 

saving the water.  The third example—benefits of accelerated change-outs to water efficient 

fixtures—shows high electric and greenhouse gas emissions savings relative to the quantity of 

water saved because it includes estimated energy inputs and related greenhouse gas emissions 

that would be avoided (saved) by reducing use of hot water. These estimates were computed by 

Energy Commission staff in support of the 2015 updates to California’s Title 20 Article 4. 

Appliance Efficiency Regulations that includes codes and standards for water fixtures. 

Additional Benefits 

California advances its market leading water, energy, and climate policy goals through 

continual enhancements to policies, codes and standards, supported by billions of dollars of 

public investment. California’s commitment to a drought resilient and clean energy future has 

already driven technology innovation in multiple key markets: energy efficient lighting, solar 

photovoltaics, battery energy storage, and water efficient fixtures. There is every reason to 

expect that when California establishes performance standards for agricultural water efficiency, 

sustainable groundwater management, groundwater quality, and greenhouse gas emissions, 

technology developers and markets will rush to accept the challenge, bringing new industries 

and jobs. 

Knowledge Transfer 

The research, data, analyses, insights, tools, and other work products developed by this project, 

including video interviews of diverse stakeholders and the project recommendations, are on the 

project website: http://droughtresilience.com. 

The project team designed an online toolkit to accelerate the implementation of technologies 

that can eventually achieve long-term water supply reliability. The toolkit provides technology 

solutions and recommendations to ensure drought resiliency for California by organizing the 

http://droughtresilience.com/
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project’s findings and recommendations and presenting them in an easy-to-access format, 

allowing the entire state of California to utilize the information. These technology solutions and 

recommendations facilitate drought resiliency by increasing agricultural, commercial and 

industrial, residential and outdoor urban water use efficiency. The toolkit  presents the 

project’s research and work products, including technology profiles; financing opportunities 

and barriers; key water legislation within the state; and multiple stakeholder interviews. 
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CHAPTER 1:  
Introduction 

On January 14, 2014, Governor Edmund G. Brown, Jr. issued a proclamation declaring a drought 

state of emergency.1 At the time, California was well into its fourth consecutive year of 

“critically dry” hydrological conditions. By the spring of 2015, it was clear that drought relief 

was not on the horizon. The April 1, 2015 snow course measurement, a key indicator of 

California’s water supplies, shown in Figure 1, reported that the Sierra snowpack water content 

was about 25 percent of “normal” (“historical average” for that time of year).2 The same day, 

Governor Brown issued an Executive Order implementing mandatory statewide urban water use 

reductions and restrictions on water waste.3  

Figure 1:  Snow Course Measurement 

 

Left to right: Frank Gehrke, chief of the California Cooperative Snow Surveys Program for the Department of Water 

Resources; Governor Edmund G. Brown, Jr.; Mark Cowin, then director of the Department of Water Resources. Where 

typically snow would be 5-6 feet high, there was none on April 1, 2015 (Nagourney, Adam. California Imposes First 

Mandatory Water Restrictions to Deal With Drought. New York Times (New York, NY), April 1, 2015.)  

Photo credit: AP Photo/Rich Pedroncelli, APImages 268351470709. 

April 1, 2016, showed an increase to 85 percent of normal.  On April 7, 2017, with substantially 

higher than average precipitation throughout most of the state, the Governor lifted the Drought 

                                                 
1 Governor Edmund G. Brown, Jr. Press Release: A Proclamation of a State of Emergency. January 17, 2014. 

2 Summary of Water Conditions. Department of Water Resources Bulletin 120. 
https://cdec.water.ca.gov/snow/bulletin120/b120apr15.pdf.  

3 Governor Edmund G. Brown, Jr. Executive Order B-29-15. April 1, 2015. 

https://cdec.water.ca.gov/snow/bulletin120/b120apr15.pdf
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Emergency Declaration for all but four counties: Fresno, Kings, Tulare, and Tuolumne.4 

Although Tulare County’s precipitation index for water year (WY) 2017 was 162 percent, the 

county remained under a drought emergency. April 1, 2018 indicated a return to dry 

conditions, with snowpack water content at about 60 percent of normal.  

Presently, California has entered yet another dry year. The California Department of Water 

Resources (CDWR) May 1, 2018 report predicted that WY2018 would end at about 75 percent of 

historical average.5 Water years record hydrology from October 1 through September 30, so 

WY2018 represents total precipitation from October 1, 2017 through September 30, 2018. 

Is the Drought Over? 

CDWR defines “drought” as “Hydrologic conditions during a defined period, greater than one 

dry year, when precipitation and runoff are much less than average.”6 CDWR further explains 

that “Defining drought is based on impacts to water users. … Hydrologic conditions causing 

impacts for water users in one location may not represent drought for water users in a 

different part of California, or for users with a different water supply.”7  

CDWR’s definition provides important context. “Drought” is not determined merely by counting 

the number of consecutive years during which precipitation has been less than “historical 

average,” nor is there a single statewide drought benchmark. With hundreds of microclimates 

and unique water resource portfolios throughout the state, just as occurred during WY2017, 

some areas may experience “drought,” while others are addressing flood risks.  

Tulare County is a marked example. The county typically experiences considerably less 

precipitation than many other areas in California. In addition, there is little diversity in the 

county’s water resource portfolio, leaving residents and businesses vulnerable to shortages of 

surface water and groundwater. Residents that are wholly dependent on a single resource 

(groundwater) are susceptible to health and safety risks when wells fail. At the height of 

drought impacts, the Tulare County Office of Emergency Services reported 1,988 well failures. 

The CDWR recorded two “droughts” over the past ten years: one from 2007-2009,8 and a second 

that started in 2011 (WY2012) that was declared “over” five years later during spring of 

WY2017 for “most” of the state. 9 The Governor’s drought emergency declaration is a policy tool 

that enables bringing funding and other types of emergency assistance. It is important to note 

that the Governor’s 2017 Executive Order declaring an end to the emergency specifically 

                                                 
4 Governor Brown. Executive Order B-40-17. April 7, 2017. 

5  Department of Water Resources Bulletin 120, Summary of Water Conditions. 
https://cdec.water.ca.gov/snow/bulletin120/b120may18.pdf. 

6 California Department of Water Resources, California Water Plan Update 2013 Glossary, (Sacramento, CA, 2014), 11.  

7 California Department of Water Resources, Drought,https://www.water.ca.gov/Water-Basics/Drought. 

8 California Department of Water Resources, California’s Drought of 2007-2009, An Overview, 2010. 

9 Governor Brown’s Executive Order B-40-17 lifted the drought emergency in all California counties except Fresno, 
Kings, Tulare and Tuolumne, where emergency drinking water projects continue to help address diminished 
groundwater supplies. Governor Brown’s Office Press Release. April 7, 2017. 

https://cdec.water.ca.gov/snow/bulletin120/b120may18.pdf
https://www.water.ca.gov/Water-Basics/Drought
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exempted four counties—Fresno, Kings, Tulare, and Tuolumne—that continued to experience 

significant public health challenges in some areas. 

Figure 2:  Reported Well Failures in Tulare County as of November 2, 2015  

 

Source: Tulare County Office of Emergency Services, Report for Week of November 2, 2015 

In Tulare County, the 2007 drought ran into the 2012 drought and when this report was 

written, it was still ongoing as water deliveries continue to communities that have no access to 

water. WY October 2017 through September 2018 is continuing the dry cycle, with precipitation 

to-date at 61 percent of historical average.10 Since there is typically little additional precipitation 

from now through fall, it is highly likely that Tulare will finish the current water year 

substantially below “normal.” 

Tulare County’s Drought Circumstance 

Tulare County occupies 4,839 square miles in South San Joaquin Valley. It is bounded on the 

north by Fresno, to the west by Kings, and to the south by Kern. Tulare, Kern, Kings, and Fresno 

                                                 
10 Compiled from data downloaded from the National Centers for Environmental Information (NCEI, previously known 
as the National Climate Data Center, administered by the National Oceanic and Atmospheric Administration, U.S. 
Department of Commerce): https://www.ncei.noaa.gov/. 

https://www.ncei.noaa.gov/
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comprise 4 of the 5 counties referred to collectively as “South San Joaquin Valley.” Madera, on 

the northern border of Fresno, is the fifth. 

As of July 2017, Tulare County’s population was 464,500.11 The county’s population density is 

relatively low, on average less than 100 people per square mile. The county is the largest 

agricultural producing county in California. 

Water Resources 

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 3:  Groundwater versus Surface Water Supply Use in Dry versus Wet Year 

 

Source: California Department of Water Resources 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 percolation.12 During dry years, the 

inverse occurs. 

The Critical Role of Groundwater 

Tulare County is one of five counties at the southern end of the state’s Central Valley region. 

These five counties, known collectively as “South San Joaquin Valley,” have experienced 

substantial land subsidence,13 primarily due to over pumping of groundwater aquifers that 

caused compaction of the aquifers. As a result, groundwater volumes decrease and depth to 

                                                 
11 “QuickFacts.” U.S. Census Bureau. July 1, 2017.  
https://www.census.gov/quickfacts/fact/table/tularecountycalifornia/PST045217. 

12 “Deep percolation” refers to water that percolates the ground beyond the lower limit of the root zone of plants into 
groundwater. Source: Department of Water Resources (DWR) Water Supply & Balance Data Interface Tool, LITE v.9.1.   

13 “Land subsidence is a gradual settling or sudden sinking of the Earth's surface owing to subsurface movement of 
earth materials.” Land Subsidence in California. U.S. Geological Survey. July 8, 2018. 
https://ca.water.usgs.gov/land_subsidence/.   

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

DRY YEAR WET YEAR 

https://www.census.gov/quickfacts/fact/table/tularecountycalifornia/PST045217
https://ca.water.usgs.gov/land_subsidence/
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groundwater increases, making it more difficult, energy intensive, and costly to pump 

groundwater. 

As shown in Figure 3, these five counties, with very high water demands in critically 

overdrafted groundwater basins, need to become drought resilient as soon as possible. All have 

experienced substantial land subsidence due to over-pumping of groundwater basins, are 

contending with significant water quality concerns due to decades of agricultural runoff 

carrying fertilizers and pesticides into groundwater basins and into natural waterways, and 

have had significant dry hydrology over the past ten years. 

Of the five South San Joaquin Valley counties, Tulare experienced the most serious drought 

impacts. Tulare has little diversity in its water supply portfolio, meeting most of its urban water 

demand with groundwater. About 44 percent of the county’s residential customers—205,000—

are served by 41 small community water systems.14  Ninety nine percent of the water provided 

to residents by community water systems is groundwater.15 The State Water Resources Control 

Board (SWRCB) found that 40 percent of tested wells by community water systems exceeded the 

Maximum Contaminant Level (MCL) for nitrates. Tulare had a further daunting challenge: 

thousands of residents who relied upon a private well as their sole water resource had no 

drinking water when wells went dry. 

These factors, combined with very low annual precipitation over the past ten years, created 

serious problems for the county and its residents. Residents in remote areas that historically 

provided their own water supplies had no groundwater to pump. The challenges to East 

Porterville, an unincorporated area of the county adjacent to the City of Porterville, were well 

publicized, both locally and nationally. The state Office of Emergency Services trucked water to 

residents left without enough water to meet critical needs for drinking, cooking, and sanitation. 

While the state has worked closely with local governments to expedite connection of residents 

to municipal water systems, water deliveries continue today to some communities. 

Recycled Water 

In 2015, the SWRCB conducted a municipal wastewater recycling survey in conjunction with 

CDWR. The purpose of this survey was to estimate the quantity of municipal recycled water 

produced and beneficially reused statewide.16 Cities in Tulare County reported 18,537 acre-feet 

(AF) of recycled water used for agricultural irrigation, primarily secondary undisinfected 

wastewater effluent. The estimated potential for tertiary treated municipal recycled water is 

33,500 AF per year. 

  

                                                 
14 California Health and Safety Code Section 116275(i) defines a “community water system” as a public water system 
that serves at least 15 service connections used by yearlong residents or that regularly serves at least 25 yearlong 
residents of the area served by the system. 

15 State Water Resources Control Board Report to the Legislature. Communities that Rely on a Contaminated 
Groundwater Source for Drinking Water. January 2013. 

16 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. 

https://www.waterboards.ca.gov/water_issues/programs/grants_loans/water_recycling/munirec.shtml
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Figure 4:  Changes in Groundwater Elevations (Water Years 2011-2016) 

 

Note that except for a very small blue area in Kern County and several green areas in Tulare and Kern, groundwater 

elevations decreased considerably since water year 2011 (red areas). 

Source: California Department of Water Resources. Groundwater Information Center Interactive Map Application,   
https://gis.water.ca.gov/app/gicima/. 

For health reasons, undisinfected secondary effluent is 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.17 

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 

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

https://gis.water.ca.gov/app/gicima/
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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, to enable 

using recycled water to displace use of valuable potable water supplies for non-potable 

purposes.  Tertiary treated 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. 

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 (see Figure 5). 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. 

Figure 5: Wastewater Effluent Quality in Tulare County 

 

Source:  Water Energy Innovations, Inc. 

Technological advances in water filtration and disinfection have led to a fourth “purification” 

stage with advanced filtration and ultraviolet disinfection of tertiary treated wastewater.18 The 

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

directly augment potable water supplies. Please see the SWRCB water reuse definitions below 

for details. 

 

                                                 
18 Orange County Water District’s Groundwater Replenishment System and the City of San Diego’s Purewater System 
are examples of supplies that already apply advanced filtration and additional disinfection to tertiary treated 
wastewater. Sources: “GWRS—new water you can count on”, Orange County Water District website: 
https://www.ocwd.com/gwrs/ and “Pure Water San Diego”, City of San Diego website: 
https://www.sandiego.gov/water/purewater/purewatersd.  

https://www.ocwd.com/gwrs/
https://www.sandiego.gov/water/purewater/purewatersd
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The Role of Technology in Building Drought Resilience 

In its simplest terms, “drought resilience” is the ability to sustain extended periods of low 

precipitation without significant harm to people, the economy and the environment. 

Successfully building “drought resilience”, however, whether in Tulare County or anywhere else 

in the state, is a very complex issue—one that requires balancing competing interests and 

priorities among state, federal and local policies, rules, legislation and regulations governing 

public health and safety, the local and state economy, and the environment. 

Clearly, Tulare County is not drought resilient: it was significantly impacted by multi-year 

periods of low precipitation, and the adverse impacts of the 2012-2016 (water years) drought 

continued in Tulare where water is still being delivered to residents that do not have water. 

On a prospective basis, the outlook continues to be serious: while the state received above 

average precipitation during WY201719 (in some places, far too much precipitation, which 

changed the state’s emergency focus from drought to flood), WY2018 is back to “dry.” One wet 

year cannot replenish the groundwater supplies that Tulare and other counties in San Joaquin 

Valley have relied upon for decades. 

Technology Solutions can Accelerate Drought Resilience 

Unlike strategies that require new or enhanced water and wastewater infrastructure that can 

take multiple years to implement, many customer-side strategies and technologies can be 

                                                 
19 Water Year 2017 runs from October 2016 through September 2017. 

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 (for example, unplanned potable reuse). 

 

Source: State Water Resources Control Board (SWRCB) 

Water Reuse Definitions 
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implemented by water customers within a fraction of the time and cost. Given the much shorter 

lead time to implement and potential to substantially increase efficient use of existing water 

supplies, California should fast-track “distributed water resources”: water efficiency (also 

known as “demand side management”) and customer-side wastewater treatment and recycled 

water production. Figure 6 defines the term “distributed water resources” and illustrates  the 

process.  

Figure 6:  Districted Water Resources: On-Site Treatment, Recycle and Reuse 

 

Source:  Water Energy Innovations, Inc. 

For purposes of “drought resilience”, this project focused on identifying and qualifying 

potential technology solutions that can support the State Water Resources Control Board’s 

broad scope as articulated in its mission statement; that is, 

“To preserve, enhance, and restore the quality of California’s water resources and 

drinking water for the protection of the environment, public health, and all beneficial 

uses, and to ensure proper water resource allocation and efficient use, for the benefit of 

present and future generations.” [emphasis added] 

That context is important, since merely assuring sufficient water to meet minimal human needs 

is not enough—water is also a vital resource for both economic stability (jobs) and for 

environmental protection. In fact, insofar as the quantity of water deemed appropriate to 

commit to protection of human health and safety, the state established a provisional standard 

of 55 gallons per capita per day (GPCD) for residential indoor water use by 2020. [Water 

Conservation Act of 2009, SB X7-7 20]  
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Market Facilitation 

The California Energy Commission, which administers the Electric Program Investment Charge 

(EPIC) grant that funded this project, defines market facilitation as “… a range of activities, 

such as commercialization assistance, local government regulatory assistance and streamlining, 

market analysis, and program evaluation to support deployment and expand access to clean 

energy technology and strategies.”20 This project was structured to achieve market facilitation 

by aligning the efforts of multiple diverse stakeholders along all segments of the technology 

adoption supply chain—from technology developers, to targeted adopters—under the unifying 

goal of increasing Tulare County’s drought resilience. 

In context of drought risk mitigation, there are two distinct types of strategies and 

technologies, differentiated primarily by the time needed to achieve targeted results: 

 Near-term: strategies and technologies that can contribute significantly to drought 

resilience within 3 years. 

 Long-term: strategies and technologies that will take more than 3 years to contribute 

significantly to drought resilience. 

Both groups of strategies and technologies are essential, and ideally should proceed in parallel 

so that substantial near-term benefits can be achieved (“low hanging fruit”) while concurrently 

building the path to long-term drought resilience.  

Near-term strategies and technologies are those that can be achieved “today” or “tomorrow”, 

such as those which: 

 Have already been “proven”: 

o Are past the research and development stage, and either pre-commercial or fully 

commercially available. 

o Have one or more successful full-scale installations at one or more facilities and 

for one or more applications. 

 Do not require long-lead times for development and implementation: 

o Do not require California Environmental Quality Act (CEQA) or other types of 

permits and approvals that require multi-year studies and evaluations. 

o Do not require tremendous amounts of capital that require issuing public debt 

or some other long-lead time access to financing. 

o Are achievable within existing polices, laws, regulations, codes and standards. 

 Can be readily assimilated into existing adopters’ facilities, systems and operations: 

o The technology does not require acquisition of additional land or major 

reconfigurations of existing plant, equipment and/or people. 

                                                 
20 California Energy Commission, EPIC Proposed 2018-2020 Triennial Investment Plan, April 2017, Publication Number: 
CEC-500-2017-023-CMF. 
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o The strategy or technology can be readily integrated into existing facilities, 

systems and operations with minimal training of existing staff. 

“Affordability” and “cost-effectiveness” will likely need to be determined on a case-by-case 

basis, since many high potential opportunities to save large quantities of water tend to be 

“customized” solutions (that is, need to be tailored for the specific site and application). 

Long-term strategies and technologies are those which will require several years for design and 

development, before implementation can even begin. These tend to have the following types of 

characteristics: 

 The technology may have been “proven” in pilots but not yet adequately tested in full-

scale applications. 

 The types of applications for which a particular technology may be best suited have a 

lengthy development cycle, requiring one or more of the following:  

o CEQA or other types of permits and approvals that require multi-year studies 

and public hearings. 

o Large amounts of capital that require issuing public debt or other long-lead time 

financing. 

o Changes to state and/or local polices, laws, regulations, codes and standards. 

o Significant changes to existing facilities, systems and/or infrastructure 

(customer or utility-owned, some of which may require moving facilities, 

procuring additional land and/or rights-of-way, and so on). 

 Require significant changes to the technology adopter’s business and operations, 

including but not limited to: 

o Extensive hiring and training of new staff. 

o One or more fundamental changes to the technology adopter’s historical 

business operations. 

o A substantial change in the organization’s policies and corporate culture. 

As for near-term strategies and technologies, “affordability” and “cost-effectiveness” will 

similarly need to be determined on a technology and application specific basis. 

