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1. Introduction 
Although a large percentage of my posts are about energy, I have written about water 
utilities before. Energy is required to process water, pump water and otherwise make it 
suitable for use. Also, guess which sector is the largest user of water? The chart below 
might help you. 

This chart is part of a roadmap created to 
“make nontraditional sources of water (i.e., 
brackish water; seawater; produced and 
extracted water; and power sector, industrial, 
municipal, and agricultural wastewaters) a 
cost-effective alternative.”1 

If you look at the beginning of section 2, you 
will see that the organization that authored 
the roadmap was created by the U.S. 
Department of Energy, so I’m on firm ground. 

Recently I posted a paper that explored water 
use by the number-two user in this chart, which is described and linked below. 

California Agricultural Demand Response: California has issues with climate change 
that cause frequent droughts. Although we also have a very well-developed water 
resources system with many reservoirs and aqueducts, it is currently being stretched to 
the limit by these droughts.  

When our water resources system cannot supply the water that farmers need, they tap 
their groundwater, and this too is becoming overextended.  

As with many problems, this one described above also comes with an opportunity. 
Groundwater pumping has a strong potential for demand response. By creating 
incentives for farmers that implement demand response, the state will help them offset 
some of the expenses that will result from implementing better groundwater 
management practices. 

This paper has three subjects: (1) current California agricultural production, (2) 
agricultural demand response systems and water management techniques, and (3) 
some systems that will implement the second subject. 

https://energycentral.com/c/em/california-agricultural-demand-response  

                                                 
1 David Sedlak, Meagan Mauter, Jordan Macknick, Jennifer Stokes-Draut, Peter Fiske, Deb Agarwal, 

Thomas Borch, Richard Breckenridge, Tzahi Cath, Shankar Chellam, Amy Childress, Dion D. Dionysiou, 

Daniel Giammar, Eric Hoek, Sunny Jiang, Lynn Katz, Jaehong Kim, Robert Kostecki, Jeffrey 

McCutcheon, Yarom Polsky, Zachary Stoll, Pei Xu, National Alliance for Water Innovation (NAWI), 

“NAWI Master Technology Roadmap”, August 2021, DOE/GO-102021-5617. 

https://www.nrel.gov/docs/fy21osti/80705.pdf  

https://energycentral.com/c/em/california-agricultural-demand-response
https://www.nrel.gov/docs/fy21osti/80705.pdf
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And in April I posted the paper described and linked below. 

DOE Solar Desalination Prize: The Solar Desalinations Prize is a four-round 
completion among developers of innovative technologies that will be used in the future 
for less expensive and more flexible desalination system.  

Removing salt from water takes a lot of energy! Many of the largest untapped water 
resources in the US and around the world cannot be cost-effectively used because of 
high concentrations of dissolved salts. 

Water treatment processes, like reverse osmosis, are efficient when salt concentrations 
are low, but can’t treat high-salt waters like those that are produced from oil and gas 
wells, concentrated brines, and some industrial and agricultural wastewaters. 

Novel thermal desalination technologies can purify water with very high salt content 
without dramatically increasing the amount of energy required. By using solar thermal as 
the energy source, desalination technologies could be used in a variety of important 
environments, especially in arid areas with high sun exposure, where water purification 
is especially important. 

Note that the Quarterfinalists were announced September 28, 2021. There is a link to a 
site with the names and locations of these below the link to the paper. 

https://energycentral.com/c/um/doe-solar-desalination-prize  

https://www.energy.gov/eere/solar/american-made-challenges-solar-desalination-prize-
round-2  

This paper will focus on methods and projects to use water more sustainably. 

2. The National Alliance for Water Innovation (NAWI) 
In 2019, the U.S. Department of Energy (DOE) established an Energy-Water 
Desalination Hub (part of a family of Energy Innovation Hubs) to address water security 
issues in the United States. NAWI was funded to address this critical component of the 
DOE’s broader Energy-Water Nexus portfolio to help address the nation’s water security 
needs. NAWI’s goal is to enable the manufacturing of energy-efficient desalination 
technologies in the United States at a lower cost with the same (or higher) quality and 
reduced environmental impact for 90 percent of nontraditional water sources within the 
next 10 years. 

