APPENDIX H: Drought Resilient Technologies

Multiple sources, some public and some private, were scanned to identify technologies that
appeared to provide water benefits. Publicly available data sources that were used to identify
candidate technologies included the following.

Table 16. Public Sources of Candidate Drought Resilient Technologies

Data Sources

Database Purpose

Emerging Technologies Coordination
Council (ETCC) was created by the State’s
four largest energy 10Us (PG&E, SCE, SCG,
SDG&E) and the Energy Commission with
oversight from the CPUC. The State’s two
largest municipal utilities (SMUD and LADWP)
also participate.

The ETCC provides a collaborative forum for
sharing information on emerging technologies
opportunities and results. Efforts focus on
identification, assessment, and support for
commercialization of energy-reducing technologies
within all sectors. The ETCC also partners with
universities and research organizations, consulting
firms, professional associations, technology
companies, venture capitalists, and utilities.

E-SOURCE provides focused research and

consulting for utilities and their customers by
using market research data, expert analysis,
and industry experience to achieve that goal.

E-SOURCE emerging technology databases
captures studies and articles that help utilities
solve problems, make business decisions that
serve their customers well, and give them the
competitive advantage and intelligence they need
to succeed.

Energy Commission Electric Program
Investment Charge (EPIC) Program
Opportunity Notices (PON) and Grant Funding
Opportunity (GFO) Proposals — Energy
Commission PONs and GFOs fund clean
energy research, demonstration and
deployment projects that support California's
energy policy goals and promote greater
electricity reliability, lower costs, and increased
safety. The Energy Commission’s electricity
innovation investments follow an energy
innovation pipeline program design, funding
applied research and development, technology
demonstration and deployment, and market
facilitation to create new energy solutions,
foster regional innovation, and bring clean
energy ideas to the marketplace.

The Energy Commission through EPIC will fill
critical funding gaps within the energy innovation
pipeline to advance technologies, tools, and
strategies of near zero-net-energy residential
homes and commercial buildings, high-efficient
businesses, low-carbon localized generation,
sustainable bioenergy systems, electrification of
the transportation system, and a resilient grid that
is supported by a highly flexible and robust
distribution and transmission infrastructure. These
smarter, safer energy advancements provide
ratepayers with better electricity services, reduce
air pollution, foster economic development, and
help achieve the State's policy goals at the lowest
possible cost.




Data Sources

Database Purpose

The Statewide Deemed Workpaper Archive
provides public access to documents related to
the development, review, approval and use of
ex ante values within the energy efficiency
portfolio of programs offered by Program
Administrators (PAs) as authorized by the
California Public Utilities Commission (CPUC).

The Statewide Deemed Workpaper Archive
database includes deemed workpapers, submitted
supporting documents, and ex ante data which are
approved for use for any time period since January
1, 2015 (they are not necessarily currently
approved). The database also includes CPUC
energy division ex ante dispositions, which apply to
workpapers approved for use during any time
period since January 1, 2015.

Science Direct/Energy Procedia Scholarly Online Databases

Science Direct online research databases combine authoritative, full-text scientific, technical and
health publications with research articles covering a range of disciplines including theoretical and
applied physical sciences and engineering publications.

Industry and technology e-newsletters, studies, reports, journals, and other sources were also
scanned throughout the course of the project for information about new technologies that
appeared to offer both water and electric benefits.

This appendix contains descriptions of the following technologies:

Table 17. List of Technologies

Technology Technology Solution Provider Page

Pre-Treatment of Process Water Carden Water Systems H-3

2. :;:;?(rii;esviﬁrtem for AC and Production of N/A H-6
3. Commercial Laundry Water Recycling Aqua Recycle H-9
2. Biofiltration Wastewater Treatment Biofiltro BIDA System H-12
3. Forward Osmosis Porifera - Concentrator H-15
4. Contaminant Detection and Removal Porifera - dprShield H-18
5. Dry Ice Blasting Cold Jet H-20
6. Above Ground Irrigation System Certa-Set® H-24
7. Novel Membrane N/A H-27
8. Biological Reactor Bioforce H-29
9. Primary Wastewater Treatment ClearCove Systems H-33
10. Ozone Laundry NuTek H-38
11. Atmospheric Water Generator Various H-42
12. Advanced Disinfection Puralytics H-47
13. Smart Metering Various H-50
14. Smart Irrigation Various H-54




Candidate Technology 1: Pre-Treatment of Process Water:

Technology Name Pre-Treatment of Process Water

Reduce Use | O Water
O Water Use Increase
Technol -
Sg?ut?c?ntzg)y Efficiency Water Supply of Potable Management
Water for Non- Tools
Potable Uses

Sector(s) Agricultural Commercial Industrial O Residential

Agricultural: Dairy and Livestock

Commercial: Large Offices, Universities, Hospital Cooling Tower Blow
Industry Segment(s) | Down Applications

Industrial: Breweries, Wineries, Food and Beverage Manufacturing, Oil
and Gas, and Landfills

Drought Resilience High O Medium O Low

O Reduces Increases Produces/Uses Reduces
Water Use Water Supply Recycled Water Water Loss

O Distributed

Water Benefits

O Energy O Demand : O Increase
. . Efficienc Response Generation Energy Storage
Electric Benefits y ( (Increase Ability gy g
(Reduces (Ability to to Produce Clean
kWh) Shift Load?) )
Energy)
Yes. Carden Water System proposes to provide GHG benefits by
GHG Benefits reducing or eliminating the number of disposal wells and trucking and
piping costs.
Implementation _
Timeline <= 3years O 3-7 years 0> 7 years
Estimated Simple , .
Payback Cost not available to perform payback analysis.