Summary of Findings 

California Drought 

 Drought is a condition of water scarcity accompanied by significant public health, 

safety, environmental, economic, and other impacts. It is not a scientific designation 

that can be made solely by counting the number of consecutive years during which 

precipitation has been less than “normal” (historical average).  

 For that matter, historical average has limited usefulness in context of current and 

future expected water demand. It is a benchmark as to what has been observed during 

recorded hydrological history; but in California, “… hydrologic data cover a limited 
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period of historical record—relatively few stream gauges have a period of record in 

excess of 100 years, and only a few precipitation records extend as much as 150 

years.”21 

 Drought resilience must consider the amount of water supplies available to meet water 

demands over a certain amount of time, within a specific location. Tulare County’s 

drought impacts highlighted the critical role of place in drought resilience—while most 

residents survived the drought with fairly minor inconveniences, some residents were 

left with no water at all. 

 Building drought resilience requires re-examining both water supplies and water uses. 

 A market and cultural change is underway. Where water users once believed that water 

should always be available upon demand, (1) state and local governments and water 

agencies are looking to water users to become proactive about reducing water use, and 

(2) water users within all sectors are becoming increasingly aware of their pivotal role in 

building drought resilience. 

Tulare County’s Drought Challenges 

 The county has a dry climate, experiencing less annual precipitation than many other 

areas in California.22 

 There is little diversity in the county’s water resource portfolio, leaving residents and 

businesses vulnerable to shortages of surface water and groundwater. Groundwater 

supplies most of the county’s urban water demand.23 

o During WY2015 (a dry year), nearly 95 percent of the water demand in Tulare 

County was served by groundwater. 

o All of the county’s groundwater is pumped from aquifers identified by the 

California Department of Water Resources as critically overdrafted. 

o There has been considerable land subsidence throughout the county as a result 

of aquifer compaction due to groundwater depletion. Aquifer compaction makes 

it more difficult to store and retrieve groundwater supplies, and more energy 

intensive (because the groundwater elevations are lower).24 

                                                 
21 Department of Water Resources. California’s Most Significant Droughts: Comparing Historical and Current 
Conditions. February 2015. 

22 See Appendix N:  Tulare County’s Water-Energy Nexus. 

23 See Appendix N:  Tulare County’s Water-Energy Nexus, Table N-2. Water Supplies and Demand by Water Planning 
Year (TAF). 

24 “Land Subsidence: Cause and Effect.” U.S. Geological Survey. https://ca.water.usgs.gov/land_subsidence/california-
subsidence-cause-effect.html. 

https://ca.water.usgs.gov/land_subsidence/california-subsidence-cause-effect.html
https://ca.water.usgs.gov/land_subsidence/california-subsidence-cause-effect.html


23 

o About 44 percent of the county’s residential customers—205,000—are served by 

41 small community water systems.25 Ninety nine percent of the water provided 

to residents by community water systems is groundwater. 26 

 Residents that are wholly dependent on private groundwater wells are vulnerable to 

health and safety risks when wells fail. At the height of drought impacts, the Tulare 

County Office of Emergency Services reported 1,988 well failures. 

 The State Water Resources Control Board (SWRCB) found that 40 percent of tested 

wells by community water systems exceeded the maximum contaminant level (MCL) 

for nitrates.27 

Recycled Water 

 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. 

o In 2017, Visalia became the first city in Tulare County to produce tertiary 

recycled water at its wastewater treatment facility. 

o 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.   

o 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. 

 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. 

 

  

                                                 
25 “’Community water system’ means a public water system that serves at least 15 service connections used by 
yearlong residents or regularly serves at least 25 yearlong residents of the area served by the system.” California Health 
and Safety Code, Division 104 Environmental Health, Part 12. Drinking Water, Chapter 4. California Safe Drinking Water 
Act, Article 1. Pure and Safe Drinking Water § 116275. 

26 State Water Resources Control Board Report to Legislature. Communities That Rely on a Contaminated Groundwater 
Source for Drinking Water. January 2013. 

27 Ibid. 
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Building the Path to Drought Resilience 

The 2012 drought28 is not yet over for Tulare County—even though water year 2017 received 

more than “normal” precipitation, one wet year cannot make up for multiple dry years.29 

In Tulare County, as in other areas throughout California, where residents rely upon a single 

water source and are not connected to municipal water systems, water demand side 

management (conservation and efficiency) can lessen the need for trucked or bottled water but 

will not solve the emergency. Atmospheric water generators (AWGs) that condense humidity 

appear promising but are high energy consumers and low water producers, yielding small 

quantities of water at prices comparable to that of bottled water. 

Pending future technology developments, residents served by a single groundwater well need at 

least one additional water supply to reduce risks to public health and safety. In the meantime, 

the state and county continue to deliver water to residents that have no other water supply 

options. 

For purposes of this project, “drought resilience” is defined as increasing the ability to meet 

water demand and reducing vulnerability to adverse public health and safety, environmental, 

and economic impacts during periods of water supply shortage. Since the focus of this project 

is to increase drought resilience through technologies, traditional infrastructure approaches 

(for example, connecting residents to municipal water systems) were not addressed. Instead, 

the project focused on identifying technologies that could help to build drought resilience by 

reducing Tulare County’s vulnerability to fluctuations in hydrology and short-term availability 

of traditional water supplies. 

In this context, four primary water resource principles emerged: 

1. The highest value water resource from the perspective of drought resilience is water use 

efficiency.  

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

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

c. Groundwater aquifers in Tulare County are critically overdrafted. 

d. Replenishment and potential restoration of the county’s groundwater aquifers is 

a long-term strategy with uncertain results: one gallon of recharge does not 

equate to one gallon of groundwater supply.30 

                                                 
28 In terms of water years, what has been commonly referred to as the “2011-2016” drought, actually spanned water 
years 2012-2016 (October 2011 through September 2016). 

29 See report Figure 2. Groundwater vs. Surface Water in a Dry vs. Wet Year; Figure N-2. Historical Precipitation, Tulare 
Basin (Water Years 2001-2018); and Figure N-3. Annual Precipitation in Visalia (Water Years 2006-2018). 

30 Bagnasco, Wendy and Kelly Bourque, Cristóbal Loyola Angosto, Lindsay McPhail, and Anna Schiller. “Multi-Benefit 

Approaches to Sustainable Groundwater Management A Framework for California’s Groundwater Sustainability 
Agencies and Stakeholders.” Bren School of Environmental Science & Management at the University of California, Santa 
Barbara. April 2018. 
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The highest value water resource strategy is therefore to not use it at all—that is, to 

substantially reduce water use by increasing water conservation and efficiency, leaving 

as much groundwater in the ground as possible, and recharging aquifers whenever there 

is stormwater, urban water, unutilized recycled water, and other suitable water 

resources.  

2. The second highest value water resource from a drought resilience perspective is recycled 

water production and use that reduces water demand, especially potable, both municipal 

and customer-side. Maximizing production and use/reuse of recycled water reduces both 

surface and groundwater withdrawals. 

3. Runoff, whether urban or stormwater, should be collected and used, and treated if needed 

to reduce use of valuable potable water supplies for nonpotable uses. 

4. Groundwater recharge opportunities from natural flows (for example, stormwater runoff 

from precipitation events) should be maximized to the greatest possible extent. 

 

These four principles guided the search for drought resilient technologies described in 

Chapter 2 and Appendix H, Drought Resilient Technologies. 

 
 



26 

CHAPTER 2: 
Drought Resilient Technologies  

A wide variety of technology solutions are available today that can quickly put the state on a 

path to drought resilience, as shown in Table 1. Retrofits or expansions of municipal water and 

wastewater infrastructure typically require multiple years to plan, finance, design and 

construct. On the other hand, many customer-side water-efficient technologies can be 

implemented within a fraction of the time and cost because they are much smaller in scale and 

complexity, and often do not require long lead time (multi-year) environmental permits. 

Table 1:  Examples of Distributed (Customer-Side) Water Resource Solutions 

TECHNOLOGY 
SOLUTIONS 

SECTOR 

RESIDENTIAL COMMERCIAL INDUSTRIAL AGRICULTURAL 

On-Site Recycle/Reuse of 
Stormwater, Wastewater, 
Greywater, Process water, 
Irrigation Runoff 

Stormwater & Greywater 
Process 
Water 

Indoor Agricultural 
Irrigation 

Efficient Plumbing Fixtures Toilets, Faucets, Aerators, Showerheads 

Drip & Other 
Types of Water-

Efficient Irrigation 
Systems 

Water & Energy 
Management Systems 

“Smart” Meters with Climate or Weather-Based Controllers 

Source:  Water Energy Innovations, Inc. 

 

Given the much shorter lead time to implement and the potential to substantially increase 

beneficial use of existing water supplies, these types of customer-side strategies are critical in 

addressing drought issues. 

To facilitate matching to potential applications, candidate technology goals are organized by 

type of technology solution. 

Table 2:  Types of Drought Resilient Technology Solutions 

Source:  Water Energy Innovations, Inc. 

Technology Solution Technology Goal 

Water Use Efficiency Reduce Quantity of Water Needed to “Do the Same Work” 

Reduce Use of Potable 
Water for Non-Potable Uses 

Reduce Use of Potable Water for Non-Potable Purposes 

Increase Local Water 
Supplies 

“Make” Additional Water Supplies by Treating Otherwise Unusable 
Water Resources to Levels Suitable for Beneficial Use/Reuse  

Water Management Tools 
Provide Monitoring and Analytical Tools for Enhanced Decision-making 
about Water Use 
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The drought resilient solutions described herein were identified with the assistance of both 

technology developers and technology adopters (water users). Recommended technology 

solutions listed in Table 3 are described below, along with examples of some candidate 

technologies that appear to offer substantial benefits for the county and its constituents. 

Water Use Efficiency 

Like energy, the lowest cost and fastest approach to addressing water supply challenges is 

often to reduce consumption through a combination of conservation and efficiency. 

 “Conservation” implies conscious behavioral changes by water users, such as choosing 

to take shorter showers. 

 “Efficiency” typically requires some type of hardware change to achieve permanent 

reductions in water use. 

This project focused on identifying hardware solutions that could be implemented by water 

users in Tulare County to advance drought resilience by reducing their water consumption. 

Table 3 groups candidate technology solutions by sector and type of application. Recycled 

water opportunities were also considered for each sector. 

Table 3:  Drought Resilient Technology Solutions by Sector 

 

Agricultural Water Use Efficiency 

Excluding water used for environmental purposes, agricultural uses during “normal” (historical 

average) hydrology years account for about 45 percent of all water used within the state.31 In 

Tulare County, agriculture accounted for 95 percent of net water use during WY2015 (very dry) 

and 86 percent during WY2002 (close to “normal”, historical average). The very high percentage 

of agricultural use in Tulare County is attributable to low urban water use due to low 

                                                 
31 The California Department of Water Resources Water Portfolio Tool estimated total water use in California during 
very dry water year 2015 at 64,129 million acre-feet, with urban water use accounting for 10.9 percent, agricultural 50.5 
percent, and environment 38.6 percent. During an average water year (2002), the relationships were 11.4 percent urban, 
45 percent agricultural, and 43.6 percent environmental. (“Water Supply & Balance Data Interface, ‘Lite’ ver. 9.1.” 
Downloadable from California Department of Water Resources’ website: https://water.ca.gov/Programs/California-
Water-Plan/Water-Portfolios).  

Sector(s) Types of Technology Applications 

Agricultural Increase Crop Yield per Unit of Water Applied 

Commercial and Industrial Waterless and/or Water-Efficient Cleaning Equipment and Facilities 

Residential, Commercial 

and Institutional 

Indoor: Above Code Plumbing Fixtures and Water Efficient Appliances 

Outdoor: Efficient Landscape Irrigation 

https://water.ca.gov/Programs/California-Water-Plan/Water-Portfolios
https://water.ca.gov/Programs/California-Water-Plan/Water-Portfolios
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population density, and relatively few environmental flows32 (10 percent in WY2002 and 2.4 

percent in WY2015).  

During calendar year 2015, agriculture accounted for 42.6 percent of non-residential electric 

energy (kWh) and 49.3 percent of non-residential electric demand (kW).33 

The magnitude of both water and electric resource requirements makes agriculture a very high 

priority for technology investment in Tulare County, since even modest efficiency gains can 

yield tremendous resource benefits. Considerable environmental and economic benefits 

associated with saving water and electricity are also achievable. 

A 5 percent reduction in agricultural water use could have saved 136 thousand acre-feet (TAF) 

during WY2002, more than the total annual urban water demand of 133 TAF. 

During very dry WY2015, a 5 percent reduction in agricultural water use could have saved 

139 TAF—74 percent more water than was needed to meet countywide urban demand of 

80 TAF that year,34 and still more than total urban water use during WY2002, a “normal” water 

year. 

California is not alone. Global water supply and quality pressures have spurred worldwide 

research in agricultural water use efficiency. The scope of explorations has spanned studies 

aimed at understanding the differences among various crops as to the quantity, quality and 

timing of water needed to optimize yields, and improved irrigation technologies that increase 

precision of applied water. Meanwhile, California’s unpredictable hydrological cycles and 

events, policy goals, increasingly stringent regulations, and public health concerns (for example, 

with water quality) have created sophisticated farmers, equally knowledgeable about both 

business and science, that continually assess and reassess the crops that they plant and the 

efficacy of strategies and technologies for reducing regulatory, resource, environmental, and 

economic risks.  

Examples of Water-efficient Technologies 

In this dynamic market, substantial technological advances have been made in agricultural 

water use efficiency over the past several decades, with new technologies coming into the 

market every year. 

 Some technologies focus on continually improving the efficiency of water delivery to 

crops through enhanced research and understanding about various crops’ responses to 

different irrigation methods. 

                                                 
32 Environmental flows are water uses that sustain natural waterways and ecosystems. Environmental flows may occur 

naturally—for example, due to precipitation and runoff. They may also be stipulated by laws or regulation when needed 
to sustain fresh water systems for species, and ecosystems, especially when natural water flows have been diverted or 
may be impeded by manmade dams, surface water storage systems, and other types of manmade barriers that divert or 
interrupt natural water flows. 

33 Southern California Edison. See Appendix N:  Tulare County’s Water-Energy Nexus, Table N-8. Largest Electric 
Consumers by NAICS Code (Calendar Year 2015). 

34 Urban demand during water year 2015 was low due to a combination of water supply shortages and mandatory 
water use reductions. 
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 Some technologies focus on enhancing real-time water management by merging 

telemetry with drones and decision-making software to create tools that enable farmers 

to make water use decisions from their phones. 

 Others are bringing both biological and physical solutions that increase the efficiency 

of water uptake by crops to increase crop yields per unit of water applied. 

Stakeholder Recommendations 

These types of technology solutions have significant value for Tulare, the largest agricultural 

producing county in California. Dairy farming and milk production is the largest agricultural 

activity in Tulare County, using about 52.8 TAF of water per year (17 billion gallons) and 38.2 

percent of annual agricultural electricity. Through meetings with a wide variety of agricultural 

stakeholders (farmers and technical services providers), one technology need that emerged as a 

very high priority for Tulare was the ability to use manure effluent via drip irrigation. 

One of the biggest challenges that dairy farmers face is efficient reuse of manure effluent. 

Conventional manure sludge dewatering processes leave solids that are too large for drip 

nozzles, causing lines to clog. For this reason, alfalfa and other fodder crops are flood irrigated 

with the manure effluent. However, flood irrigation is vastly inefficient compared to other 

irrigation methods. One dairy farmer estimated that enabling use of manure effluent for drip 

would reduce applied water by 20 percent while concurrently increasing yield by 33 percent, a 

net water efficiency gain of 41 percent. This estimate is consistent with a research project 

conducted by Sustainable Conservation, De Jager Farms in Madera County, and Netafirm USA 

that delivers liquid manure to fodder crop roots via subsurface drip irrigation (SDI) that 

determined, “A 2015 pilot of the system on a 40-acre (16.2-hectare) field of silage corn at De 

Jager Farms produced stellar results. Water use efficiency increased by 38 percent, nitrogen use 

efficiency by 52 percent, and corn yield by 15 percent.”35 

Commercial and Industrial Water Use Efficiency 

Statewide commercial and industrial water use during WY2002, a “normal” hydrology year, was 

1,700 TAF, 13.2 percent of total urban water demand. During WY2015, a very dry year, total 

urban water use fell 24 percent. Of that amount, 19 percent was used by the commercial and 

industrial sectors.36 

In Tulare County, commercial and industrial water use accounted for 17 percent of total urban 

water demand during WY2015, close to the same percentage of total applied water during 

WY2002. In actual water volumes, however, commercial and industrial water use fell 

substantially during WY2015, both statewide and in Tulare County.37 

                                                 
35 Postel, Sandra. “California Dairies Join Forces with Conservationists and an Irrigation Supplier to Save Water and 
Reduce Groundwater Pollution.” National Geographic Changing Planet. August 10, 2017. 

36 California Department of Water Resources Water Portfolio Tool, “Water Supply & Balance Data Interface, ‘Lite’ ver. 

9.1.” for Water Years 2002 and 2015.  

37 Ibid.  
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Although commercial and industrial sector water use appears small relative to that of the 

residential sector, there are still many opportunities for water efficiency. When asked about the 

single largest use of potable water for nonpotable uses, many stakeholders identified cleaning 

and washing of facilities, equipment, and vehicles. Several stakeholders including municipal 

water agencies and food processors noted that a significant portion of Tulare County’s valuable 

groundwater is used to wash large vehicles (flatbeds, box trucks, and tank trucks) that 

transport crops and food products. For this sector, the most significant opportunity to save 

water is to reduce use of potable water for non-potable purposes. That broad objective 

encompasses waterless or highly water-efficient equipment, systems, and processes, and 

recycle/reuse of water. 

Within the commercial sector, the amount of water that can be saved depends on the water use 

profiles of specific business segments. For example, restaurants use water to clean dishes and 

kitchens; commercial laundries use water to clean linens, uniforms and other clothing; lodging 

(hotels and motels) use water to clean bedding, linens, and uniforms; and lodging, institutional 

facilities, and commercial buildings provide water for use by guests, tenants, and residents. 

Water use for cleaning of facilities and equipment is significantly larger as a percentage of total 

water use within the industrial sector. It is particularly high in food and beverage (F&B) 

processing where 60 percent or more of process (non-food) water is used for cleaning:38 

 “Clean in place” (CIP) systems clean the interior surfaces of process equipment without 

the need to disassemble the system. 

 “Clean out of place” (COP) systems clean equipment that cannot be cleaned “in place”, 

such as areas where process equipment may need to be disassembled, and/or items that 

are small, complex, sensitive, or difficult to clean. 

 Floors and exterior equipment. 

 Lubricating and cleaning conveyors. 

Table 4 provides examples of water-efficient cleaning and disinfection technologies. 

Other avoidable uses of water include cleaning bottles and cans with waterless technologies 

(“air-rinsing”). In addition, technologies are being developed that displace use of water for 

conveyance of fruit, nuts, vegetables, and other fresh food products throughout a processing 

plant. 

Stakeholder Recommendations 

Food and Beverage On-Site Process Water Effluent Treatment, Recycling, and Reuse 

One California manufacturer of specialty ice creams stated that most of the water use in ice 

cream plants is for cleaning ice cream vats between flavor changes, equipment surfaces (both 

“CIP and “COP”), and facility floors. This manufacturer is considering an on-site primary 

treatment system with advanced filtration and disinfection that will produce a high quality 

                                                 
38 Blake Schomas, Director of Marketing for Nalco Water, an Ecolab company, in an interview with Debra Schug, Food 
Engineering, Reducing water usage in food and beverage processing, April 18, 2016. 
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recycled water that can be used for all non-food purposes. The amount of water estimated to be 

recycled and reused by that one ice cream manufacturer is 80 percent. In addition to reducing 

the manufacturer’s water and wastewater costs and decreasing vulnerability to water supply 

shortages, this strategy helps build drought resilience for the community. Additional 

anticipated benefits are:  

 Minimal discharges to the municipal wastewater treatment plant that is experiencing a 

relatively high frequency of permit violations due to deferred maintenance. 