NAWI is led by Lawrence Berkeley National Laboratory in Berkeley, California and 
includes Oak Ridge National Laboratory, the National Renewable Energy Laboratory, 
the National Energy Technology Laboratory, 19 founding university partners, and 10 
founding industry partners.  

This partnership is focused on conducting early-stage research (technology readiness 
levels [TRLs] 2–4) on desalination and associated water-treatment technologies to 
secure affordable and energy-efficient water supplies for the United States from 
nontraditional water sources. NAWI’s five-year research program will consist of 
collaborative early-stage applied research projects involving DOE laboratories, 
universities, federal agencies, and industry partners. DOE is expected to support NAWI 
with $110 million in funding over five years, with an additional $34 million in cost-share 
contributions from public and private stakeholders. 

https://energycentral.com/c/um/doe-solar-desalination-prize
https://www.energy.gov/eere/solar/american-made-challenges-solar-desalination-prize-round-2
https://www.energy.gov/eere/solar/american-made-challenges-solar-desalination-prize-round-2
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2.1. This Roadmap 
As a part of the NAWI research program, this Master Roadmap was developed to 
identify research and development (R&D) opportunities that help address their particular 
challenges that the five water sectors (Power, Resource Extraction, Industry, Municipal, 
and Agriculture, or PRIMA) face in treating nontraditional water sources. Recognizing 
the important sector-specific variations in water availability and water technology needs, 
NAWI has also published five end-use water roadmaps with tailored R&D and modeling 
opportunities for each sector. These roadmaps have each been published as standalone 
documents that can inform future NAWI investments as well as provide insight into 
priorities for other research funding partners. 

2.2. Pipe-Parity 
A core part of NAWI’s vision of a circular water economy is reducing the cost of treating 
nontraditional source waters to the same range as the portfolio of accessing new 
traditional water sources, essentially achieving pipe-parity. The costs considered are not 
just economic but include consideration of energy consumption, system reliability, water 
recovery, and other qualitative factors that affect the selection of a new water source. To 
effectively assess R&D opportunities, pipe-parity metrics are utilized; they encompass a 
variety of information that is useful to decision makers regarding investments related to 
different source water types. 

Pipe-parity is defined as technological and non-technological solutions and capabilities 
that make marginal water sources viable for end-use applications. Like the concept of 
grid parity (where an alternative energy source generates power at a levelized cost of 
electricity [LCOE] that is less than or equal to the price of power from the electricity grid), 
a nontraditional water source achieves pipe-parity when a decision maker chooses it as 
their best option for extending its water supply. 

Specific pipe-parity metrics of relevance can include: 

Cost metrics can include levelized costs of water treatment as well as individual cost 
components, such as capital or operational and maintenance (O&M) costs. 

Energy performance metrics can include the total energy requirements of the water 
treatment process, the type of energy required (e.g., thermal vs. electricity), embedded 
energy in chemicals and materials, and the degree to which alternative energy resources 
are utilized. 

Water treatment performance metrics can include the percent removal of various 
constituents of concern and the percent recovery of water from the treatment train. 

Externality metrics can include air emissions, greenhouse gas emissions, waste 
streams, societal and health impacts, and land-use impacts. 

Process adaptability metrics can include the ability to incorporate variable input water 
qualities, incorporate variable input water quantity flows, produce variable output water 
quality, and operate flexibly in response to variable energy inputs. 

System reliability and availability metrics can include factors related to the likelihood 
of a water treatment system not being able to treat water to a specified standard at a 
given moment, how quickly the system can restart operations after being shut down for a 
given reason, confidence in source water availability, the degree to which the process is 
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vulnerable to supply chain disruptions, and the ability to withstand environmental, 
climate, or hydrological disruptions. 

Compatibility metrics can include ease of operation and level of oversight needed, how 
well the technology integrates with existing infrastructure, how consistent the technology 
is with existing regulations and water rights regimes, and the level of social acceptance. 

Sustainability metrics can include the degree to which freshwater inputs are required 
for industrial applications, the percentage of water utilized that is reused or recycled 
within a facility, and watershed-scale impacts. 