 Very low energy use (the primary treatment portion of the process uses a 3 horsepower 

pump for only 10-15 minutes per hour for a 15,000 gallon-per-day system). 

Table 4:  Water-Efficient or Waterless Cleaning and Disinfection Technologies 

Technology Name Description Benefits 

Dry Ice Blasting 
(also known as 
Cryoblasting) 

Blasts surfaces with small 
pellets of solid CO2 that 
evaporate and freeze 
substrates on surfaces 

 No residual cleaning chemical 

 No drying time delay 

 Good for sensitive electronics where water 
and chemicals could cause damage 

Biomist Disinfection A misted alcohol for 
disinfection of food and food 
processing surfaces 

 Kills germs on contact and evaporates; 
surfaces and equipment left dry 

 Non-corrosive; can sanitize non-washable 
equipment, electronics, control panels, etc. 

Electrochemically 
Activated Solutions 
(ECA) 

Uses water, table salt and 
electricity to create 2 
solutions: one for cleaning 
and one for sanitizing 

 No additional chemicals or hot water  

 Low operational costs 

 Skin-safe; little danger to workers 

 Can be applied to food products; does not 
affect appearance, taste, or smell 

Ultrasound Antimicrobial agent using 
soundwaves at high power 
and low frequencies 

 Generally considered safe, non-toxic, and 
environmentally friendly 

 Barrier: Lack of case study data  

Cold Plasma Applies electricity to a gas, 
creating ions, radiation and 
excited molecules that 
eliminate pathogens 

 Utilizes non-reactive, non-polluting gases 
and minimal electricity 

 No water use, liquid waste, sewage disposal 

 Non-toxic, can be used with food products 

Source:  Water Energy Innovations, Inc. 

In addition, some non-biological wastewater treatment processes, such as the one being 

contemplated for this application, increase production of biogas, a renewable energy resource, 

by as much as 3-5 times that of conventional biological municipal wastewater treatment 

systems by separating biosolids during primary treatment instead of at the end of the process. 

Conventional municipal wastewater treatment collects biogas at the end of the process, by 

which time significant quantities of biogas have escaped.39 

                                                 
39 Interview with Alex Wright, Clear Cove Systems. 



32 

Vehicle Washing with Recycled Water 

One local government official stated that the single largest use of potable water for nonpotable 

purposes was using groundwater to wash large commercial vehicles that transport crops and 

food products. Several technology companies provide packaged recycled water vehicle washing 

systems for both passenger and commercial vehicles. Existing facilities would need to purchase 

and install these systems, or install other types of retrofits to recycle vehicle wash water, 

incurring incremental costs. 

Estimating the Potential for Water Use Efficiency in Commercial and Industrial Sectors 

The project team was unable to obtain water use data by specific customer segments or end 

uses. However, total water savings potential is likely to be greater than 10 percent for these 

sectors on an average basis, since F&B manufacturers and vehicle washing facilities are very 

large water users and can reduce their water use by 60-80+ percent through on-site production 

and use of recycled water. Since most of the water used in Tulare County for these purposes is 

pumped from groundwater wells, electric consumption would also decrease through avoided 

water pumping. 

Indoor Water Use Efficiency 

California has some of the most aggressive codes and standards for water efficient plumbing 

fixtures and appliances in the nation. California’s Title 20 Appliance Efficiency Regulations 

apply to sellers, not to water users.40 Specifically, Title 20 applies to fixtures and appliances 

that are “sold or offered for sale” in California. In this manner, the state assures that new 

fixtures and appliances purchased in California will meet or exceed current code. Until recently, 

there was no requirement for water users to upgrade fixtures and appliances before the end of 

their “useful life”.  

In 2009, Senate Bill 407 [Padilla, 2009] required that single family residences offered for 

sale on or after January 1, 2017 be equipped with water efficient plumbing fixtures that 

are compliant with then-current California codes. The law requires sellers or transferors 

of single family residences to sign a disclosure attesting to such compliance, or 

disclosing non-compliance. Effective January 1, 2019, sellers or transferors of multi-

family residential properties and commercial properties must similarly comply. In 

addition, multi-family and commercial properties that require building permits and 

meet certain criteria (sum of concurrent permits by same applicant that increase floor 

space in a building by more than 10 percent, and/or total construction costs estimated 

in the building permit exceed $150,000) are required to bring all plumbing fixtures up 

to code. 

Energy Commission staff estimated that annual water savings from 2015 and 2016 code 

changes to indoor water fixtures (toilets, urinals, faucets and faucet aerators, and showerheads) 

                                                 
40 California Energy Commission. 2015 Appliance Efficiency Regulations. Publication Number CEC–400–2015–021. 
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would save about 12.2 billion gallons per year41. The associated annual savings of electricity and 

gas attributable to reduced hot water consumption from increased water fixture efficiencies 

were estimated at 303 gigawatt-hours (GWh) and 46 Mtherm (million therms) respectively, with 

estimated annual reductions of energy-related greenhouse gas emissions of 3.5 million tons. 

Annual savings are projected to be much higher—by nearly a factor of 10—when the existing 

stock of noncompliant plumbing fixtures are projected to be exhausted (referred to as “full 

turnover”) around 2038-2039. Presuming no other changes to California’s water efficiency 

standards occur prior to full turnover, annual savings of 127.4 billion gallons of water, 2,999 

GWh of electricity, and 425 million therms of natural gas are expected, with estimated annual 

reductions of energy-related greenhouse gas emissions of 36.1 million tons of carbon dioxide 

(CO2) equivalents. 

Table 5:  Incremental Annual Statewide Value of Early Title 20 Water Fixtures Change-outs 

Sources: Compiled from [1] California Energy Commission. Staff Analysis of Water Efficiency Standards for Toilets, Urinals and 
Faucets. Publication Number CEC–400–2015–021; [2] California Energy Commission. Staff Analysis of Water Efficiency Standards 
for Showerheads. Publication Number CEC-400-2015-027. 

Key Findings 

1. Annual savings of water, electricity and natural gas, and associated greenhouse gas 

reductions increase by a factor of about ten, once the existing inventory of 

noncompliant plumbing fixtures is fully exhausted (that is, all noncompliance plumbing 

fixtures are replaced with fixtures that comply with codes effective as of 2018). 

2. Substantial incremental water, electric, gas, and greenhouse gas emissions benefits are 

achievable by accelerating the changeout of California’s existing water fixtures (toilets, 

urinals, faucet aerators, and showerheads) as quickly as possible.  

  

                                                 
41 Compiled from [1] California Energy Commission. Staff Analysis of Water Efficiency Standards for Toilets, Urinals 

and Faucets. Publication Number CEC–400–2015–021; [2] California Energy Commission. Staff Analysis of Water 

Efficiency Standards for Showerheads. Publication Number CEC-400-2015-027. 

California Title 20 
Changes to Water Efficiency 
Standards 

Estimated Annual Savings at Inception vs. “Full Turnover” 

Projected 
Year 

Water 
(MG) 

Electricity 
(GWh) 

Gas 
(Mtherm) 

GHGs 
(tons eCO2) 

First Full Year 2018 12,250 303 45 3,511,151 

At “Full Turnover”  2038 127,392 2,999 425 36,099,844 

Incremental Annual Value of Early 
Changeouts 

115,142 2,696 380 32,588,693 
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Recommendations 

1. Substantially enhance financial and technical assistance to encourage residential and 

non-residential water users to upgrade their plumbing fixtures to current or future code 

prior to the end of the fixtures’ useful lives (that is, encourage early retirements of 

existing plumbing fixtures that are not yet in compliance with 2018 codes or their 

successors). 

2. Provide incentives to manufacturers and distributors to bring above code choices to 

Californians. 

Since the cost of purchasing and installing water fixtures is relatively inexpensive, these types 

of measures should be expedited. If the changeout period could be shortened from 20 years to 

5 years—thereby accelerating the annual benefits projected to occur in 2038 by 15 years to 

enable achieving the full annual benefits by 2023—substantial incremental water, electric, gas, 

and greenhouse gas benefits would be earned.  

Figure 7:  Incremental Annual Statewide Benefits by Accelerating Title 20 Changeouts 

 

Source:  Water Energy Innovations, Inc. 

Many 1.5 gallon per minute (gpm) showerheads are available today, both online and in retail 

stores, some with flow restrictors that can dial back flows to as low as 0.5 gpm. Project staff 

obtained prototypes of 1.0 gpm units that are under development, and some that are 

commercially available today. Although California does not yet require residential lavatory 

faucets to use 0.5 gpm aerators, retailers sell these fixtures that receive generally positive 

reviews, especially from parents that stated these aerators substantially reduce water waste by 

their children.42  

                                                 
42 Customer reviews of 0.5 low flow faucet aerators on amazon.com and other purchasing sites. One manufacturer 
received an average score of 4.4 out of 338 reviews that praised the water savings and reduced water waste. One 
package of six 0.5 aerators cost less than $10 including shipping. 
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Outdoor Urban Water Use Efficiency 

The most significant opportunity to reduce use of potable water for nonpotable purposes in the 

urban sector is landscape irrigation: 44 percent of all urban water is used outdoors, primarily 

for landscape irrigation.43 Most of the water used for landscape irrigation is drinking water.44 

On April 1, 2015, Governor Edmund G. Brown, Jr. issued an Executive Order directing, among 

other things, mandatory statewide water use reductions. The stipulated goal was to reduce 

urban water use by 25 percent, an estimated savings of 1.5 million acre-feet.45 The order 

included a directive to replace 50 million square feet of lawns statewide with drought tolerant 

landscaping in partnership with local governments. To implement the Governor’s directive, 

CDWR established a turf replacement rebate program that provided $24 million in grant funds 

to help single family residences replace their lawns. Incentives were paid in the amount of $2 

per square foot with the goal of replacing 10 million square feet of turf to save 300,000 acre-

feet of water each year, which is 20 percent of the Governor’s goal. 

Many of the larger water agencies offered their own rebates, some with assistance from the U.S. 

Bureau of Reclamation’s WaterSmart grant program. 

The emphasis on turf replacements was a simple choice: in its 2013 Water Plan Update, CDWR 

estimated that 34 percent of all residential water use is poured onto lawns and gardens every 

year. Another 10 percent is used for large landscapes by commercial and industrial customers, 

bringing the total amount of water used for urban landscapes to 44 percent (this estimate was 

down from the 50 percent estimated in the 2009 Water Plan). At an estimated annual urban 

water demand of 8 million acre-feet, 3.52 million acre-feet—1.15 trillion gallons per year—is 

poured onto lawns and gardens every year, and most of that water is drinking water. Through a 

combination of climate-appropriate (drought tolerant) plantings and water-efficient irrigation, 

savings of up to 50 percent of water used for urban landscape irrigation have been documented 

by some customers that took advantage of the turf incentives. Half of the amount of water used 

for urban irrigation is approximately 1.76 million acre-feet—88 percent of the targeted 25 

percent urban water use reduction targeted by the Governor’s Executive Order B-29-15. 

To assure that California continues diligence about saving water outdoors, the California Water 

Commission approved a revised Model Water Efficient Landscape Ordinance (MWELO) on 

July 15, 2015.46 Local agencies (cities and counties) are responsible for either adopting the 

state’s MWELO or adopting their own ordinance that must adhere to certain MWELO principles. 

Of particular note is the provision for a “maximum applied water allowance” (MAWA) that 

reduced the percentage of landscape area that can be planted with high water use plants 

                                                 
43 Urban Water Use Efficiency. Department of Water Resources. https://water.ca.gov/Programs/Water-Use-And-
Efficiency/Urban-Water-Use-Efficiency. 

44 Ibid. 

45 Governor Brown. Executive Order B-29-2015. April 1, 2015. 

46 California Water Commission. The 2015 Updated Model Water Efficient Landscape Ordinance, Guidance for Local 
Agencies. June 19, 2015. 

https://water.ca.gov/Programs/Water-Use-And-Efficiency/Urban-Water-Use-Efficiency
https://water.ca.gov/Programs/Water-Use-And-Efficiency/Urban-Water-Use-Efficiency
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(including turf) from 33 percent to 25 percent. Local agencies are responsible for annual 

compliance reporting to CDWR. 

Key Findings 

1. Water agencies, customers, landscape contractors, and irrigation equipment providers 

have become knowledgeable about climate-appropriate plantings and water efficient 

irrigation methods. 

2. Technology developers continue to seek ways to increase irrigation efficiency. 

3. The state’s MWELO is playing an important role in (a) increasing awareness about the 

need to substantially reduce use of potable water for urban landscapes, and (b) keeping 

this issue top of mind among local agencies by requiring annual reports confirming 

compliance and enforcement. 

4. Concurrently, water agencies, local governments, state agencies and others provide 

education for water customers. 

5. Water-smart landscaping requires a statewide culture-change. 

6. The quantity of water that can be saved by fairly simple and cost-effective means are 

too important to ignore. 

Recommendations 

1. The portfolio of policies and programs already in place are effective and do not need 

much technical assistance from the state. 

2. Continued financial assistance remains important, however, water agencies do not have 

access to comparable public purpose financial funds as do energy utilities. 

Reduce Use of Potable Water for Non-Potable Uses 
Throughout California, potable water is routinely used for nonpotable purposes. 

Table 6:  Routine Uses of Potable Water for Non-Potable Uses 

Sectors Non-Potable End Uses Routinely Met by Potable Water 

Residential, Commercial & 

Institutional 

Indoors: Flushing Toilets 

Outdoors: Landscape Irrigation (including parks and golf courses) 

Commercial, Industrial Cleaning: Equipment, Systems, Facilities, Surfaces, Vehicles 

Agricultural 
Irrigation: Non-food and non-edible portions of crops  

Cleaning: Livestock, livestock pens and stalls,  

Source:  Water Energy Innovations, Inc. 

Where potable water supplies are critically low, potable water should be allocated first to 

critical public health needs: drinking, cooking, hygiene, and sanitation.  
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Examples of candidate technologies for recycling and reusing water have been provided in 

previous sections in this chapter by sector. In addition, gray water (relatively clean wastewater 

from kitchens, bathrooms and laundry rooms) can be reused for nonpotable purposes such as 

flushing toilets and landscape irrigation with little or no filtration or disinfection. 

Increase Local Supplies through Groundwater Remediation 

In addition to increased local water storage and recharging depleted groundwater basins, water 

reuse, both gray and recycled, are high priority strategies for increasing local water supplies. 

Within agricultural communities, however, both in California and throughout the world, there is 

an urgent need to remediate contaminated groundwater. 

Nitrate concentrations in many domestic wells in Tulare County exceed safe drinking water 

standards. Nitrates in drinking water are known to cause reproductive issues such as 

methemoglobinemia, or “blue baby disease.”47,48 In response to nitrate concerns, the State Water 

Board contracted with the University of California, Davis (UC Davis) in 2010 to conduct an 

independent study on nitrates in the Tulare Lake Basin and the Salinas Valley. The 5-year field 

study, called Nitrogen Fertilizer Loading to Groundwater in the Central Valley, identified the 

anthropogenic sources49 that contribute to nitrate accumulation in groundwater in the Tulare 

Lake Basin and Salinas Valley.50 The study found the following sources of nitrates:51 

 Cropland (96 percent of total), where nitrogen applied to crops, but not removed by 

harvest, air emissions, or runoff is leached from the root zone to groundwater. Nitrogen 

intentionally or incidentally applied to cropland includes:  

o Synthetic fertilizer (54 percent). 

o Animal manure (33 percent). 

o Irrigation source water (8 percent). 

o Atmospheric deposition (3 percent). 

o Municipal effluent and biosolids (2 percent). 

 Percolation of wastewater treatment plant (WWTP) and food processing (FP) wastes (1.5 

percent of total). 

                                                 
47 “Nitrate poisoning, called methemoglobinemia (“blue baby” syndrome). Toxic effects occur when bacteria in the 
infant’s stomach convert nitrate to more toxic nitrite. When nitrite enters the bloodstream, it interferes with the body’s 
ability to carry oxygen to body tissues. Symptoms include shortness of breath and blueness of the skin around the eyes 
and mouth. Infants with these symptoms need immediate medical care since the condition can lead to coma and 
eventually death.” Source: SWRCB Groundwater Information Sheet: Nitrate. Revised November 2017. Retrieved from 
SWRCB website: https://www.waterboards.ca.gov/gama/docs/coc_nitrate.pdf. 

48 Fan, A. M., & Steinberg, V. E. (1996). Health Implications of Nitrate and Nitrite in Drinking Water: An Update on 
Methemoglobinemia Occurrence and Reproductive and Developmental Toxicity. Regulatory Toxicology and 
Pharmacology. 23:1. 

49 Caused or influenced by human activity. 

50 University of California, Davis (2012). Technical Report 2: Nitrogen Sources and Loading to Groundwater With a Focus 
on Tulare Lake Basin and Salinas Valley Groundwater. 

51 “Nitrate Project.” State Water Resources Control Board. 
https://www.waterboards.ca.gov/water_issues/programs/nitrate_project/index.html. 

https://www.waterboards.ca.gov/gama/docs/coc_nitrate.pdf
https://www.waterboards.ca.gov/water_issues/programs/nitrate_project/index.html
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 Recharge from animal corrals and manure storage lagoons (1 percent of total), 

 Leachate from septic system drainfields (1 percent of total).  

 Urban parks, lawns, golf courses, and leaky sewer systems (less than 1 percent of total). 

 Downward migration of nitrate-contaminated water via wells (less than 1 percent of 

total).  

A Central Valley-wide Salt and Nitrate Management Plan (SNMP)52 was adopted by the Central 

Valley Regional Water Quality Control Board (RWQCB) on June 1, 2018 and will be implemented 

over the next four years. The Nitrate Control Program within the SNMP will require all 

dischargers to evaluate their nitrate contributions and address them either individually or in 

cooperation with other dischargers in a specialized management zone. The SNMP includes a 

conditional prohibition in which permittees discharging nitrate will be prohibited from 

discharging upon receiving a notice to comply unless they are implementing the requirements 

of the Nitrate Control Program. This will lead to increased effort among all dischargers in the 

region to adopt new technologies and strategies for managing their nitrate contributions. Table 

7 lists some of the many technologies that can contribute to this regional effort to remediate 

water quality within California’s agricultural communities.53 

Table 7:  Water Quality Technologies 

Technology 
Components 

Managed 
Suitable Applications 

Algae 
Production 

 Nitrogen 

 Phosphorous 

High-rate algae ponds require a large footprint, but use little 
energy, while photobioreactors have a smaller footprint but use 
more energy. Both are useful for municipal or industrial 
wastewater treatment, and algae ponds can be used for animal 
wastewater treatment. Treated water can be used for municipal 
application, agricultural irrigation, or groundwater recharge in 
most cases. Produces algae by-product as an additional 
revenue stream.  

Anammox  Nitrogen 

Ideal for municipal treatment facilities that lack land to treat 
nutrients and need a low-energy solution. Water needs further 
treatment before being reused. Produces a little sludge.  

Biocatalyst 
Nitrate Removal 

 Nitrogen 

Useful for direct groundwater remediation or, treating drinking 
water from wells, or for nitrate removal from wastewater without 
removing organics. Treated water is potable. 

Biochar 

 Nitrogen 

 Phosphorous 

 Heavy Metals 

 Pesticides 

 Soil Acidity 

Biochar is most effective in soils that have been highly 
degraded due to acidity, heavy metals, compaction, or 
pesticides. Because restorative agriculture management 
practices can take many years to rebuild soil carbon, biochar 
application can be used as a shortcut. Reduces application of 
synthetic fertilizer. 

                                                 
52 Final SNMP adopted on June 1st, 2018. “FINAL SNMP for Central Valley Water Board Consideration, CV-SALTS 
website: https://www.cvsalinity.org/docs/central-valley-snmp/final-snmp.html. 