To establish references on which pipe-parity metrics are most applicable in each sector, 
baseline studies for each of NAWI’s eight nontraditional water sources (see below) have 
been conducted. These studies collect data about the use of each source water and 
evaluate several representative treatment trains for the targeted source water to better 
understand current technology selections and implementation methods. The baselines 
provide range estimates of the current state of water treatment pathways across pipe-
parity metrics, which enable the calculation of potential ranges of improvement. 

2.3. Nontraditional Water Sources 
NAWI has identified eight nontraditional water supplies of interest for further study: 

Water from the ocean or from bodies strongly influenced by ocean water, including 
bays and estuaries, with a typical total dissolved solids (TDS) between 30,000 and 
35,000 milligrams per liter (mg/L). 

Water pumped from brackish aquifers, with particular focus on inland areas where 
brine disposal is limiting. Brackish water generally is defined as water with 1–10 grams 
per liter (g/L) of total dissolved solids (TDS). 

Water from various industrial processes that can be treated for reuse. 

Wastewater treated for reuse through municipal resource recovery treatment plants 
utilizing advanced treatment processes or decentralized treatment systems 

Wastewater from tile drainage, tailwater, and other water produced on irrigated 
croplands, as well as wastewater generated during livestock management that can be 
treated for reuse or disposal 

Wastewater from mining operations that can be reused or prepared for disposal 

Water used for or produced by oil and gas exploration activities (including fracking) 
that can be reused or prepared for disposal 

Water used for cooling or as a byproduct of treatment (e.g., flue gas desulfurization) 
that can be reused or prepared for disposal 

These nontraditional water sources range widely in TDS (from 100 milligrams per liter 
[mg/L] to 800,000 mg/L total) as well as the type and concentrations of contaminants 
(e.g., nutrients, hydrocarbons, organic and inorganic compounds, metals). These 
different water supplies require varying degrees of treatment to reach reusable quality. 
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2.4. End Use Sectors 
When these nontraditional water supplies are treated with novel technologies created 
through the NAWI desalination hub, these remediated wastewaters could be repurposed 
back to one or more of the following five end-use sectors: 

Power: Water used in the electricity sector, especially for thermoelectric cooling 

Resource Extraction: including mining and oil and gas exploration and production 

Industrial: Water used in industrial and manufacturing activities not included elsewhere, 
including but not limited to petrochemical refining, food and beverage processing, 
metallurgy, and commercial and institutional building cooling 

Municipal: Water used by public water systems (which include entities that are both 
publicly and privately owned) to supply customers in their service area 

Agriculture: Water used in the agricultural sector, especially for irrigation and food 
production 

2.5. Comment by Author 
The reference 1 document is not terribly long, but there are many details that I believe 
will change as this agency executes the roadmap. I believe they will find many 
opportunities to help develop the new technologies, processes and materials required to 
efficiently reuse unconventional water sources. This is particularly important in my home 
state with our water scarcity issues. This was partially covered in “California Agricultural 
Demand Response” described and linked in the Introduction, and will also be covered in 
the next section. 

3. Northern California Actions 
I will start in my long-time home town (Livermore) and expand to collaborative efforts 
made in the San Francisco Bay area as a whole. 

3.1. Livermore Water Resources Division – Recycled Water 
The Livermore Water Reclamation Plant produces recycled water for irrigation and fire 
protection uses. An average of 2 million gallons of recycled water is used every day in 
our recycled water service area. 2 

Livermore Municipal Water staff maintain and inspect the City’s recycled water 
infrastructure and respond to emergencies 24/7. Livermore’s recycled water 
infrastructure includes two 1.88 million-gallon above ground reservoirs, 20 miles of 
recycled water mains, and 100 recycled water (purple) fire hydrants. 

3.1.1. About Recycled Water 

California Water Code defines recycled water as "water which, as a result of treatment of 
waste, is suitable for a direct beneficial use or a controlled use that would not otherwise 
occur." Water recycling allows water managers to match water quality to specific reuse 

                                                 
2 Livermore California, “Recycled Water,” https://www.cityoflivermore.net/government/public-

works/water-resources/livermore-municipal-water/recycled-water  

https://www.cityoflivermore.net/government/public-works/water-resources/livermore-municipal-water/recycled-water
https://www.cityoflivermore.net/government/public-works/water-resources/livermore-municipal-water/recycled-water
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applications. This reduces the amount of water that is drinking quality being used for 
non-drinking purposes. 

Wastewater at the Livermore Water Reclamation Plant goes through primary, 
secondary, and advanced tertiary treatment. During primary treatment, large solids are 
removed. During secondary treatment, bacteria are used to remove 95-98% of the 
remaining solids and organic material. Tertiary treatment uses filtration to remove any 
remaining solids and ultraviolet disinfection to destroy bacteria, viruses, and other 
pathogens. These processes duplicate nature's own purifying actions. 

Generally, state, environmental management, and public health agencies regulate the 
production, conveyance, and use of recycled water. The U.S. Environmental Protection 
Agency and local health agencies may also have a role in regulating recycled water use. 

3.1.2. How the Quality of Recycled Water Compares to Drinking Water 

The final use of the water dictates how much additional treatment is required over and 
above the baseline treatment required for discharge into a waterway. Recycled water 
that has the greatest potential for human contact must have the highest level of 
treatment and reliability. Treatment requirements are less intense for non-potable uses 
where human contact is less likely to occur. 

3.1.3. How Recycled Water is used in Livermore 

97% of Livermore’s recycled water is used for irrigation at commercial properties, the 
Las Positas Municipal Golf Course, and public parks and facilities. 3% of the recycled 
water is used for fire protection, construction uses, street sweeping, and toilet/urinal 
flushing. 

3.1.4. Separation of Water Systems 

There are separate pipes for drinking and recycled water. Recycled water facilities are 
also clearly distinguishable to avoid mixing. Recycled water pipes and hydrants are 
purple and labeled with the words "Recycled Water - Do Not Drink." 

3.2. Livermore Valley Groundwater Management 

Note that Zone 7 is responsible for water supply and management in the Livermore 
Valley. 

3.2.1. Livermore Valley Groundwater Basin 

Roughly 20 percent of Zone 7’s water supply is available from water that exists below 
your feet in what’s called a groundwater basin. We are fortunate that sands and gravels 
deposited millennia ago in our valley provide space between the rock particles for water 
molecules to sit. If you’ve ever seen water disappear into the soil, you have witnessed 
groundwater recharge.3 

Annual rainfall, as well as flow in local streams, help to replenish the groundwater that 
has been used the previous year. This replenishment is called “groundwater recharge.” 
Not all soils are conducive to allowing water to infiltrate, which is why you may see areas 
that pond water after a rain. Just because water ponds does not mean there isn’t a 

                                                 
3 Zone 7 Water Agency, “Groundwater Management,” https://www.zone7water.com/groundwater-

management  

https://www.zone7water.com/groundwater-management
https://www.zone7water.com/groundwater-management
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groundwater basin below an area. It simply means that surface water may not be able to 
seep down to recharge lower layers in that area. 

Many of the soils in the valley do allow water to seep down to lower layers (called 
aquifers) and continue to filter down into even lower levels of the groundwater basin. The 
groundwater basin is made up of several aquifer layers. Once the water makes its way 
down to these lower aquifer layers, wells can be drilled that allow the water to be 
pumped out and used. 

Prior to the 1960s, the Livermore Valley Groundwater Basin had been overused and 
water had been significantly drained from the aquifer layers. Agreements with the State 
Water Project (run by the California Department of Water Resources) provide not only 
surface water through the South Bay Aqueduct to our drinking water treatment plants, 
but also provide turnouts from the aqueduct that allow water to be routed into local 
streams to help replenish the groundwater basin through the process of what we call 
“artificial groundwater recharge.” Zone 7 has been actively managing the groundwater 
basin since the agreement with the State Water Project became effective. 