53 See Appendix F: Technology Solutions for Nitrates for more information about these technologies. 

https://www.cvsalinity.org/docs/central-valley-snmp/final-snmp.html
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Technology 
Components 

Managed 
Suitable Applications 

Cover Crops 
 Nitrogen 

 Phosphorous 

Useful for any crop that doesn’t need surface soil to be cleared 
annually. Reduces application of synthetic fertilizer. 

Forward 
Osmosis 

 Nitrogen 

 Phosphorous 

 Heavy Metals 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Forward osmosis is most effective for industrial users that have 
two solutions: one that must be concentrated and one that 
must be diluted. It can be used for just one solution, but 
requires additional treatment. Food and beverage processors 
such as fruit juice or dairy processing are examples. Treated 
water can be used for municipal application, agricultural 
irrigation, or groundwater recharge Sometimes produces brine, 
depending on the setup, which is difficult to dispose of.  

Membrane 
Bioreactor 

 Nitrogen 

 Phosphorous 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Typically used for large municipal wastewater treatment 
facilities.  Treated water can be used for municipal application, 
agricultural irrigation, or groundwater recharge.  

Nitrification/ 
Denitrification 

Basins 
 Nitrogen 

Common for municipal wastewater treatment facilities that 
need a simple way to meet nutrient discharge TMDLs. Water 
needs further treatment before being reused. Produces sludge.  

No-Till Farming 
 Nitrogen 

 Phosphorous 

Useful for agricultural production that has not yet been 
mechanized, and that does not require raised rows of soil, such 
as fresh fruits. Requires 3-7 years to see many of the benefits. 
Reduces application of synthetic fertilizer. 

Reactive 
Filtration 

 Nitrogen 

 Phosphorous 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Can be used to treat water from agricultural drainage canals, 
stormwater, or municipal wastewater. Treated water can be 
used for direct potable reuse, municipal application, agricultural 
irrigation, or groundwater recharge. 

Reverse 
Osmosis 

 Nitrogen 

 Phosphorous 

 Heavy Metals 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Reverse osmosis is most effective for water with high salinity 
concentrations, or for water that needs to be pure, such as for 
use within laboratories.  Treated water can be used for 
offsetting water for direct potable reuse, municipal application, 
agricultural irrigation, or groundwater recharge. Produces brine, 
which is difficult to dispose of.  

Struvite Beads 

 Phosphorous 

 Nitrogen 

 Magnesium 

Struvite replaces traditional fertilizers and lasts for an entire 
growing season. It is most effective in crops that release 
organic acid anions from their root systems. Reduces 
application of synthetic fertilizer. 
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Technology 
Components 

Managed 
Suitable Applications 

Struvite 
Removal 

 Phosphorous 

 Nitrogen 

 Magnesium 

Useful for large municipal facilities with anaerobic digesters 
and struvite problems. Produces struvite beads which can be 
sold as an additional revenue stream. 

Vermifiltration 
 Nitrogen 

 Phosphorous 

Can be scaled to almost any wastewater application. Great for 
remote areas and small communities. Industries include 
dairies, food and beverage processors, and municipal 
wastewater. Treated water can be used for agricultural 
irrigation. Produces worm castings, a high-value soil 
supplement, and vermicompost which can also be applied to 
agricultural land. 

Source:  Water Energy Innovations, Inc. 

Water Management Tools 

Technologies are advancing at a rapid pace for customer-side water use management. These 

types of real-time monitoring and decision-making tools are being bundled with energy 

management systems and home security systems, and are now being widely offered by telecom 

service providers. 

Advances are also being made in water management tools that enhance real-time decision 

making by water and wastewater agencies. These tools are not directly related to drought 

resilience but can increase efficiencies within centralized water and wastewater treatment 

systems, reducing use and costs of energy and chemicals. 

The actual amount of water that can be saved with the assistance of water management tools 

varies significantly by type of technology and application. 

Summary of Findings 

1. Water and wastewater technologies are developing at an incredibly rapid pace. Potential 

technologies were identified nearly daily through industry e-newsletters and journals, or 

conversations with technology developers and key stakeholders. 

2. Many technically viable distributed water and wastewater technologies exist today that 

could be rapidly deployed to substantially increase near-term drought resilience. Some 

may already be cost-effective without need for subsidies or incentives, others may need 

some financial and/or technical assistance to implement. 

Detailed discussions with technology solutions providers identified many candidate 

technologies for building drought resilience in Tulare County. Importantly, many of 

those can produce substantial water, electric, and greenhouse gas benefits within three 

years. 

3. The primary challenge is that water savings require distributed (customer-side) 

technology solutions. Consequently, water customers must take the actions needed to 

achieve the targeted benefits, but water agencies do not have sufficient programs, 
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funding, or staff resources to help their customers adopt drought resilient 

technologies.54  

4. The following relationships are informative with respect to targeted public investments 

in distributed water resources.  

a. An increase in agricultural water use efficiency of 5 percent would save enough 

water to meet 100 percent of Tulare County’s urban water demands. 

b. Within the urban sector, outdoor water uses of mostly potable water for 

nonpotable purposes (primarily landscape irrigation) continue to be significant. 

During Water Year 2015 (WY2015), outdoor water uses in Tulare County totaled 

42 thousand acre-feet (TAF) (44 percent of total urban water demand). 

c. Residential water uses account for 80 percent of Tulare County’s urban water 

use. Commercial (7 percent) and industrial (10 percent) uses are relatively small, 

collectively accounting for 17 percent of total urban water demand during 

WY 2015. (Commercial and industrial uses were only 4 percent higher during 

WY2011, a wet year.) The remaining 3 percent is used for large commercial 

landscapes. 

d. Dairies accounted for 38 percent of CY2015 agricultural electric use, and dairy-

related manufacturing (milk products, cheese, ice cream) accounted for 87 

percent of food and beverage manufacturing (excluding pet food). 

e. There is significant potential to reduce use of potable water for nonpotable uses 

in every sector. 

In short, every sector has high potential opportunities for drought resilient solutions 

that can begin saving substantial quantities of water within three years or less. Some of 

these technologies also have potential to produce distributed energy resources and to 

reduce greenhouse gas emissions. 

5. Sector-Specific Opportunities 

a. Agricultural Sector.  

i. Tulare is the largest agricultural producing county in the state and the 

largest dairy producing county in the nation. In 2017, Tulare County had 

258 dairy farms with a total of 471,081 milk cows –27.15 percent of the 

total number of milk cows in California:  

ii. There are more cows than people in the county. Increasing agricultural 

water use efficiency just 5 percent would be enough to supply 100+ 

percent of Tulare County’s urban water demand.  

b. Residential Sector. Residential water use efficiency measures are mature and well 

understood. Technology developments in indoor water efficient fixtures and 

appliances are largely driven by California policy, regulations (Titles 20 and 24), 

                                                 
54 See Chapter 4.  
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and public investment. California’s influence on technology innovation can be 

clearly seen in the implementation of 2015 changes to Title 20 Appliance 

Efficiency Regulations: for months, manufacturers and distributors have been 

preparing for the new 1.8 gpm showerhead code that became effective on July 1, 

2018. Some manufacturers have gone further, offering above-code showerheads 

of 1.5 gpm or less. Substantial incremental water, energy, and greenhouse gas 

emissions benefits are achievable by changing out water fixtures sooner than 

later. 

c. Commercial and Industrial Opportunities. Commercial and industrial water users 

typically weigh water availability and costs in context of business risk; 

residential water users view water through the lens of health and safety. 

i. Within the commercial sector, several types of water use reduction 

opportunities are apparent: 

 Large landscape, typically associated with commercial facilities, 

account for 2.3 TAF per year.55 

 Indoors, many opportunities remain for adopting best-in-class 

above code plumbing fixtures and appliances. 

ii. In addition, however, there are unique opportunities to reduce use of 

potable water for non-potable purposes. Several stakeholders stated that 

the largest avoidable use of potable water for nonpotable purposes is 

vehicle washing—not just passenger vehicles, but large commercial 

vehicles (trucks, tractor trailers, and tankers) that are used to transport 

crops and food products. 

iii. Within the industrial sector, the largest users of water and electricity are 

food and beverage processors and related manufacturing. During 

CY2015, dairy-related manufacturing (milk products, cheese, ice cream) 

account for 87 percent of electric use for food and beverage 

manufacturing (excluding pet food). 

6. Investments in distributed water resources are made by customers, reducing the 

amount of capital needed by municipal water and wastewater facilities for repairs, 

replacements, and expansions. Reduced capital and operating costs attributable to these 

types of increased customer-side strategies eventually accrue to water and wastewater 

customers in the form of reduced rates. 

Customer-side programs are most effective when the water or energy utilities work 

closely with their customers to encourage and support adoption. Transitional strategies 

similar to the Competition Transition Charge (CTC) established by Assembly Bill 1890 to 

support the electric utilities’ transition to competitive electric markets are needed to 

protect water and wastewater agencies from revenue shock and stranded investments as 

they help their customers build customer-side water resources. It would be reasonable 

                                                 
55 Department of Water Resources (DWR) Water Supply & Balance Data Interface Tool, LITE v.9.1.   
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for the state to provide financial assistance to water and wastewater agencies that 

encourage their customers to make investments in drought resilient technologies that 

ultimately benefit all Californians.  

7. Risk Mitigation 

a. Diversification is a widely recognized strategy for mitigating risk. In fact, both 

water and energy utilities already seek to diversify their portfolios as much as 

possible to manage supply and delivery risks. 

b. Distributed energy resources already play a major role in building energy 

reliability for the state. The water equivalent is customer-side water use 

conservation and efficiency, and on-site recycled water production and reuse. 

Distributed water resources—water demand-side management (DSM) and on-site 

(“distributed”) wastewater treatment and recycled water production—create valuable 

local water resources. The distributed nature of customer-side actions also reduces risks 

of interruptions to water deliveries due to infrastructure failures. 

Benefits Achievable through Drought Resilient Technologies 

The potential water, energy and greenhouse gas benefits that can be achieved by implementing 

these recommendations are substantial. Figure 7 summarizes annual benefits that could be 

achieved in Tulare County alone by implementing just three of the high potential technologies 

and strategies identified through this project. 

Figure 8:  Estimated Annual Benefits to Tulare County from Three Drought Resilient Strategies 

 

Source:  Water Energy Innovations, Inc. Water savings from the above technology solutions exceed Tulare County’s annual urban 

water demand. Converting flood irrigation to drip statewide could save 1 million acre-feet each year (326 billion gallons, about 12-1/2 

percent of the state’s annual urban water demand). 

The above conservative estimates of electric and greenhouse gas emissions benefits are based 

on the following drought resilient technology strategies: 

 Convert flood irrigation with manure effluent for alfalfa and other fodder crops to drip. 

 Implement customer-side recycle/reuse of processing water used by food and beverage 

manufacturers. 

 Accelerate Title 20 code changeouts for water efficient fixtures and appliances. 
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These estimates are conservative: 

 Estimated electric and greenhouse gas emissions savings for the first two examples—

converting flood irrigation to drip and recycle/reuse of food processing water—only 

consider the estimated amount of electricity embedded in water, and the greenhouse 

gas emissions associated with embedded electricity, that could be reduced by saving 

water.56  

 The third example—benefits of accelerated changeouts to water efficient fixtures—

shows high electric and greenhouse gas emissions savings relative to the quantity of 

water saved because it includes estimated energy inputs and related greenhouse gas 

emissions that would be avoided (saved) by reducing use of hot water. These estimates 

were computed by Energy Commission staff in support of the 2015 updates to 

California’s Title 20 Article 4. Appliance Efficiency Regulations that includes codes and 

standards for water fixtures.57 

The assumptions and computations underlying these estimates are provided in Appendix P. 

 

 

                                                 
56 Electric savings attributable to converting flood irrigation to drip was calculated at a conservative 275 kWh/acre-foot 
(AF) for avoided agricultural water pumping. Electric savings attributable to onsite treatment, recycle and reuse of food 
processing wastewater was calculated at an average electric intensity of 1,484 kWh/AF (this amount includes avoided 
electric inputs to municipal water supplies and municipal wastewater treatment attributable to the saved and recycled 
food processing water). 

57 Compiled from [1] California Energy Commission. Staff Analysis of Water Efficiency Standards for Toilets, Urinals 
and Faucets. Publication Number CEC–400–2015–021; [2] California Energy Commission. Staff Analysis of Water 
Efficiency Standards for Showerheads. Publication Number CEC-400-2015-027. 
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CHAPTER 3: 
Government Plans and Policies 

Beginning in 2014, California experienced severe drought conditions that threatened water 

supplies throughout the state.  The Governor and Legislature responded by adopting state laws 

and regulations that directed local water suppliers and local governments to eliminate water 

waste and increase water conservation.  Several state agencies were directed to help local water 

suppliers, local governments and other water users become drought resilient.  Since that time, 

the CDWR, SWRCB, the California Public Utilities Commission (CPUC), the California Department 

of Food and Agriculture (CDFA), and the Energy Commission have worked with local water 

entities to reduce water waste, increase the wise use of water, and more efficiently manage 

water use throughout California. Initially, state rules and regulations focused on basic uses but 

have expanded over the past four years to require stronger and more comprehensive water 

conservation actions by local water entities.  

On May 31, 2018, Governor Edmund G. Brown, Jr. signed two bills that, among other things, 

codified a statewide indoor water use efficiency standard of 55 gallons per capita per day:58 

Senate Bill 606 Water Management Planning (Hertzberg, 2018) and Assembly Bill 1668 Water 

Management Planning (Friedman 2018). These two bills are designed to work in concert to 

establish urban water conservation and efficiency objectives by November 1, 2023. Urban water 

suppliers will be required to achieve the objectives that they establish, and report progress to 

the SWRCB. The SWRCB has been charged with adopting regulations implementing these bills 

and enforcing compliance. Primary changes to state water policy made by these bills include the 

following: 

 Implement a statewide indoor urban water use standard of 55 gallons per person per 

day (gallons per capita daily, or GPCD) until January 2025 and decrease over time.  

 Establish an outdoor water use standard based on land cover, climate, and other factors 

determined by DWR and SWRCB, to be adopted by SWRCB by June 2022. 

 Establish and adopt a water leaks standard by July 2020 pursuant to prior legislation 

(Senate Bill 555 Urban Retail Water Suppliers: Water Loss Management [Wolk 2015]). 

SB606 and AB1668 also require that agricultural water suppliers update and submit to DWR 

annual water budgets, on or before April 1, 2021 and every five years thereafter, for review. 

 

 

                                                 
58 “California Statutes on Making Conservation a California Way of Life.” State Water Resources Control Board. 
https://www.waterboards.ca.gov/water_issues/programs/conservation_portal/california_statutes.html. 

https://www.waterboards.ca.gov/water_issues/programs/conservation_portal/california_statutes.html
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Tulare County Water Efficiency 

Goals, Plans and Policies  

Tulare County, its unincorporated areas, 

and the county's incorporated cities 

updated their respective General Plan 

goals, policies, ordinances and processes to 

comply with state-mandated water 

conservation requirements. The new policy 

enacted on May 31, 2018 will require 

additional changes. 

The county’s urban water suppliers already 

prepare Urban Water Management Plans 

that require increasing recycled water 

supplies and preparing water shortage 

contingency plans.59  Since all of Tulare 

County’s groundwater basins and sub-

basins have been designated “critically 

overdrafted” by CDWR, local water 

suppliers must also establish and/or 

participate in Groundwater Sustainability 

Agencies (GSAs) and prepare Groundwater 

Sustainability Plans (GSPs) that reduce use 

of limited groundwater supplies and 

participate in groundwater recharge.60  

State Laws and Regulations for Efficient Water Use and 
Drought Resilience 

With the onset of the state's drought, the Governor and Legislature directed state agencies to 

work with local water suppliers and local governments to: 1) save more water; 2) increase 

enforcement of water conservation; 3) streamline government response; and 4) invest in new 

technologies.  Local cities and counties were required to reduce urban water use by 25 percent 

from 2013 usage levels. Other key directives required local water suppliers to:  

 Direct commercial, industrial, and institutional properties, such as campuses, golf 

courses, and cemeteries, to implement water efficiency measures to reduce potable 

water usage. 

                                                 
59 Urban Water Management Plans. California Department of Water Resources. https://water.ca.gov/Programs/Water-
Use-And-Efficiency/Urban-Water-Use-Efficiency/Urban-Water-Management-Plans.  

60 SGMA Groundwater Management. California Department of Water Resources. 
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management.  

The Urban Water Management 

Planning Act requires every public and 

private urban water supplier to prepare 

and adopt an Urban Water 

Management Plan (UWMP) that: 

 Assesses the reliability of water 

sources over a 20-year planning 

time frame. 

 Describes water demand 

management measures and 

water shortage contingency 

plans. 

 Reports progress toward meeting 

a targeted 20 percent reduction 

in per-capita (per-person) urban 

water consumption by the year 

2020. 

 Discusses the use and planned 

use of recycled water. 

Source: “Urban Water Management Plans”, 
Department of Water Resources 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
https://water.ca.gov/Programs/Water-Use-And-Efficiency/Urban-Water-Use-Efficiency/Urban-Water-Management-Plans
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management
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
https://water.ca.gov/Programs/Water-Use-And-Efficiency/Urban-Water-Use-Efficiency/Urban-Water-Management-Plans
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 Prohibit irrigation with potable water for ornamental turf in public street medians and 

potable water for landscape irrigation for new developments that are not delivered by 

drip or micro-spray systems. 

 Consider the development of local rate structures and other pricing mechanisms, 

including but not limited to surcharges, fees, and penalties, to maximize water 

conservation consistent with statewide water restrictions.  

State agencies were required to:  

 Identify local water agencies in high and medium priority groundwater basins and 

require them to implement all requirements of the California Statewide Groundwater 

Elevation Monitoring Program. 

 Provide technical assistance and give priority in grant funding to public agencies for 

actions necessary to comply with local ordinances. 

 Help agricultural water suppliers that supply water to 10,000 to 25,000 acres of 

irrigated lands develop Agricultural Water Management Plans with a detailed drought 

management process to manage water demand during a drought. 

 Give priority in grant funding to agricultural water suppliers that supply water to 10,000 

to 25,000 acres of land for development and implementation of Agricultural Water 

Management Plans. 

 Update the State Model Water Efficient Landscape Ordinance for use by local water 

suppliers to increase water efficiency standards for new and existing landscapes, for 

example more efficient irrigation systems, gray water usage, onsite storm water capture, 

and limiting landscape areas that can be covered in turf. 

 Provide funding for lawn replacement programs in underserved communities, which will 

complement local programs already underway across the state.  

 Implement a statewide appliance rebate program to provide monetary incentives for the 

replacement of inefficient household devices.  

 Establish standards that improve the efficiency of water appliances, including toilets, 

urinals, and faucets available for sale and installation in new and existing buildings. 

 Implement a Water Energy Technology (WET) program to deploy innovative water 

management technologies for businesses, residents, industries, and agriculture to 

accelerating use of cutting-edge technologies such as renewable energy-powered 

desalination, integrated onsite reuse systems, water-use monitoring software, irrigation 

system timing and precision technology, and on-farm precision technology.61    

In 2016, state agencies were charged with developing additional and stronger water 

conservation directives for local water suppliers and local governments: 1) use water more 

wisely; 2) eliminate water waste; 3) strengthen local drought resilience; and 4) improve 

agricultural water use efficiency and drought planning.  Major directives include:  

                                                 
61 California Office of the Governor. Executive Order B-29-15. 2015. 
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 Use water more wisely   

o Develop new water targets to achieve a 20 percent reduction in urban water usage by 

2020 based upon strengthened standards for: 1) indoor residential per capita water 

use; 2) outdoor irrigation, that includes landscape area, local climate; 3) commercial, 

industrial and institutional water use; and 4) water lost through leaks.   

o Permanently require urban water suppliers to report on their water usage, 

conservation achieved, and enforcement efforts. 

 Eliminate water waste 

o Permanently prohibit practices that waste potable water, such as hosing off 

sidewalks, driveways and other hardscapes; washing automobiles with hoses not 

equipped with shut-off valve; etc.  

o Minimize water system leaks that waste large amounts of water. 

o Direct urban and agricultural water suppliers to accelerate data collection. 

o Require state-certification of innovative water conservation and water loss detection 

and control technologies that also increase energy efficiency. 

 Strengthen local drought resilience 

o Strengthen requirements for Urban Water Shortage Contingency Plans for urban 

water suppliers and local agencies. 

 Improve agricultural water use efficiency and drought planning 

o Update Agricultural Water Management Plan requirements to identify and measure 

increased water efficiency. 

o Permanently require Agricultural Water Management Plans by water suppliers with 

over 10,000 irrigated acres of land.62 

In 2017, Governor Brown lifted the state's drought emergency order, except for the counties of 

Fresno, Kings, Tulare, and Kern, and ended mandatory water conservation levels. State agencies 

were directed to work with local water entities to increase permanent water conservation, 

improve water use efficiency within local communities and agricultural production, and 

strengthen local and regional drought planning for California's resilience to drought and 

climate change. Executive Order B-37-16 "Making Water Conservation a California Way of Life " 

was retained and the state agencies and water suppliers and local governments were directed 

to: 

 Continue the development of permanent prohibitions on wasteful water use and 

requirements for reporting water use by urban water agencies.  

 Set new urban water use targets that include indoor use, outdoor use, and leaks.   

 Establish performance measures for commercial, industrial and institutional water use.     

                                                 
62  California Office of the Governor. Executive Order B-37-2016: Making Conservation a California Way of Life. 2016. 
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 Provide technical assistance and urban landscape area data for determining efficient 

outdoor water use. 

 Accelerate data collection by urban and agricultural water suppliers, improve water 

system management practices.  

 Identify mechanisms that encourage adoption of rate structures and other pricing 

mechanisms to promote water conservation.63 

The Sustainable Groundwater Management Act (SGMA) became law in 2014 and created a 

framework to manage California's groundwater, which was severely overdrawn due to extended 

drought conditions. Recognizing that groundwater management is best accomplished locally, 

state regulations directed local water suppliers to establish new Groundwater Sustainability 

Agencies (GSAs) to assess the conditions of their local groundwater basins and take steps to 

reduce overdrafts. Each GSA is required to develop a Groundwater Sustainability Plan (GSP) by 

2020 that would have to attain water sustainability by 2040.  Once established, Groundwater 

Sustainability Plans could be another tool for implementing water technologies that reduce 

groundwater usage. SGMA also required local water agencies to collect water data and report 

groundwater conditions to the state, provide descriptions of current and historical groundwater 

conditions, and “water budget” elements, among other things.64   

Local Policies, Plans, and Ordinances 

Tulare County has two major water sources: surface and groundwater.  The county is 

responsible for several unincorporated communities and hamlets throughout the county and 

works closely with its eight independent incorporated cities. 

The county and incorporated cities manage water usage through adopted General Plan goals 

and policies, local ordinances, rules and processes. Once developed, GSPs will be another tool 

for managing water use.   

The county and its incorporated cities have adopted basic policies and ordinances that conform 

to the state's mandatory-water conservation requirements as they existed prior to the new law 

enacted on May 31, 2018.  Adopted Water Conservation Plans minimize outdoor water use 

during severe drought conditions. Water restrictions apply in escalating stages based upon the 

severity of drought conditions.65 Water efficient landscape irrigation and water efficient 

building requirements were adopted through General Plans, policies, ordinances and rules.66 

Local jurisdictions’ water conservation requirements vary because they are tailored to each 

jurisdiction's unique, local circumstances. Variations include building types; zoning 

                                                 
63 California Office of the Governor. Executive Order B-40-2017 Drought Emergency Lifted and Retain Prohibitions on 
Wasteful Water Practices. 2017. 

64 Sustainable Groundwater Management Act, Chapters 346-348, Statues of 2014. 

65 Tulare County Ordinance, Code Sections 8-07-1000 et. seq.; City of Tulare Ordinance Code Sections 7.32.010 et.seq., 
Visalia Municipal Code Sections 13.20.010 et.seq., Dinuba Municipal Code Sections 13.05.010 et. seq., Porterville Water 
Conservation Plan, Adopted August 19, 2014.   

66 Tulare County Water Efficient Landscaping Ordinance, Sections 7-1-1000 et.seq., other incorporated cities require the 
use of the Department of Water Resources Municipal Water Efficient Landscape Ordinance.  
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classifications, such as residential, commercial, industrial; building or landscape area sizes; 

types of water conservation devices required in new and/or retrofitted buildings. Many 

jurisdictions' ordinances require local developers to adhere to current California State Building 

Standards, the California State Plumbing Code, and/or LEED Building Design Standards.   

Examples of General Plan goals, policies, and implementation measures for conserving water 

are included in Tulare County's General Plan 2030 Update.67 The county's five largest 

incorporated cities have adopted similar water conservation goals and policies to ensure 

compliance with state-mandated water conservation requirements: 1) water conservation plans 

that limit water use in stages during drought conditions; 2) water efficient landscape 

requirements; 3) water conservation measures for certain development types, for example low-

flow toilets, landscape water meters for certain residential  buildings.  Some cities have adopted 

stronger policies, such as the capture and reuse rainwater and use of gray water systems. These 

technologies are encouraged but not required. 

Almost all local governments' General Plans and policies focus on ensuring adequate water 

supplies and recharging groundwater. Some General Plans "encourage" the use of water 

conservation technologies, but there are few implementation measures, requirements, or 

enforcement efforts to ensure that these types of technologies are included in development 

projects.   

The state’s recycled water policy68 targets increasing recycled water in California to 1 million 

acre-feet per year (AFY) by 2020 and 2 million AFY by 2030 over 2002 levels.  Several 

jurisdictions list goals, policies and steps to ensure treatment of wastewater. In fact, several 

incorporated cities will increase the amount of treated wastewater; however, since most of the 

municipal recycled water in Tulare County is secondary undisinfected effluent, these policies 

limit use to agricultural lands, landscape irrigation or recharge basins, rather than the 

reduction of potable water use for non-potable purposes.  

SGMA identifies Tulare County as a high-priority area because of its critically over-drafted 

groundwater basins. Fifteen GSAs were established in Tulare County to implement SGMA.69  The 

county participates on four GSAs and monitors the rest. GSAs with critically overdrafted basins 

are required to prepare GSPs. Failure by a GSA to complete or implement a GSP could result in 

CDWR assuming control over local groundwater operations.  

Many GSAs are discussing the advantages of water recycling and reuse.  The GSPs could be a 

vehicle to include more water conservation measures and technologies to reduce the use of 

groundwater. 

                                                 
67 See Appendix A: California’s Drought Policies, Summary of Tulare County's Major Water Goals taken from its General 
Plan 2030 Update, Goals and Policy Report.   

68 State Water Resources Control Board. Recycled Water Policy. As modified by State Water Board Resolution 2013-0003 
(January 22, 2013). 
https://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/2013/rs2013_0003.pdf. 

69 See Appendix D: Groundwater Management, Sustainable Groundwater Management Act. 

https://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/2013/rs2013_0003.pdf
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Local Policy Opportunities 

There are many opportunities for strengthening local government policies, plans, codes, 

ordinances, and other local government policy tools to build drought resilience in Tulare 

County, such as the following: 

 There is no single drought plan or vision for the entire county. 

 Even though the county and its largest five cities encourage water recycling, until 

recently, few planned to increase treatment levels to tertiary to enable reducing use of 

potable water for nonpotable uses. 

 Most jurisdictions’ water rules focus on conventional residential strategies such as 

water efficient landscaping and some indoor water efficient fixtures such as low-flow 

toilets. Few existing programs provide incentives or mandates for incorporating water 

efficient technologies into commercial or industrial facilities.70  

 The county’s wastewater treatment facilities lack recycled water distribution systems 

(“purple pipe”) to deliver treated wastewater effluent to urban water users.  

 Local governments competing for economic development opportunities are generally 

reluctant to require potential new businesses to incur additional costs to site within 

their respective jurisdictions, even when doing so could help to build drought resilience 

for all residents and businesses. 

 Many local government policies call for increased education about recycled water and 

water efficient technologies, but few have resources to fund education.  

 The county has many unincorporated communities with scattered customers on wells 

and septic tanks. Requiring water recycling could damage septic tanks.  

 Most of the populated areas of Tulare County on the western side are comprised of 

disadvantaged communities (DACs). DACs tend to have limited financial resources. Of 

necessity, DACs prioritize repairs to critical water infrastructure over investments in 

new technologies.   

 Enforcement of Tulare County water ordinances is more costly and time-consuming 

than in other California counties because of low population densities throughout the 

county. 

Summary of Findings 

1. The Governor and the Legislature directed state agencies to work with local water 

suppliers and local governments to: i) save more water; ii) increase enforcement of water 

conservation; iii) streamline government response; and iv) invest in new technologies.  

Commencing 2015, cities and counties were required to reduce urban water usage by 25 

percent from 2013 usage levels. On May 31, 2018, Governor Brown signed Senate Bill 

606 [Hertzberg] and Assembly Bill 1668 [Friedman] that: 

                                                 
70 Most agricultural water is provided by wholesale water purveyors or irrigation districts; consequently, few urban 
water agencies have specific agricultural water use efficiency programs. 
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a. Establishes a goal of 55 gallons per day (gpd) per person for indoor water use by 

2022, decreasing to 52.5 gpd in 2025, and decreasing again to 50 gpd in 2030. 

b. Creates incentives for water suppliers to recycle water. 

c. Requires both urban and agricultural water suppliers to establish annual water 

budgets and prepare for drought. 

2. There is no single drought plan or vision for the county. Instead, many drought 

mitigation and resilience activities are being separately conducted by multiple 

stakeholders to comply with rapidly evolving state and regional water policies, rules, 

and regulations. Groundwater is one of Tulare County’s two major water resources, with 

surface water serving most of the county’s agricultural and environmental water 

demand during wet years, and groundwater serving most of all water demand during 

dry years. All three of the groundwater sub-basins serving Tulare County (Kings, Tule, 

and Kaweah) are deemed “critically overdrafted”. Consequently, the county’s water 

stakeholders are presently focused on implementing the state’s Sustainable 

Groundwater Management Act (SGMA).71 

3. The level of staff and consultant resources dedicated to SGMA is unprecedented, 

complicated by establishment of fifteen Groundwater Sustainability Agencies (GSAs) for 

the county’s three sub-basins. Many water stakeholders stated that although they feel a 

need to participate in multiple GSAs, they have neither the time nor staff resources to 

cover them all. They therefore pick and choose which meetings appear most important, 

leaving gaps in both their opportunity to provide input and their knowledge about what 

each GSA is planning. 

4. Multiple state grants have been established to help GSAs, farmers, dairies, and other 

affected stakeholders implement the plans and actions that are needed to comply with 

new state water regulations. Still, the portfolio of actions that affected stakeholders will 

need to implement is daunting, and the process of applying for and obtaining state 

financial assistance is not simple, and not guaranteed. In addition, while grants are 

being made available to water and wastewater utilities, and agricultural water suppliers, 

there is no state grant program to encourage and help their customers—water users—

adopt high potential drought resilient technologies. 

5. Most of the populated areas of Tulare County are classified as “disadvantaged” by the 

state’s CalEnviroScreen72 tool that computes numeric scores by census tract to 

determine eligibility for DAC assistance. Local government officials observed that many 

                                                 
71 A three-bill legislative package, composed of AB 1739 (Dickinson), SB 1168 (Pavley), and SB 1319 (Pavley), collectively 
known as the Sustainable Groundwater Management Act (SGMA), signed into law by Governor Brown on September 16, 
2014 [California Water Code § 10720]. Source: Department of Water Resources website, 
https://www.water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management. 

72 CalEnviroScreen is a mapping tool that helps identify California communities that are most affected by many 
sources of pollution, and where people are often especially vulnerable to pollution’s effects. CalEnviroScreen uses 
environmental, health, and socioeconomic information to produce scores for every census tract in the state.” 
Communities with scores in the top quartile (> 75%) are considered “disadvantaged.” “About CalEnviroScreen.” Office of 
Environmental Health Hazard Assessment (OEHHA) website: https://oehha.ca.gov/calenviroscreen.  

https://www.water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management
https://oehha.ca.gov/calenviroscreen
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of the impacts DAC programs are designed to address, such as water quality and air 

pollution, do not observe census tract boundaries.73 

Recommendations for Reducing Potable Water Use 

The lack of new water supplies, increased population growth, and higher potable water demand 

requires more comprehensive water conservation and management actions by Tulare County 

and its largest cities.  

1. Incorporated cities should evaluate their largest water users for appropriate on-site 

water recycling technologies that reduce potable water demand. 

a. The highest urban water use for these cities are single family residences, which 

is expected to grow to 57,115 acre-feet in 2025.  Mandatory water recycling and 

gray water technologies in new residential development would help reduce the 

use of potable water. 

b. The City of Tulare also has large truck transport companies that wash tanker 

trucks and 18-wheeler trucks. Retrofitting these and future vehicle washing 

facilities would reduce groundwater use.   

2. Expand the use of treated wastewater to include offsetting limited potable water.  More 

than 1 million gallons a day of water—87 percent of the total municipal wastewater 

treated in Tulare County—are treated by the Cities of Visalia, Tulare, Porterville, Dinuba, 

Cutler-Orosi, and Exeter. Visalia recently implemented tertiary treatment. All other 

existing municipal wastewater facilities treat wastewater to secondary undisinfected 

quality. Due to health and safety regulations, secondary undisinfected effluent is 

restricted to irrigation of non-food crops. Further, secondary undisinfected effluent 

cannot be used for any purposes that might create direct contact with humans. 

Consequently, it cannot be used for many of the nonpotable purposes that currently use 

potable water, such as irrigating parks and playgrounds. 

The cities of Porterville and Tulare plan to implement tertiary treatment in the future. 

Smaller cities and communities need new technologies to cost-effectively upgrade their 

systems to tertiary. 

3. Establish a county-wide Drought Resilience Committee that includes the county’s water 

purveyors, electric utilities, community and business leaders, and other key water 

stakeholders to collaborate and coordinate on development and implementation of a 

plan to reduce use of potable water for non-potable uses.   

4. Revise General Plan goals, priorities, rules, regulations, processes, for example 

construction requirements, building permit processes to increase water efficiency and 

recycled water production and use. 

                                                 
73 These and other issues associated with DAC program implementation are provided in Appendix L: Disadvantaged 
Communities, along with some recommendations for improving delivery of DAC benefits to the intended beneficiaries. 
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5. Provide developer incentives such as reduced or waived permit fees, storm water fee 

reductions, expedited permits and approvals, and other local government services that 

have monetary value to developers. State grants and/or rebate programs may be 

available to support these types of programs. Partnerships with water agencies and 

energy utilities (electric and gas) may also be leveraged to provide incentives to 

residents and businesses to adopt drought resilient technologies. 
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CHAPTER 4: 
Accelerating Development of Distributed 
Water Resources 

California Leadership in Technology Innovation  

As the 5th largest economy in the world,74 California has enormous influence in virtually every 

market. With more than 12 percent of the nation’s population, California has tremendous 

buying power, assuring that California’s market leading resource and environmental policies 

will spark interest and enthusiasm from a wide range of entities that envision playing a 

significant role in bringing new products and services that help to meet California’s visionary 

goals. 

California’s ambitious clean energy goals combined with the heft of California’s buying power 

was the single largest factor in establishing the national (and international) solar photovoltaic 

(PV) markets which, prior to the 2007 California Solar Initiative, had been faltering. Figure 8 

shows how California’s commitments to solar drove market prices down at a much more rapid 

pace than “business as usual” could ever accomplish. 

Figure 9:  Inverse Relationship of Average Solar Photovoltaic Prices and California Installations 

 

Source: Compiled from California Distributed Generation Statistics website: https://www.californiadgstats.ca.gov/charts/csi  

The above chart shows the significant decrease of solar PV costs (the blue and orange lines) 

driven in large part by California’s $3.3 billion commitment to the California Solar Initiative and 

the New Solar Homes Partnership Program.75   

                                                 
74 Bureau of Economic Analysis. Gross Domestic Product by State: Fourth Quarter and Annual 2017. May 4, 2018. 

75 “About Go Solar California.” Go Solar California. http://www.gosolarcalifornia.ca.gov/about/index.php.  

https://www.californiadgstats.ca.gov/charts/csi
http://www.gosolarcalifornia.ca.gov/about/index.php
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Similarly, California’s call for battery energy storage to support its growing portfolio of solar 

and wind resources under its aggressive Renewable Portfolio Standard76 is driving the global 

energy storage market.77 California also accounts for nearly 50 percent of the national market 

for plug-in electric vehicles.78 

In fact, California has been driving technology innovation for many years through its visionary 

energy and environmental policies and aggressive codes and standards. On the horizon: 

 On January 1, 2018, California’s new Title 20 Appliance Efficiency regulations 

stipulating performance requirements for lighting became effective. The new regulation 

(adopted in January 2016) created “first-in-the-nation energy standards for the next 

generation of light bulbs.”79 Energy Commission staff estimated electric savings from 

these new standards of 3,000 GWh per year at full turnover of existing lightbulb 

inventories, projected to occur by 2029. This new regulation is also estimated to avoid 

10.3 million metric tons of CO2 equivalents between 2017 and 2029.80 

 On May 9, 2018, the Energy Commission adopted building standards that will require, 

among other things, that all new homes built on or after January 1, 2020 have solar PV 

systems.81  

 On July 1, 2018, water efficiency standards adopted in 2015 became effective. Under 

this regulation, showerheads sold in California cannot exceed 1.8 gpm.82  

Attesting to California’s market leadership is the fact that suppliers along all segments of these 

supply chains rush to provide the new products and services needed to meet California’s new 

efficiency codes. More than that, many suppliers also seek to be among the first that offer 

above-code fixtures that exceed California codes and standards. Many suppliers had 1.5 to 

1.8 gpm showerheads available for purchase long before the Title 20 effective date of July 1, 

2018. Some, anticipating niche markets for the ultra-committed customers, are marketing 

showerheads that can be dialed down to even lower flows—some as low as 0.5 gpm. 

California doesn’t disappoint, with billions of dollars made available every year to support 

adoption of efficient measures and strategies. During calendar year (CY) 2017, ratepayer 

                                                 
76 Senate Bill 350, De León. Clean Energy and Pollution Reduction Act of 2015, 50% renewable energy by 2030. 

77 The Climate Group. How California is Driving the Energy Storage Market Through State Legislation. April 27, 2017. 

78 The International Council on Clean Transportation (ICCT). Update: California’s electric vehicle market. May 2017. 

79 California Energy Commission Press Release. Energy Commission Adopts Lighting Standards to Save More Than $4 
Billion in Electricity Costs. January 27, 2016. 

80 California Energy Commission. Energy Efficiency Standards for Lighting, Frequently Asked Questions. Publication 
Number CEC-400-2015-041-FS. 

81 California Energy Commission. 2019 Building Energy Efficiency Standards, Frequently Asked Questions.  

82 California Energy Commission Press Release. Energy Commission Approves New Standards to Save 38 Billion Gallons 
of Water. August 12, 2015. 
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investments in regulated energy utilities’ demand side management programs exceeded 

$1.66 billion.83  

Public Investments in Customer Demand Side Management  

The electric sector invests billions of dollars in 

customer demand side management and related 

customer programs (for example, demand 

response, clean/renewable distributed generation, 

and battery energy storage). When investments by 

publicly owned energy utilities are included, 

public investments in energy customers’ demand 

side management (DSM) during CY2017 totaled 

$1.9 billion.84 Of that amount, $1 billion funded 

electric conservation and efficiency; another $184 

million funded the EPIC program.85 

California also invests billions of dollars in 

greenhouse gas reductions. During fiscal year (FY) 

2016/17, the Governor and the Legislature 

appropriated over $1.1 billion from the 

Greenhouse Gas Reduction Fund (GGRF) for 

programs and projects designed to achieve the 

state’s Climate Action Plan.86 The investment 

increased to $2.7 billion during FY2017/18.87  

There is no comparable statewide program for 

customer-side water programs. While the actual amount of water sector investment is not 

known, the largest urban water agency in the state, the Metropolitan Water District of Southern 

California (MWD), provides some useful benchmarks. Specifically, MWD collects and 

administers a Conservation Credits program that provides funding for water demand side 

management to its member agencies that collectively serve about 19 million residents in 

southern California.88  

                                                 
83 Zelazo, Michael, Bridget Sieren-Smith, Amardeep Assar. California Electric and Gas Utility Cost Report, Public Utilities 
Code Section 913, Annual Report to the Governor and the Legislature, Table 5.1: 2017 Demand Side Management and 
Customer Programs Costs ($000). California Public Utilities Commission. April 2018. 