The graphic below shows you that the basin was being pumped heavily in the early part 
of the 20th century as population growth and agricultural uses were happening in the 
valley. The descending line shows that water levels in the basin were dropping 
drastically (called “overdraft”) until Zone 7 started importing water from the State Water 
Project to recharge the basin and allow water levels to recover.  

 
 Year 

 Note that 1987 through 1992 were drought years 

In addition to Zone 7’s use of the groundwater basin, two local water retailers also have 
municipal wells that extract groundwater for use. In order to maintain the more recent 
operational range (shown in the light-orange box of the graphic), the local water retailers 
have maintained a consistent, contractual groundwater pumping quota (GPQ). This GPQ 
represents the amount of water naturally stored in the groundwater basin from rainfall 
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that could be pumped for use in any given year. Retailers with wells and those operated 
by Zone 7 aim to only pump water that is naturally recharged from rainfall or has been 
“stored” as a part of artificial recharge efforts… 

In 2014 California enacted the Sustainable Groundwater Management Act (SGMA) 
where the legislation designated Zone 7 Water Agency as the exclusive Groundwater 
Sustainability Agency (GSA) for groundwater basins within its boundaries. Zone 7 has a 
role in all or portions of three groundwater basins. The Livermore Valley Groundwater 
Basin (DWR 2-10) spans the central part of the valley and portions of the basin exist 
under the cities of Dublin, Livermore and Pleasanton… 

3.3. Bay Area Regional Desalination Project 
California has quite a few desalination plants already. For details see the paper 
described and linked below: 

Watts and Water: Electricity and water are invariably linked. Given enough inexpensive 
power, there will be no shortage of water. 

This post is about three technologies. One is the current state-of-the art technology for 
desalination, one is a potentially more efficient technology for desalinization, and a third 
is a technology for extracting water from the atmosphere. 

https://www.energycentral.com/c/ec/watts-and-water  

The title of this subsection is a collaborative project among several San Francisco water 
districts. 

3.3.1. Project Goals and Benefits 

Provide a reliable water supply source available during contract delivery reductions, 
extended droughts, and emergencies such as earthquakes or levee failures.4 

Allow other major facilities such as treatment plants, water pipelines, and pump stations, 
to be removed from service for maintenance or repairs. 

Minimize the potential for adverse environmental impacts. 

Leverage existing and contiguous infrastructure to meet demands and minimize costs. 

3.3.2. What’s been done to Date 

In May 2003, the partner agencies initiated a pre-feasibility study to identify fatal 
environmental or technical flaws for a regional facility to serve the original partner 
agencies. The study concluded there are at least three locations in the Bay Area where 
a regional desalination facility could be located. The agencies then conducted a 
feasibility study to refine the institutional, technical, environmental and scientific merits of 
a regional facility. Public presentations and informational materials were provided in 
autumn 2006 to inform the public on what had been conducted and the next steps. 

Following the Feasibility Analysis, the State Department of Water Resources awarded 
the agencies a $1 million grant to fund a small-scale pilot project. Contra Costa County 
was selected as the best location for a pilot desalination plant, and a pilot plant operated 
at the Contra Costa Water District's Mallard Slough Pump Station from October 2008 to 

                                                 
4 Bay Area Regional Desalination Project, “About the Project,” https://www.regionaldesal.org/projects  

https://www.energycentral.com/c/ec/watts-and-water
https://www.regionaldesal.org/projects
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April 2009 (see figure below). The pilot desalination plant tested pretreatment options, 
membrane performance, and approaches for brine disposal. The Pilot Plant Testing at 
Mallard Slough Engineering Report was finalized in June 2010, and concluded that 
desalination is technically feasible at the Mallard Slough Pump Station location. 

 

Author’s comment: Mallard Slough Pump Station is located in the Sacramento – San 
Joaquin Delta, in an area that has significantly lower salinity than ocean water. Further 
east the delta is fed by its two named river systems. Further west the salinity rises 
considerably (close to ocean-levels). The lower salinity at Mallard Slough allow the water 
to be desalinated with less energy (vs. ocean salinity-levels) needed to pressurize the 
water at the input of the reverse osmosis permeable membranes. 