84 Publicly owned energy utilities invested $226 million in energy efficiency program expenditures during the fiscal 
year ended June 30, 2017. 

85 Changus, Jonathan and Byron Cope. Energy Efficiency in California’s Public Power Sector, 12th Edition—2018. 
Northern California Power Agency and Southern California Public Power Authority. 2018. 

86 California’s Climate Action Plan, Air Resources Board website: 
https://www.arb.ca.gov/cc/cleanenergy/clean_fs2.htm.  

87 About California Climate Investments, California Climate Investments website: 
http://www.caclimateinvestments.ca.gov/about-cci/. 

88 The Metropolitan Water District of Southern California delivers wholesale water to 26 member public agencies—
14 cities, 11 municipal water districts, and one county water authority—that provide water to 19 million people in Los 

Demand Side Management 

Actions taken by customers to 

manage their use of energy, 

water, and other resources. 

California’s success in continuing 

to reduce energy consumption is 

attributable to aggressive 

efficiency goals that are 

supported with substantial 

investments in education, 

technical support, and incentives 

for customers that reduce their 

energy use, as well as continual 

changes to codes and standards 

that encourage technology 

developers and manufacturers to 

develop and produce increasingly 

efficient fixtures and appliances. 

 

https://www.arb.ca.gov/cc/cleanenergy/clean_fs2.htm
http://www.caclimateinvestments.ca.gov/about-cci/
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During FY2017,89 MWD’s Conservation Credits program expenditures, including salaries and 

other operating expenses, totaled $41 million. Member agencies expended an additional 

$11 million, and MWD expended $4 million on outreach and education, bringing the total 

Conservation Credits program expenditures for MWD and its member agencies to $56 million 

during FY2017.90 

At the height of the drought, conservation, outreach and education totaled $289 million 

(FY2016) and $175.5 million (FY2015) for MWD and its member agencies. Annual MWD and 

member agencies’ investments during the prior five years (FY2010-2014) ranged from $22 

million to $45.5 million—averaging $31 million per year. 

MWD’s level of investments during the height of the drought were clearly unusual, primarily to 

fund removal of 160 million square feet of turf.91 For that reason, MWD’s FY2017 investment of 

$56 million was used to estimate “typical” annual water customer-side financial support from 

MWD and its member agencies. 

MWD and its member agencies serve about 50 percent of the state’s residents.92 If other water 

agencies invest comparable amounts in customer-side water efficiency programs, statewide 

water sector investments would be about $112 million per year or 9.5 percent of the level of 

investments made by electric utilities for comparable customer-side DSM programs during 

CY2017.93Water Sector Programs 

Since 2002, California authorized more than $17 billion in general obligation bonds to fund 

water-related projects.94 That amount does not include the $4 billion for The Disaster 

Preparedness and Flood Protection Bond Act of 2006 (Proposition 1E) that provides some water 

supply benefits through plans and structures that divert flood waters to groundwater recharge 

basins. 

Approved uses of these funds encompassed a diversity of water-related concerns: public water 

system improvements, surface and groundwater storage, drinking water protection, water 

recycling and advanced water treatment, water supply management and conveyance, 

                                                 
Angeles, Orange, Riverside, San Bernardino, San Diego and Ventura counties. Overview and Mission, MWD website: 
http://mwdh2o.com/WhoWeAre/Mission/Pages/default.aspx. 

89 MWD’s fiscal year runs from July through June (same as the State of California). 

90 Achievements in Conservation, Recycling and Groundwater Recharge, Water Tomorrow Annual Report to the 
California State Legislature Covering the fiscal year of July 2016—June 2017, Metropolitan Water District of Southern 
California, February 2018.  

91 Changing the landscape of Southern California: A conservation success story, Metropolitan Water District of Southern 
California brochure (January 2017): http://mwdh2o.com/PDF_Newsroom/Turf_Removal_Program.pdf. 

92 California Department of Finance press release May 1, 2018 announced that California’s population was 39,810,000 
as of January 1, 2018. New Demographic Report Shows California Population Nearing 40 Million Mark with Growth of 
309,000 in 2017, California Department of Finance press release retrieved from 
http://www.dof.ca.gov/Forecasting/Demographics/Estimates/E-1/. 

93 Electric utilities investments in customer energy efficiency and efficient new electric technologies totaled $1.184 
billion during calendar year 2017. Using MWD’s 2017 budget for water conservation and efficiency as a proxy for the 
level of water sector investments statewide, water investments were about 9.5% of the amount invested by electric 
utilities. 

94 See Appendix A: California’s Drought Policies. 

http://mwdh2o.com/WhoWeAre/Mission/Pages/default.aspx
http://mwdh2o.com/PDF_Newsroom/Turf_Removal_Program.pdf
http://www.dof.ca.gov/Forecasting/Demographics/Estimates/E-1/
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stormwater management, wastewater treatment, ecosystem and watershed protection and 

restoration, and drought emergency relief. 

Although California has invested considerable funds in protecting water resources, systems, 

infrastructure, and ecosystems, there is not yet a water equivalent of the energy sector’s 

customer DSM funding programs. While the state provides billions of dollars in financial 

assistance to public water and wastewater agencies to address a multitude of water supply and 

quality challenges, none of these programs yet consider the substantial contribution that could 

be made by water customers to California’s drought resilience.95 

California’s Future is “Distributed” 

The water sector can benefit from the electric sector’s experiences during the arduous journey 

from “deregulation” in 1995, to today with recognition that the key to California’s reliable 

energy future is “distributed:” distributed resources, distributed infrastructure, and distributed 

decision making. In this distributed future, customer-side technologies are key. 

Drought has highlighted the state’s need for new technologies and new business models. As the 

state looks to water users to make “water conservation as a way of life,”96 it has become 

abundantly clear that building drought resilience cannot be done by the state and the water 

sector alone—every water user in the state, in every sector, has an important role. 

The primary barrier to implementing high potential, near-term, cost-effective drought resilient 

technologies is that California’s water sector does not have the ability to fund customer-side 

programs that advance distributed water resources at a level anywhere nearly comparable to 

that of the state’s electric sector or its climate action (greenhouse gas reduction) programs. 

Statewide Distributed Water Resources Program is Needed 

When California sought to identify new technologies that could help build drought resilience, it 

did not go to the water sector for funding. Instead, it went to energy (in the case of this project, 

to EPIC which is funding energy sector research and development), and to the GGRF97 which 

invests in projects that can demonstrate measurable reductions in greenhouse gas emissions. 

Because each of these funding sources is authorized for specific purposes—none of which is 

explicitly water—energy uses and greenhouse gas funds need to be structured to assure 

compliance with the respective statutes that authorized these funds.  EPIC funds can only be 

used to achieve water benefits if energy benefits also accrue; and the GGRF funds can only be 

used to fund water efficiency benefits if greenhouse gas benefits are also achieved. 

                                                 
95 See Appendix A: California’s Drought Policies, Table A-1: Proposition 1 Funding Allocations and Balance Remaining.  

96 Making Water Conservation a California Way of Life, Implementing Executive Order B-37-16, Final Report. Joint 
California Agencies: California Department of Water Resources, State Water Resources Control Board, California Public 
Utilities Commission, California Department of Food and Agriculture, California Energy Commission. April 2017. 

97 Also known as California Climate Investments. Proceeds from the Cap-and-Trade Program are used for a wide 
variety of purposes but must show that they reduce greenhouse gas (GHG) emissions in the State. Source: California 
Climate Investments website: http://www.caclimateinvestments.ca.gov/about-cci/. 

http://www.caclimateinvestments.ca.gov/about-cci/
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Although water is vital to all Californians, it does not have an equivalent of the energy sector’s 

public purpose programs that specifically invest in activities that create public benefits. The 

topic of a water equivalent of the energy sector’s public purpose programs has been raised in 

the past through multiple forums, but ultimately did not move forward for two primary 

reasons: 

1. Water and wastewater services as a percentage of most residents’ and businesses’ 

operating costs are small when compared to energy bills, making it difficult to construct 

a public benefit surcharge that could raise enough funds to support a robust program 

while not significantly increasing the costs of basic water and wastewater services. That 

may change, as more investments are made in water sector resources and infrastructure 

to mitigate risks of drought and other events; however at least at present, it would be 

difficult to construct a water and/or wastewater fee that would be both affordable to 

customers and sufficient to support water demand side programs comparable to that of 

energy programs. 

2. California’s water sector is comprised of thousands of municipal, community, special 

districts, and private water and wastewater utilities.98 In California, three large electric 

utilities serve 88 percent of the state’s population (39 public utilities serve the 

remaining 12 percent), making it much simpler to implement a cohesive statewide 

energy program. 

This is not a simple problem, and whenever the topic is raised, the water sector—comprised 

primarily of public agencies—becomes concerned about appearing to invite regulation (which it 

clearly does not want). Yet, having access to programs and funds that support customer-side 

drought resilient actions has considerable appeal; and given the fact that water year 2018 is 

once again dry (questioning whether California really ever left the 2012 drought), could be a 

very important mechanism for investing in drought resilient strategies and technologies. Given 

the two new bills signed by Governor Brown on May 31, 2018 that implement mandatory urban 

water use reductions over time, this issue is extremely timely. Water agencies now have a 

statutory need to substantially reduce urban water use, and neither Senate Bill 606 [Hertzberg 

2018] nor Assembly Bill 1668 [Friedman 2018] provide any financial assistance to help water 

agencies achieve the unprecedented requirement to establish and achieve stipulated water use 

efficiency goals. In short, the new “California Statutes on Making Conservation A California Way 

of Life” are an unfunded mandate. 

Since it will likely take years to develop and implement a public investment program in drought 

resilience, it is not too soon to commence an exploration of options and to develop and 

implement pilot programs to test different program theories and funding mechanisms. The 

dialogue will be more successful if it could be made perfectly clear that it need not result in 

regulating public water and wastewater agencies. Several potential approaches appear viable if 

the risks of regulation perceived by the water sector can be appropriately addressed (Table 8). 

                                                 
98 “Drinking Water Watch,” SWRCB website: https://sdwis.waterboards.ca.gov/PDWW/. 

https://sdwis.waterboards.ca.gov/PDWW/
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Table 8:  Potential Sources of Water Public Purpose Funds 

Potential Source Potential Opportunity 

General Obligation Bonds. California Proposition 1 

stipulated that “Special consideration will be given 

to projects that employ new or innovative 

technology or practices, including decision support 

tools that support the integration of multiple 

jurisdictions, including, but not limited to, water 

supply, flood control, land use, and sanitation.” 

While technology was considered, the funds were 

designated for public water agency improvements—

no grants, incentives or loans were made available 

to customers (water users). 

Award preference points to water infrastructure 

grants to public agencies that establish programs 

that help their customers implement distributed 

water resources and systems. Grant applications 

should adjust demand projections for water use 

reductions and customer-side wastewater 

treatment, recycle, and reuse. Public funds could be 

used to directly fund distributed water resources, 

provided that private use restrictions can be 

satisfactorily addressed. One way that might be 

accomplished is by procuring the distributed water 

resources created. 

Create a Multi-Benefit Public Purpose Fund. 

Current programs with prescribed regulatory 

purposes often result in sub-optimal investment 

decisions. The Energy Commission noted in its 

2005 Integrated Energy Policy Report: “… single 

focus [public investments] 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.”  

A pilot investment program could combine funds 

from electric, gas, water, wastewater, and 

greenhouse gas emissions reduction programs to 

compensate projects for the multiple resource, 

environmental, and economic benefits that they 

achieve. A composite statewide metric that 

computes incentives on the basis of the multiple 

benefits achieved would help to determine the 

amount of compensation (incentives) that should be 

provided to “cross-cutting,” multiple benefit projects 

(see Figure 8).  

Create a California Water, Energy and Climate 

Investment Fund that mutual fund managers can 

include in retirement plan options. Californians 

could then select plans that invest a portion of their 

retirement funds in projects and activities that build 

drought resilience, energy sustainability, and 

environmental quality.  

A fund of this kind would need to be investment-

grade and appropriately risk-managed. Such a fund 

could be used to “procure” water and energy 

savings, and greenhouse gas reductions, as a 

public benefit. It could also potentially be used to 

provide low interest loans to local businesses that 

achieve the state’s water, energy, and climate 

vision.a, b, c  

a. In July 2018, a small food processing company in southern California advised that its planned purchase of a packaged 

wastewater treatment and recycled water plant has been deferred indefinitely due to the company’s inability to obtain a 

small business loan. Had it proceeded, this project would have reduced the food processor’s potable water demand by 

80%. 

b. See Access to Capital prepared by the California Financial Opportunities Roundtable with assistance of a grant from the 

U.S. Department of Agriculture Rural Development, August 2012. Retrievable at http://www.indianaglink.com/wp-

content/uploads/2013/09/USDA_Publication_ACCESS_TO_CAPITAL.pdf. 

c. See Appendix J for additional information. 

Source:  Water Energy Innovations, Inc. 

Valuation of Distributed Water Resources 

Appropriate valuation of all resource, environmental, and economic benefits created through 

customer-side Distributed Water Resources programs is crucial, but there are significant 

legislative and regulatory hurdles to overcome. 

  

http://www.indianaglink.com/wp-content/uploads/2013/09/USDA_Publication_ACCESS_TO_CAPITAL.pdf
http://www.indianaglink.com/wp-content/uploads/2013/09/USDA_Publication_ACCESS_TO_CAPITAL.pdf
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The Correct Statewide Perspective is Holistic 

In May 2012, as part of its water-energy nexus rulemaking, the California Public Utilities 

Commission (CPUC) authorized recognition of “embodied energy,” or “energy embedded in 

water,” for purposes of CPUC energy efficiency programs. Specifically, the CPUC agreed with 

stakeholders’ testimony that the sum of all energy inputs by all energy providers to water and 

wastewater that could be avoided (saved) by saving water should be included when computing 

incentives for energy efficiency programs.99 

Recognition of energy inputs to water and wastewater both upstream and downstream of an 

energy customer’s site is a departure from prior CPUC policies that recognized only on-site 

energy savings. In adopting the concept of “embodied energy” in water, the CPUC’s primary 

caveat was that since unregulated energy utilities do not pay into the regulatory public purpose 

program100 that funds customer energy efficiency projects, only energy provided by the state’s 

regulated energy utilities can be included in the embodied energy computation. 

This is a clear example of how jurisdictional boundaries can result in sub-optimal results. 

 The CPUC stopped short of a holistic methodology that recognized all benefits created for 

the state because it has no jurisdiction over unregulated energy utilities, nor does it have 

specific responsibility for protecting ratepayers of unregulated energy utilities. 

 While other state agencies such as the Energy Commission, CDWR, and the Air Resources 

Board do have a statewide perspective, each is constrained by its authorized mission that 

requires optimizing outcomes for single resources (energy, water, and climate, respectively).  

Figure 10:  A Need for a New Multi-Benefit/Multi-Utility Model 

 

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

                                                 
99 Decision Providing Guidance on 2013-2014 Energy Efficiency Portfolios and 2012 Marketing, Education, and Outreach. 
CPUC Rulemaking 09-11-014. Decision 12-05-015, May 10, 2012. 

100 Then known as the “Public Goods Charge”, or “PGC”. 



63 

As noted in the Energy Commission’s 2005 Integrated Energy Policy Report,  most state 

programs are presently managed from a single utility perspective—water, wastewater, electric, 

or gas—resulting in sub-optimal investment decisions. 

Recognition of all value streams created by distributed water resources is essential to the 

success of a Distributed Water Resources program. A new model is needed that enables 

optimizing the state’s investments (1) for the state, as a whole, and (2) across water, energy, 

and climate. 

Evaluated solely from a single resource, single customer site perspective, California’s current 

policies dissuade customers from investing in distributed resources. 

 When water users invest in onsite collection, treatment, and recycle/reuse of their own 

wastewater, they increase electric use at their site since they are now performing 

functions that would otherwise be performed by centralized municipal water and 

wastewater treatment facilities. Customer-side water treatment, recycle and reuse 

projects thus become ineligible for electric efficiency incentives. 

 This single resource, single-site impact model ignores the true benefits to California: 

o A water user makes an investment to treat, recycle, and reuse its own 

wastewater, substantially reducing its potable water demand and reducing 

municipal wastewater treatment. 

o The water utility reduces its energy use by reducing the amount of water it needs 

to supply, treat, and deliver. 

o The wastewater utility reduces its energy use by reducing wastewater collection 

and treatment; and, where applicable, also reduces energy associated with 

production and delivery of recycled water. 

 Greenhouse gas emissions are reduced by the amount of statewide electric savings. 

The net impacts for California are thus positive. 

Incremental Benefits through Accelerated Implementation 

Many policies and protocols governing California’s energy efficiency investments were 

established to protect the ratepayers that fund those programs. In so doing, important 

resource, environmental, and economic benefits are sometimes inadvertently deterred. 

As noted in Chapter 2, Energy Commission staff’s evaluation of 2015 changes to Title 20 for 

toilets, urinals, faucets, and showerheads showed that substantial resources and environmental 

benefits would be achieved. However, the expected annual benefits at inception were dwarfed 

by the magnitude of annual benefits that would be achieved by 2038, when “full turnover” is 

envisioned.   
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Figure 11:  Multiple Benefits Created by Distributed Water Resources 

 

Source:  Water Energy Innovations, Inc. 

  



65 

Table 9:  Incremental Annual Statewide Value of Early Title 20 Water Fixtures Changeouts101 

Sources: Compiled from [1] California Energy Commission. Staff Analysis of Water Efficiency Standards for Toilets, Urinals and 
Faucets. Publication Number CEC–400–2015–021; [2] California Energy Commission. Staff Analysis of Water Efficiency Standards 
for Showerheads. Publication Number CEC-400-2015-027. 

“Full Turnover” occurs when installed fixtures and appliances of the type subject to the 

Title 20 changes have finally been changed out and meet “today’s” code. The projected 

value at “full turnover” does not include potential additional savings that may accrue 

over the 20 year period due to anticipated future enhancements to Title 20. 

The incremental benefits at “full turnover” are too significant to defer. Figure 10 shows the 

incremental water, energy and greenhouse gas benefits that would be achieved by performing 

early changeouts of all existing toilets, urinals, faucet aerators, and showerheads that do not 

comply with at least 2015 Title 20 code. The incremental water and greenhouse gas reduction 

benefits that could be achieved today versus over a period of 20 years are significant and 

irresistible. 

Transitioning to New Markets, Technologies and Business 
Models 

One of the major barriers to a distributed water resources model is stranded investments. Both 

public and private agencies have struggled for years to obtain authorization for major system 

retrofits and improvements that enable reliable provision of critical water and wastewater 

services. These agencies are likely to resist reducing customers’ uses of these services and 

potentially reducing revenues to levels that may not be sufficient to cover operating and/or 

financing costs. This was a key concern when California’s electric sector was required to divest 

its generation assets to support transition to a competitive electric market. The regulated 

electric utilities’ concerns were addressed by creation of a regulatory “competition transition 

charge.”102 

This report has identified dozens of customer-side technologies, many of which are poised and 

ready for widescale deployment, that could substantially contribute to California’s drought 

resilience.103 Significantly, many of these technologies are (1) available today, (2) much smaller 

                                                 
101 See Appendix K: Accelerated Compliance with New Codes and Standards for more information. 

102 California State Senate. Background on Electricity Policy, Historical Context—1900-1996. California State Senate’s 
website: http://seuc.senate.ca.gov/committeehome. 

103 See Chapter 2. and Appendix H, Drought Resilient Technologies. 

California Title 20 
Changes to Water Efficiency 
Standards 

Estimated Annual Savings at Inception vs. “Full Turnover” 

Projected 
Year 

Water 
(MG) 

Electricity 
(GWh) 

Gas 
(Mtherm) 

GHGs 
(tons eCO2) 

First Full Year 2018 12,250 303 45 3,511,151 

At “Full Turnover”  2038 127,392 2,999 425 36,099,844 

Incremental Annual Value of Early 
Changeouts 

115,142 2,696 380 32,588,693 

http://seuc.senate.ca.gov/committeehome
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and quicker to implement than changes to centralized water and wastewater infrastructure,104 

(3) reduce stress on aged water and wastewater infrastructure, (4) reduce the amount of 

incremental capacity needed by centralized water and wastewater treatment facilities to meet 

growth in demand, (5) provide economic benefits for water and wastewater ratepayers through 

avoided costs of future centralized infrastructure expansions, repairs and replacements, and (6) 

enhance drought resilience by increasing the quantity, quality, and diversity of water resources 

and water and wastewater delivery systems.105 

Figure 12:  Incremental Annual Statewide Benefits by Accelerating Title 20 Changeouts 

 

Source:  Water Energy Innovations, Inc. 

Although many water managers understand the essential role of customer side water resources 

in drought resilience, it is difficult for them to create programs that will ultimately reduce the 

water and wastewater revenues they need to pay for the costs of the infrastructure and assets 

that will become “stranded.” To make the transition, water and wastewater agencies will need 

assurance that their ratepayers will not be left with hundreds of millions of dollars in stranded 

costs. The state can help to alleviate the stranded cost barrier, just as it did for electric utilities. 

The actual mechanism for implementing relief for thousands of water and wastewater agencies 

from stranded investments will be more complicated than it was for the state’s three largest 

regulated electric utilities; however, there are potential opportunities to provide some near-

term financial mitigation. One means could be to include provisions in future water bonds for 

stranded cost incentives and grants to agencies that implement distributed water resources 

programs that reduce current and future demand for centralized water and wastewater 

capacity. 

                                                 
104 Many distributed technologies have the added benefit of being relatively quick to implement, since they are much 
smaller in scale than centralized water and wastewater infrastructure, are much less expensive, and typically do not 
require complex, multi-year environmental permits and approvals. 

105 See Figure 8 Multiple Benefits Created by Distributed Water Resources and Appendix J: Comprehensive Valuation of 
Multiple Benefits. 
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CHAPTER 5: 
Recommendations 

The purpose of this project was to identify high potential opportunities to advance near-term 

drought resilience in Tulare County while concurrently providing electric and other benefits, 

including but not limited to greenhouse gas emission reductions. As a market facilitation 

project, a major part of the project’s activities involved extensive engagement of stakeholders 

to understand the types of technologies in which they are interested, and the barriers they face 

when implementing new technologies.  

One of the consequences of being in a near constant state of drought emergency for multiple 

years is that pausing to plan and assess feels like a luxury that few can afford. Many 

stakeholders advised that while they believed this project was worthy, they had little time to 

participate because they needed to focus on urgent water issues. 

It is therefore not surprising that a single drought plan or vision for the county has not yet 

emerged. The county’s General Plan created a platform for adopting some countywide water 

conservation and recycled water goals; but those are guidelines for future development, not for 

proactive programs that target near-term actions. With state policymakers focused on bringing 

near-term assistance to severely impacted communities, many state programs are being tapped 

at once, with the result that multiple drought plans and visions are presently being developed 

by many separate stakeholders, each focused on addressing its own water supply challenges 

and goals for itself and its customers, constituents, and stakeholders. 

Some separate efforts come together when there is an intersection of goals and objectives. In 

Tulare County as well as other parts of South San Joaquin Valley, the most prominent unifying 

goal is the need to protect, manage, and restore the region’s critical groundwater resources. The 

2014 SGMA provides an infrastructure for collaboration among the many stakeholders in the 

region’s groundwater resources. However even within this seemingly unifying initiative, there 

are splintered efforts as 15 GSAs were established to develop GSPs for three sub-basins.106 

Meanwhile, local governments, water utilities and their key stakeholders are concurrently 

addressing three mission-critical activities: 

 Proactive measures to mitigate the adverse health and human impacts of the current 

drought. 

 Complying with the myriad of state and local water policies, rules and regulations that 

have been implemented over the past 5 years to address drought and related health, 

water supply, water quality, environmental, and economic impacts. 

 Applying for state and federal technical and financial assistance. 

                                                 
106 See Appendix D: Groundwater Management and Figure D-3. Groundwater Sustainable Agencies in Tulare County. 
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To merit attention, candidate technologies must be able to demonstrate that they are both 

beneficial and cost-effective in helping Tulare’s residents, businesses, and local governments 

achieve their urgent priorities. 

Summary of Key Findings 

1. Chapter 1, Introduction:  

o The term drought is a condition of water scarcity accompanied by significant 

public health, safety, environmental, economic, and other impacts. “Drought 

resilient” must consider the amount of water supplies available to meet water 

demands over a certain amount of time, within a specific location. Building this 

requires re-examining both water supplies and water uses. Tulare County’s 

drought impacts highlighted the critical role of place and drought resilience: 

while more residents survived the drought with minor inconveniences, more 

residents were left with no water at all. Currently, a market and cultural change 

is underway in order for water users within all sectors to become increasingly 

more aware of their pivotal role in building drought resilience.  

o Tulare County has many drought challenges. This county has dry climate as it 

experiences less annual precipitation than many other areas in California. 

Because of how little diversity the county’s water resource portfolio is, many 

residents and businesses are left vulnerable to shortages of surface water and 

groundwater. Residents who depend on private groundwater wells are vulnerable 

to health and safety risks when wells do fail. The State Water Resources Control 

Board found that 40 percent of tested wells by community water systems 

exceeded the Maximum Contaminant level for nitrates.  

o In Tulare County, the three largest municipal wastewater treatment facilities in 

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

irrigation and groundwater recharge. However, the primary constraint on 

beneficial use of tertiary treated recycled water is lack of recycled water 

distribution systems in Tulare County. Some water users already recycle and 

reuse water, but since there is no requirement for customers to report this 

information, the amount of water recycled and reused is unknown.  

o This project identified technologies that could help build drought resilience by 

reducing Tulare County’s vulnerability to fluctuation in hydrology and short-

term availability of traditional water supplies. Four primary principles emerged. 

First, the highest value water resource from the perspective of drought resilience 

is water use efficiency. Second, recycled water production is also a high value 

water resource. Third, runoff, whether urban or storm water, should be collected 

and used, and treated if needed. Fourth, groundwater recharge opportunities 

from natural flows should be maximized to the greatest possible extent.  
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2. Chapter 2, Drought Resilient Technologies: 

o Annual savings of water, electricity and natural gas, and associated greenhouse 

gas reductions increase by a factor of about ten, once the existing inventory of 

noncompliant plumbing fixtures is fully exhausted (that is, all noncompliance 

plumbing fixtures are replaced with fixtures that comply with codes effective as 

of 2018). 

o Substantial incremental water, electric, gas, and greenhouse gas emissions 

benefits are achievable by accelerating the change out of California’s existing 

water fixtures (toilets, urinals, faucet aerators, and showerheads) as quickly as 

possible.  

3. Chapter 3, Government Plans and Policies: 

o The Governor and the Legislature directed state agencies to work with local 

water suppliers and local governments to save more water, increase enforcement 

of water conservation, streamline government response, and invest in new 

technologies. Commencing 2015, cities and counties were required to reduce 

urban water usage by 25 percent from 2013 usage levels. On May 31, 2018, 

Governor Brown signed Senate bill 606 [Hertzberg] and Assembly Bill 1669 

[Friedman] that: 

 Establishes a goal of 55 gpd per person for indoor water use by 2022, 

decreased to 52.5 gpd in 2025, and decreasing again to 50 gpd in 2030.  

 Creates incentives for water suppliers to recycle water. 

 Requires both urban and agricultural water suppliers to establish annual 

water budgets and prepare for drought.  

o There is no single drought plan or vision for the county. Instead, many drought 

mitigation and resilience activities are being separately conducted by multiple 

stakeholders to comply with rapidly evolving state and regional water policies, 

rules, and regulations. Groundwater is one of Tulare County’s two major water 

resources, with surface water serving most of the county’s agricultural and 

environmental water demand during wet years, and groundwater serving most of 

all water demand during dry years. All three of the groundwater sub-basins 

serving Tulare County (Kings, Tule, and Kaweah) are deemed “critically over 

drafted”. Consequently, the county’s water stakeholders are presently focused 

on implementing the state’s Sustainable Groundwater Management Act (SGMA).  

o The level of staff and consultant resources dedicated to SGMA is unprecedented, 

complicated by establishment of fifteen Groundwater Sustainability Agencies 

(GSAs) for the county’s three sub-basins. Many water stakeholders stated that 

although they feel a need to participate in multiple GSAs, they have neither the 

time nor the staff resources to cover them all. They therefore pick and choose 

which meetings appear most important, leaving gaps in both their opportunity to 

provide input and their knowledge about what each GSA is planning. 
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o Multiple state grants have been established to help GSAs, farmers, dairies, and 

other affected stakeholders implement the plans and actions that are needed to 

comply with new state water regulations. Still, the portfolio of actions that 

affected stakeholders will need to implement is daunting, and the process of 

applying for and obtaining state financial assistance is not simple, and not 

guaranteed. In addition, while grants are being made available to water and 

wastewater utilities, and agricultural water suppliers, there is no state grant 

program to encourage and help their customers (water users) adopt high 

potential drought resilient technologies. 

o Most of the populated areas of Tulare County are classified as “disadvantaged” 

by the state’s CalEnviroScreen tool that computes numeric scores by census tract 

to determine eligibility for DAC assistance. Local government officials observed 

that many of the impacts DAC programs are designed to address, such as water 

quality and air pollution, do not observe census tract boundaries.  

4. Chapter 4, Accelerating Development of Distributed Water Resources: 

o California has invested considerable funds in protecting water resources, 

systems, infrastructure, and ecosystems. However, there is not yet a water 

equivalent of the energy sector’s consumer demand side management funding 

programs. While the state provides billions of dollars in financial assistance to 

public water and wastewater agencies to address a multitude of water supply 

and quality challenges, none of these programs yet considers the substantial 

contribution that could be made by water customers to California’s drought 

resilience. 

o The primary barrier to implementing high potential, near-term, cost-effective 

drought resilient technologies is that California’s water sector does not have the 

ability to fund customer-side programs that advance distributed water resources 

at a level anywhere nearly comparable to that of the state’s electric sector or its 

climate action (greenhouse gas reduction) programs. 

o Another primary barrier to a distributed water resources model is stranded 

investments. Both public and private agencies have struggled for years to obtain 

authorization for major system retrofits and improvements that enable reliable 

provision of critical water and wastewater services. These agencies are likely to 

resist reducing customers’ uses of these services and potentially reducing 

revenues to levels that may not be sufficient to cover operating and/or financing 

costs. This was a key concern when California’s electric sector was required to 

divest its generation assets to support transition to a competitive electric 

market.  

o Most state programs are currently managed from a single utility perspective—

water, wastewater, electric, or gas—resulting in sub-optimal investment 

decisions. Recognition of all value streams created by distributed water 

resources is essential to the success of a Distributed Water Resources program. 
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A new model is needed that enables optimizing the state’s investments for the 

state, as a whole, and across water, energy, and climate.  

Recommendations 

1. Increase and accelerate funding and incentives for distributed water resources. Creating 

a statewide distributed water resources program will not be simple; but since the 

potential for substantial near-term drought resilient benefits is very high, it is worth 

exploring.107 Existing and future state programs can be leveraged to begin the transition. 

For example, the state could: 

o Convert historical state policies governing investments of public funds from a 

“compliance” mindset, to a comprehensive public benefits perspective that 

employs new metrics that value all resource, environmental and economic 

benefits on a holistic statewide basis and enables optimizing public funds in a 

manner that rewards multiple benefits.  

o Award preference points for water and wastewater infrastructure grants to 

public agencies that commit to establish technical and/or financial assistance 

programs that help their customers purchase and install distributed water 

resource systems. 

o Implement a pilot program that combines funds from electric, gas, water, 

wastewater, and greenhouse gas emissions reduction programs to help water 

customers implement high priority drought resilient measures that achieve 

multiple benefits. 

o Create a Water Investment Loan Fund that streamlines access to low interest 

loans to customers willing to make investments in distributed water resource 

projects (similar to programs that offer financing for customer energy efficiency 

projects). 

o Implement new state policies and programs that help water and wastewater 

utilities mitigate the costs and risks of assets that may become stranded by 

encouraging customers to develop distributed water resources and systems. 

2. Accelerate retirements of inefficient water fixtures. Fund accelerated retirements of 

water fixtures that are not yet compliant with the 2015 Title 20 Appliance Efficiency 

Regulations and its successor(s). Consider all water, energy, and greenhouse gas benefits 

when determining which potential funds may be available to achieve these early 

retirements. Modify state policies, programs, and funding to enable investing in early 

retirements as “procurements” of the targeted resource and environmental benefits 

(differentiated from “utility incentives” that are designed to protect ratepayers from 

over-investing in measures that are likely to occur at a future date without intervention). 

Concurrently, continue to increase water and energy efficiency and greenhouse gas 

reductions through continuous upgrades to codes and standards. 

                                                 
107 See Chapter 4 Accelerating Development of Distributed Water Resources.  
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3. Leverage state financial assistance programs (grants) to improve data about water 

supplies and uses. There is little reliable and current data about the amount of water 

needed by commercial and industrial customers by end use. These types of data are 

particularly important in areas like Tulare County where private unmetered 

groundwater wells have historically served major portions of the county’s water 

demand. Every grant, subsidy or incentive provided to a water user is an opportunity to 

collect this type of basic information. In addition, request water and wastewater 

agencies that obtain state funding assistance to provide information about water use by 

industry sector and customer segment (for example, office buildings, shopping centers, 

restaurants). More granular and current water use data will streamline both the cost and 

time to match candidate technology solutions to targeted adopters. It will also improve 

estimates of potential water and energy savings, and energy related greenhouse gas 

reductions, providing a rational basis for determining the appropriate level of state 

investment in various projects and technologies. 

4. Establish centers of excellence in technologies that achieve California’s vision for a clean 

and resilient future. California drives technology advancement through visionary policy 

goals that are supported with billions of dollars in public investments. This rare 

combination of policy commitment and investment distinguishes California from many 

entities, both public and private, that may have ambitious goals but lack either the 

resources or the commitment needed to build markets and industries. The state should 

capitalize on its enormous market influence to advance partnerships that accelerate 

research, development, and commercialization of products and technologies that help 

the state build a clean, healthy, affordable, and resilient future, while also building a 

robust economy and solidifying its position as a technology visionary.  

5. Water and Wastewater utilities can substantially accelerate drought resiliency by 

encouraging customers to purchase and install distributed water resources and systems. 

However, while diversification from centralized utility services to customer-owned and 

operated electric, water, and wastewater systems is conceptually simple, 

implementation can be difficult and costly. Public investment in the development of 

distributed water resources is relatively low, therefore, building drought resilience 

requires that customers invest and take risks. These investments in water conservation 

and efficiency, on-site wastewater treatment, and/or on-site production and use of 

recycled water need to be made by both large water users and residential customers. 

These types of customer-side strategies alleviate pressure on centralized municipal 

water and wastewater treatment systems. Over time, less municipal water and 

wastewater treatment capacity will be needed, reducing capital and operating costs of 

centralized municipal water and wastewater systems.  

6. Integrating key policies and goals into local government policies and plans that are 

relevant to accelerating the adoption of technologies that will save water and energy and 

reduce greenhouse gas emissions will help cities and countries become more drought 

resilient and, as a result, will help California achieve its aggressive goals for energy 

efficiency. These policies include recycling water, reusing gray water, managing 
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groundwater through the Sustainable Groundwater Management Act, and regulating the 

quality of groundwater through rules that govern salt and nitrate management in 

California’s South San Joaquin Valley. 

Benefits to California  

The potential water, energy and greenhouse gas benefits that can be achieved by implementing 

these recommendations are substantial. Implementing only three of the technologies identified 

through this project—converting flood irrigation to drip; treating food processing wastewater 

for onsite recycle/reuse: and accelerating changeouts of water fixtures to meet or exceed 

current Title 22 codes and standards—could reduce water use within Tulare County by 93,581 

acre-feet (AF) (30.5 billion gallons) each year. That amount of saved water could meet 100 

percent of Tulare County’s urban water demand. 

Figure 13:  Estimated Annual Benefits to Tulare County from Three Drought Resilient Strategies 

 

 Water savings from the above technology solutions exceed Tulare County’s annual urban water demand. 

 Converting flood irrigation to drip statewide could save 1 million acre-feet each year (326 billion gallons, about 12-1/2 

percent of the state’s annual urban water demand). 

Source:  Water Energy Innovations, Inc. 

Additional Benefits 

California advances its market leading water, energy, and climate policy goals through 

continual enhancements to policies, codes and standards, supported by billions of dollars of 

public investment. California’s commitment to a drought resilient and clean energy future has 

already driven technology innovation in multiple key markets: energy efficient lighting, solar 

photovoltaics, battery energy storage, and water efficient fixtures. There is every reason to 

expect that when California establishes performance standards for agricultural water efficiency, 

sustainable groundwater management, groundwater quality, and greenhouse gas emissions, 

technology developers and markets will rush to accept the challenge, bringing new industries 

and jobs. 
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Knowledge Transfer 

The research, data, analyses, insights, tools, and other work products developed by this project, 

including video interviews of diverse stakeholders and the project recommendations, are on the 

project website: http://droughtresilience.com. 

The project website (also-known-as the online toolkit) mentioned above outlines strategies that 

increase drought resilience by implementing innovative technologies, policies and financing 

mechanisms. The Key Findings and Recommendations provide overviews of effective strategies, 

including:   

 Technologies that are relatively simple and cost-effective to implement. 

 Pairing technologies that are not cost-effective with incentives, subsidies, or low-interest 

loans. 

 Local and regional planning that encourages customer investment in cost-effective water 

resources and systems. 

 Changes to state programs that increase multi-beneficial projects.  

These strategies are detailed within each of the online toolkit’s parent-menu pages. 

The online toolkit recommends the following for continued technology transfer to increase 

drought resilience: increasing funding for distributed water resources, accelerating retirements 

of inefficient water fixtures, leveraging state programs to improve data about water supplies 

and uses, and establishing centers of excellence in technologies that achieve California’s vision 

for a clean and resilient future.  

A Proposed Center of Excellence for Drought Resilient 
Technologies  

Tulare County is ideally situated to become an international center of excellence for drought 

resilience, with Tulare’s dairies, dairy related industries and services, and other agricultural 

producers and stakeholders at its center. Tulare County already hosts one of the largest annual 

agricultural technology events in the world, the World Ag Expo. The 51st annual expo in 

February 2018 hosted 106,700 attendees from 49 states and 63 countries108 at its International 

Agri-Center.109  

  

                                                 
108 International Agri-Center press release, February 15, 2018. 

109 The International Agri-Center is a non-profit corporation formed in 1976 to produce World Ag Expo and to 
promote California’s agriculture industry. It is led by an all-volunteer board of directors; has a full-time staff and more 
than 1,200 volunteers who dedicate their time to World Ag Expo, the California Antique Farm Equipment Show and 
other International Agri-Center programs. Source: International Agri-Center website: 
http://www.internationalagricenter.com/about-us. 

http://droughtresilience.com/
http://www.internationalagricenter.com/about-us
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Figure 14:  Tulare County’s Dairy Technology Cluster 

 
Source:  Water Energy Innovations, Inc. 