Zone 7 Water Agency joined the Bay Area Regional Desalination Project partner 
agencies in June of 20l0, at the beginning of an Institutional Feasibility Analysis to 
evaluate feasible desalination scenarios. 

At the conclusion of the Institutional Feasibility Analysis, the agencies determined that 
the Oceanside site in San Francisco and the Near Bay Bridge site in Oakland were not 
feasible for further consideration. The agencies also reviewed other sites in the vicinity 
and determined that the Mallard Slough pump station continued to afford the agencies 
the most flexibility (it has connection points to both Contra Costa Water District and East 
Bay Municipal Utility District) and would require the least construction of new 
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infrastructure (which would present both environmental effects and higher costs). The 
agencies also revised their demands based on more current projections following the 
economic downturn, resulting in the collective project demand being reduced to 
approximately 50 million gallons per day (mgd). 

Based on this institutional analysis, the agencies determined that they needed to 
investigate some key questions that are site-specific: 

1. Can East Bay Municipal Utility District (EBMUD) move sufficient water 
through its system to meet the demands of Zone 7, San Francisco Municipal 
Utility District (SFPUC) and Santa Clara Valley Water District (SCVWD) in all 
years? 

2. How would a regional project affect the water quality in the vicinity of Mallard 
Slough and the nearby outfalls? 

3. What effect would water quality changes have on fish habitat? 

4. What would be the regional project’s contribution to climate change? How, 
and to what extent, can the greenhouse gas effects be reduced or 
eliminated? 

5. To what extent can storage be used to optimize the capacity of a regional 
facility? 

These questions were the basis for the site-specific studies that were completed by the 
agencies in 2014. The results of the studies provided the following answers: 

1. Hydraulic modeling completed by EBMUD verified that up to 20 mgd could be 
wheeled to the Hayward Intertie at least 90% of the year, and 10 mgd to Zone 
7 through a proposed new intertie over 95% of the year (assuming 2040 
system demands and planned improvements). 

2. Operations of a 20 mgd plant at Mallard Slough would not have a significant 
impact on water quality or beneficial uses in the area under existing or 
forecast conditions (<0.25% EC). 

3. Sensitive fish species are present in the vicinity of the treatment plant in 
February – May, and mitigation for any potential impacts would be 
incorporated into the project design. 

4. Energy use and associated greenhouse gas emissions is less than other 
desalination projects because of a) existing facilities and b) brackish (lower 
salinity) source water. It would be even lower except that pumping and 
treatment for delivery routes adds energy consumption. 

5. The option to store water in Los Vaqueros could help meet over 80% of 
agencies’ collective drought needs (based on hydrologic history). 

Information on the site-specific analysis is shared through our website as well as through 
various public presentations made throughout our service areas. Check the “What’s 
New” section of our homepage to see what opportunities may be coming up for future 
participation. 
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3.3.3. Current Status 

With the site-specific studies completed, the agencies have determined the Bay Area 
Regional Desalination Project is technically feasible. The next step is to revisit the role of 
the project within the context of each agency’s changing water supply and demand 
picture through 2030. While the agencies continue to evaluate the need and benefits of 
the project individually, collectively, the agencies are embarking on a study to look more 
broadly at all the available opportunities to optimize the sharing of water resources 
across the region. In this context, the agencies will consider the use of existing supplies 
as well as new supply through desalination. By taking a more holistic and regional 
approach to water supply planning, the agencies hope to make the best use of scarce 
resources to serve the future needs of the Bay Area. 

3.3.4. Funding and Costs 

Technical study costs to date ($3.3 million) were supported by California state grant 
funds, and equally divided between the participating agencies. Preliminary capital cost 
estimates for a regional desalination facility depend on the utilization and location of 
facilities with an estimate of $200 million for a 20 mgd capacity project. Project 
construction could be phased. 

4. Final Author’s Comment 
The above information describes major development considerations and projects to 
increase access to water of the proper level of purity for each application. This is very 
important to my home state, and many states in the Western U.S. 

However it is even more important for many other parts of the world, especially many 
areas of developing countries. By asserting our leadership in making this critical 
resource available world-wide, it is hoped that we can increase our credibility and 
influence in solving other world-wide problems (like climate change). 