Figure 14 depicts the pivotal role of Tulare County’s dairy industry in addressing the region’s 

priority resource and environmental issues: water use efficiency, groundwater sustainability, 

renewable energy production, and reductions of both water and air pollutants and greenhouse 

gas emissions.  

Leading with Dairy 

Home to more cows than people, Tulare County is the natural choice to foster statewide, 

national, and international collaboration on strategies and technologies that can address 

California priority resource and environmental challenges: drought, nitrates, air pollution, and 

greenhouse gas emissions. Since many food and beverage processors sited in Tulare County to 

be near milk producing facilities, Tulare is also home to many dairy-related industries, 

including food processing, fodder crops, manufacturing, and support services. 

Tulare Dairy Industry’s vital statistics include:110 

 258 dairy farms 

                                                 
110 California Department of Food and Agriculture. California Dairy Statistics Annual 2017 and Appendix N: Tulare 
County’s Water-Energy Nexus. 
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 471,081 milk cows  

 More than 10 billion pounds of milk 

 Allocated economic values for the state at 25 percent:111 

o $16.25 billion direct and indirect economic values 

o 47,500 jobs created 

 17.2 billion gallons (52,785 AF; this does not include agricultural irrigation by dairy 

farmers in fodder crops) 

 431.2 GWh Electricity  

 184,128 MTCO2e  

The challenges that Tulare County’s dairy industry are presently addressing are representative 

of the challenges currently faced by all similarly situated California agricultural communities. 

The urgent need to address drought resilience, nutrient management, air and water pollution, 

and greenhouse gas reduction will bring technology solutions providers from around the globe. 

Benefits of this Approach 

The time is opportune to establish a formal program focused on bringing best-in-class drought 

resilient strategies, practices, and technologies to Tulare County, the South San Joaquin Valley, 

and the state. 

Over the past few years, tremendous public resources have been brought to help Tulare build 

drought resilience. Concurrently, stakeholders convened multiple forums to collaborate on 

drought solutions. The problem is that there is now so much activity, few stakeholders are able 

to participate in all the activities that they believe have merit, leaving many stakeholders 

frustrated and confused. 

In this dynamic environment: 

 Bringing stakeholders together to collaborate on identification, evaluation, financing, and 

implementation of high potential technology solutions to difficult resource, environmental, 

and economic challenges can help to shift stakeholders’ attention from emergency actions 

to a drought resilient future.  

 A methodical approach to vetting and matching technology solutions with appropriate 

adopters can help overcome some of the classic challenges encountered by all technology 

providers. 

 Applying sound and consistent analytic rigor would help to overcome the concerns that 

technology adopters have about new technologies. 

                                                 
111 California farm milk sales in 2014 were about $9.4 billion, and sales of processed dairy products (wholesale) were 
about $25 billion. The total economic value to the state attributable to milk production and processing was about $65 
billion. About 190,000 jobs in California were dependent on the state’s milk production and processing. Source: 
Summer, Daniel A., Josué Medellín-Azuara, Eric Coughlin. Contributions of the California Dairy Industry to the California 
Economy, A Report for the California Milk Advisory Board. University of California Agricultural Issues Center.  May 14, 
2015. 
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 Providing a structured forum for sharing of ideas, collaboration, and frank discussions 

about barriers to technology adoption would be timely and invaluable. 

Here, state agencies, regulated and unregulated energy and water utilities, technology solutions 

providers, and market participants along all segments of the dairy, agricultural, and food 

processing industries and the supply chains that serve them could coordinate to optimize 

public investments in projects and technologies that achieve multiple benefits. Through this 

Center, the many diverse stakeholders confused as to constantly evolving policies, programs, 

technologies, codes and standards, etc. in California’s dynamic marketplace can seek common 

ground, share information, coordinate their activities, and collectively assure that the state’s 

multiple resource and environmental policies, rules and regulations will be achieved in the 

most efficient and cost-effective means possible. 

Through open communications, participants can strive to minimize confusion and 

misunderstandings, patch gaps in their knowledge and understanding as to who is doing what, 

and leverage their collective resources to reduce the huge burdens on their time and costs. 

In addition to becoming a central point for collaboration, coordination, and communication, a 

Center of Excellence in Drought Resilient Technologies would be ideally situated to serve as a 

testbed for the strategies recommended herein, including but not limited to development and 

implementation of a pilot Distributed Water Resources program that employs comprehensive 

valuations of multiple benefit streams to optimize public investments.  
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GLOSSARY AND ACRONYMS 

Term Definition 

AF (acre-foot or acre-

feet) 

The volume of water needed to cover one acre with one foot of 

water. One acre-foot is equivalent to 325,851 gallons. 

AFY (acre-feet per year) Number of acre-feet over a one year period. 

Applied water Water delivered and applied to a use. 

ARB (Air Resources 

Board) 

State agency responsible for protecting the public from the 

harmful effects of air pollution and developing programs and 

actions to fight climate change. 

Cal/EPA (California 

Environmental 

Protection Agency) 

State agency charged with restoring, protecting and enhancing 

the environment, to ensure public health, environmental quality 

and economic vitality.112 

CalEnviroScreen A mapping tool provided by the California Office of 

Environmental Health Hazard Assessment (OEHHA) that helps 

identify California communities that are most affected by many 

sources of pollution, and where people are often especially 

vulnerable to pollution’s effects. 

CCSF (City and County 

of San Francisco) 

The only consolidated city and county in California.113 

CDFA (California 

Department of Food 

and Agriculture) 

State agency charged with protecting and promoting 

agriculture.114 

CECs (constituents of 

emerging concern) 

Unregulated chemicals are referred to as constituents of 

emerging concern with regards to monitoring recommendations 

for recycled water.115 

CO2 (Carbon Dioxide) A colorless, odorless, noncombustible gas; principal greenhouse 

gas.  

                                                 
112 “About Us.” California Environmental Protection Agency. https://calepa.ca.gov/about/.  

113 “List of Consolidated City-County Governments”. National League of Cities. https://www.nlc.org/list-of-
consolidated-city-county-governments.  

114 “About CDFA.” California Department of Food and Agriculture. https://www.cdfa.ca.gov/CDFA-History.html.  

115 Drewes, Jörg E. and Paul Anderson, Nancy Denslow, Walter Jakubowski, Adam Olivieri, Daniel Schlenk, and Shane 
Snyder. “Monitoring Strategies for Constituents of Emerging Concern (CECs) in Recycled Water Recommendations of a 
Science Advisory Panel.” Science Advisory Panel Convened by the State Water Resources Control Board. April 2018. 
SCCWRP (Southern California Coastal Water Research Project) Technical Report 1032.  

https://calepa.ca.gov/about/
https://www.nlc.org/list-of-consolidated-city-county-governments
https://www.nlc.org/list-of-consolidated-city-county-governments
https://www.cdfa.ca.gov/CDFA-History.html
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Term Definition 

CO2e (Carbon Dioxide 

equivalent) 

A metric used to represent the quantity of CO2 that that would 

have the same global warming potential (GWP) as other 

greenhouse gases when measured over a specified timescale 

(usually 100 years). 

CPUC (California Public 

Utilities Commission) 

State agency responsible for regulating privately owned electric, 

natural gas, telecommunications, water, railroad, rail transit, and 

passenger transportation companies. 

CV-RWQCB (Central 

Valley Regional Water 

Quality Control Board) 

One of nine regional water quality control boards established by 

the 1970 Porter-Cologne Water Quality Control Act that delegated 

long-term planning and water quality enforcement authority to 

regional boards. 

CV-SALTS (Central 

Valley Salinity 

Alternatives for Long-

term Sustainability) 

A multi-stakeholder effort to produce a salt and nitrate 

management plan (SNMP) for the Central Valley. 

CVSC (Central Valley 

Salinity Coalition) 

Created as a non-profit member organization in 2008 to assist 

with implementing the SNMP into the basin plans, as well as to 

manage salts and nitrates in the Central Valley. 

CY (Calendar Year) The 12 month period: January through December of any year. 

DAC (Disadvantaged 

Community) 

A regulatory policy term used by federal and State agencies to 

identify communities eligible for different types of assistance. 

Different programs use different definitions and criteria to 

identify DACs (for example, some target communities at risk for 

health and safety issues due to environmental and other factors, 

others target populations based on economic factors). 

DER (Distributed 

Energy Resource) 

Generally used to identify energy resources that are connected at 

the energy distribution utility level, including distributed electric 

generation and renewable natural gas resources, energy 

efficiency, energy storage, electric vehicles, and demand response 

technologies. 

DG (Distributed 

Generation) 

Electricity production that is on-site or close to the load center 

and is interconnected to the utility distribution system. 
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Term Definition 

Disinfected secondary 

2.2 recycled water 

Recycled water that has been oxidized and disinfected so that the 

median concentration of total coliform bacteria in the disinfected 

effluent does not exceed a most probable number (MPN) of 2.2 

per 100 milliliters utilizing the bacteriological results of the last 

seven days for which analyses have been completed, and the 

number of total coliform bacteria does not exceed an MPN of 23 

per 100 milliliters in more than one sample in any 30 day period. 

Disinfected Secondary 

23 Recycled Water  

Recycled water that has been oxidized and disinfected so that the 

median concentration of total coliform bacteria in the disinfected 

effluent does not exceed a most probable number (MPN) of 23 per 

100 milliliters utilizing the bacteriological results of the last 

seven days for which analyses have been completed, and the 

number of total coliform bacteria does not exceed an MPN of 240 

per 100 milliliters in more than one sample in any 30 day period. 

distributed water 

resources 

A term developed for this project that refers to customer side 

water resources such as water conservation and efficiency, and 

on-site production and use of recycled water.  

DR (Demand Response) Short-term changes in electric usage made in response to price 

signals, incentives, or operating agreements to support electric 

reliability. 

drought Hydrologic conditions during a defined period, greater than one 

dry year, when precipitation and runoff are much less than 

average and impacts to people, the environment, and the 

economy are severe. 

drought resilience The ability to sustain extended periods of low precipitation and 

water supplies without significant harm to people, the economy 

and the environment. 

DSM (Demand Side 

Management) 

Programs that reduce energy and water usage through user 

(customer) conservation and efficiency. 

CDWR (California 

Department of Water 

Resources) 

State agency responsible for water planning and management. 

EE (Energy Efficiency) Using less energy to perform the same unit of work. 

EPIC (Electric Program 

Investment Charge) 

A surcharge established by the CPUC and assessed to electric 

customers of PG&E, SCE, and SDG&E for the purpose of funding 

clean energy technology research. 
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Term Definition 

electric reliability The ability of an electric system to avoid instability, uncontrolled 

separation, or cascading failures due to a sudden disturbance or 

unanticipated failure of system elements. 

Electrochemical 

Activated Water (ECA) 

Process that uses water, salt and electricity to produce a 

disinfectant and detergent. 

EI (Energy Intensity) The average amount of energy used to perform a unit of work. 

Embedded energy The amount of energy deemed embedded in (input to) a product, 

system, or process. 

EO (Executive Order) A signed, written, and published directive from the Governor of 

California to state agencies. 

F&B (Food & Beverage) An industry segment that processes or manufactures food 

products and beverages. 

FY (Fiscal Year) The fiscal year for state and most local governmental entities in 

California typically run from July to June. 

GGRF (Greenhouse Gas 

Reduction Fund) 

A fund established in 2012 to receive Cap-and-Trade auction 

proceeds appropriated by the Legislature and Governor for 

projects that support the goals of Assembly Bill 32, California 

Global Warming Solutions Act.116 

GHG (Greenhouse Gas) 

emissions 

Any gas that absorbs infrared radiation in the atmosphere and 

contributes to global warming (for example, water vapor, 

methane, nitrous oxide, hydrochlorofluorocarbons, ozone, 

hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride). 

GPCD (Gallons per 

capita per day) 

In context of California’s mandatory urban water efficiency 

policies, indoor use is aggregated across population in an urban 

water supplier’s service area (not each household).117 

gpd (gallons per day) Number of gallons per day (used, pumped, treated, etc.). 

gpm (gallons per 

minute) 

The number of gallons per minute that are flowing at any 

particular point in a water or wastewater utility’s system. 

                                                 
116 “CCI (California Climate Investments) Funded Programs.” Air Resources Board. https://ww2.arb.ca.gov/our-
work/programs/california-climate-investments/cci-funded-programs.  

117 California State Water Resources Control Board (SWRCB), Water Conservation Fact Sheet, Water Efficiency Legislation 
will Make California More Resilient to Impacts of Future Droughts, (Sacramento, CA, June 7, 2018). 

https://ww2.arb.ca.gov/our-work/programs/california-climate-investments/cci-funded-programs
https://ww2.arb.ca.gov/our-work/programs/california-climate-investments/cci-funded-programs


82 

Term Definition 

GSA (Groundwater 

Sustainability Agency) 

A new structure required by the Sustainable Groundwater 

Management Act (SGMA) for managing California’s high and 

medium priority groundwater basins and sub-basins.118 

GSP (Groundwater 

Sustainability Plan) 

Detailed roadmaps that describe the steps that high and medium 

priority groundwater basins and sub-basins will implement to 

achieve groundwater sustainability in accordance with the 

Sustainable Groundwater Management Act (SGMA).119 

GWh (Gigawatt hour) One million kilowatt hours. 

HPU (High Power 

Ultrasound) 

Low frequency, high-power ultrasound (20kHz - 1MHz) can be 

applied to   industrial processes including food safety.120 

HRAP (High Rate Algal 

Ponds) 

Ponds designed to optimize algae biomass growth. 

Integrated Energy 

Policy Report 

Biennial energy assessments and forecasts conducted by the 

Energy Commission as required by state legislation to support 

development of energy policies that conserve resources, protect 

the environment, ensure energy reliability, enhance the state's 

economy, and protect public health and safety. 

kWh (kilowatt hour) One kWh is the use of one kilowatt of electricity for one hour. 

MAF (Million Acre-Feet) One million acre-feet (280,026 million gallons). 

MBR (Membrane 

Bioreactor) 

An advanced wastewater treatment technology that uses a 

combination of biological treatment and microfiltration. 

MG (Million Gallons) One million gallons (3,571,097 acre-feet). 

MGD (Million Gallons 

per Day) 

Number of millions of gallons per day (used, pumped, treated, 

etc.). 

MTCO2e (Metric Tonne 

of CO2 Equivalents) 

One metric tonne (2204.6 pounds) of greenhouse gases. 

                                                 
118 “Groundwater Sustainability Agencies.” California Department of Water Resources. 
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainable-
Agencies.  

119 “Groundwater Sustainability Plans.” California Department of Water Resources. 
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-
Sustainability-Plans.  

120 “High Power Ultrasound Technology.” Innovative Ultrasonics. http://www.innovativeultrasonics.com/applications/.  

https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainable-Agencies
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainable-Agencies
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainability-Plans
https://water.ca.gov/Programs/Groundwater-Management/SGMA-Groundwater-Management/Groundwater-Sustainability-Plans
http://www.innovativeultrasonics.com/applications/
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Term Definition 

MWD (Metropolitan 

Water District of 

Southern California) 

California’s largest supplier of urban water serving 19 million 

residents in southern California through 26 member public 

agencies. 

MWELO (Model Water 

Efficient Landscape 

Ordinance) 

Established by the California Water Commission to reduce the 

percentage of landscaped areas that can be planted with high 

water use plants, including turf, to 25 percent. Local agencies can 

establish their own ordinances as long as they adhere to the 

principles. 

NAICS (North American 

Industry Classification 

System) 

A 6-digit coding system used by federal statistical agencies to 

classify business establishments for the purpose of collecting, 

analyzing, and publishing statistical data related to the national 

business economy. 

“normal” hydrology Long term recorded historical average annual precipitation. 

Non-Potable Water 

Program (NPWP) 

The City and County of San Francisco’s model Non-Potable Water 

Program. 

Primary Wastewater 

Treatment 

The process of filtering out large particles in liquid waste. 

Recycled Water Water that is captured and treated after use so that it can be 

beneficially reused. 

Secondary 

Undisinfected 

Wastewater Treatment 

This is oxidized wastewater. 

Secondary Wastewater 

Treatment 

Use of additional filtration, aeration and/or oxidation to improve 

the quality of primary treated wastewater effluent. 

SFPUC (San Francisco 

Public Utilities 

Commission) 

The City and County of San Francisco’s department of water, 

wastewater, and energy utility services. 

SGMA (Sustainable 

Groundwater 

Management Act) 

State legislation requiring local governments and water agencies 

of high and medium priority basins to halt overdraft and bring 

groundwater basins into balanced levels of pumping and 

recharge. 

SNMP (Salt and Nitrate 

Management Plan) 

Adopted by the Central Valley Regional Water Quality Control 

Board (RWQCB) on June 1st, 2018 to mitigate threats to 

groundwater quality from salts, nitrates, and other contaminants. 
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Term Definition 

Stranded Costs Investments made in facilities, systems, infrastructure, etc. that 

cannot be financially recovered in the manner initially 

contemplated at the time that the investment decision was made. 

SWA (Surface Water 

Augmentation) 

Surface water augmentation" means the planned placement of 

recycled water into a surface water reservoir used as a source of 

domestic drinking water supply.”121 

SWRCB (State Water 

Resources Control 

Board) 

State agency responsible for preserving, enhancing, and restoring 

the quality of California’s water resources and drinking water for 

the protection of the environment, public health, and all 

beneficial uses, and to ensure proper water resource allocation 

and efficient use. 

TAF (thousand acre-

feet) 

One thousand acre-feet (280 million gallons). 

Tertiary Wastewater 

Treatment 

Additional treatment to improve the quality of the secondary 

effluent before it is discharged to the environment or used as 

recycled water; typically involves removing more solids through 

filtration, further reducing biochemical oxygen demand, and 

disinfection. 

TID (Tulare Irrigation 

District) 

An irrigation special district in Tulare County operating under the 

California Water Code. 

Title 20 California Code of Regulations, Public Utilities and Energy. 

California’s Appliance Efficiency Regulations, including water 

efficient fixtures and appliances, reside within Title 20, Division 

2, State Energy Resources Conservation and Development 

Commission. 

Title 22 California Code of Regulations, Social Security. California’s Water 

Recycling Criteria resides within Title 22, Division 4, 

Environmental Health.  

Title 24 California Code of Regulations, Building Standards Code. 

California’s Plumbing Code resides within Title 24, Part 5. 

USBR (U.S. Bureau of 

Reclamation 

Federal agency responsible for managing, developing, and 

protecting water and related resources that are collected and 

delivered from federal water projects. 

                                                 
121 California Water Code, Section 13561 (d) Surface Water Augmentation. 
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Term Definition 

USGS (U.S. Geological 

Survey) 

Sole science agency for the federal Department of the Interior.122 

UV (Ultraviolet) A type of electromagnetic radiation found effective for 

disinfection. 

UWMP (Urban Water 

Management Plan) 

Required at 5 year intervals by California Water Code Division 6 

Part 2.6 Urban Water Management Planning by all urban water 

suppliers providing water for municipal purposes either directly 

or indirectly to more than 3,000 customers or supplying more 

than 3,000 acre-feet of water annually. 

Water Use Cycle A framework established by the Energy Commission to estimate 

the amount of energy embedded in water resources and water 

and wastewater systems. The purpose of the framework is to 

enable computing the energy intensity of alternative water 

resources or water savings for purposes of determining the 

appropriate amount of energy investment in water efficiency. 

WCP (Water 

Conservation Plant) 

Term used to describe wastewater treatment plants that produce 

recycled water. 

WPCF (Wastewater 

Pollution Control 

Facility) 

Term used to describe wastewater treatment plants. 

WWTF (Wastewater 

Treatment Facility) 

Another term used to describe wastewater treatment plants. 

WY (Water Year) October through September. WY2018 begins on October 1, 2017 

and ends on September 30, 2018. 

 

 

  

                                                 
122 “About Us.” U.S. Geological Survey. https://www.usgs.gov/about/about-us.  

https://www.usgs.gov/about/about-us
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