What is the technology?

Carden Water systems present emerging water treatment technology that provides a clear path
for improving water applications to industries with the goals of consolidating water usage and
efficiency, decreasing system maintenance, improving business operations, and perfecting
system performance while enhancing the earth’s environment.

The Carden water technologies include filtration, biological treatment and desalination and
propose to treat produced water to higher standards and relieve stress on local water supplies.
Carden’s water technologies apply to commercial and industrial water regeneration and
conservation and avoids the requirement to wash billions of gallons of used water down the
drain. Carden Water Systems serve a wide variety of water applications that can be used to
treat almost any water supply, including, but not limited to, brackish & sea water (desalination),
produced water from oil & gas, cooling tower feed & “blow down” water, beverage companies

1 “Applications, Clean Water Solutions.” Carden Water Systems. http://www.cardenwater.com/applications/.



http://www.cardenwater.com/applications/

for feed water, Reverse Osmosis (RO) recovery and crushed cane sugar concentration,
breweries, wineries, bilge and grey water (Navy, cruise lines, tankers etc.), industrial, landfill &
agricultural waste water and mine discharge.

How does it work?

Every Carden system is a custom water treatment system designed and constructed specific to
end-use customers’ needs and specifications. Carden’s skid mounted water treatment
equipment can be configured to process and treat between 10,000 up to over 2.5 million
gallons per day (GPD) of feed water and can be scaled to any size or requirement. Since the
system is modular, additional “slave” units can be attached. These are fully integrated and
automated water systems that can be switched to manual run in case of emergencies. The
Carden system proposes to:

e Achieve any standard of purified water from most land, sea, or industrial process
source

e Pre-treat almost any water for direct discharge/reuse or use the water as feed water in
its membrane purified water production skid.

e Reduce ground or municipal water depletion

¢ Reject flow control and other reclamation options

¢ Reduce disposal fees, fines and sewage surcharges

e Ensure superior reclamation yields and efficiencies

Feed Water Flow

Carden Water System Process Carden’s Automation Computer System

What are the benefits?

Technology Name Carden Water System

Sector Commercial, Industrial, Aricultural

Agricultural: Dairy and Livestock

Commercial: Large Offices, Universities, Hospital Cooling Tower Blow
Industry Segment Down Applications

Industrial: Breweries, Wineries, Food and Beverage Manufacturing, Oil and
Gas, and Landfills




Technology Name

Carden Water System

Water Benefits

Level of Drought Resilience: High based on number of targeted adopters in
various sectors. Case studies estimated that the produced water, water
generated and used by the oil and gas industry, is expected to spend more
than $7 billion dollars a year in North America on handling and treating
wastewater alone. The percentage of water that each adopter could save in
this specific industry and other applicable industries could be significant.

Type of Drought Benefit:

e Increases Water Supply
e Increases Recycle/Reuse
¢ Reduces Water Loss

Water Resources

Type of Water Resource Benefit:

e Recycles produced water to fresh standards or acceptable levels for
discharge

e Separates, recovers and optionally recaptures suspended solids and
soluble (as much as 95% as a dry powder)

e Provides recycled water for frack makeup or other reuse applications

¢ Reduces use of natural fresh water supplies

¢ Reduces or eliminates the number of disposal wells and trucking and
piping costs

Electric Benefits

No explicit electric savings benefits stated from information sources
gathered.

Carden Water Systems allow for improved performance by providing
management the tools to quickly respond to changing business conditions
with proven solutions for water treatment technology. Batch processing
capabilities can put end-use customers in control of the processing through
interaction with their current plant controls.

Cost-Benefit
Analysis

No explicit electric savings benefits or cost estimates were provided from
information sources gathered.

Estimated Payback (years)

Other Benefits:
Health and Safety

Improves Water Quality

Other Benefits:
Environmental

e Protects Ecosystems

e Reduces GHG Emissions

e The small footprint design is disruptive to large traditional Reverse
Osmosis systems that lack the ability to optimize efficiency and
performance.

Other Benefits:
Economic

e  Supports economic growth
¢ Increases jobs and/or wages




Candidate Technology 2:
Integrated System for AC and Production of Drinking Water:

Technology Name Integrated Systems for AC and Production of Drinking Water

Technology O Water Use Increase Reduce O Water

Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- | Tools
Potable Uses

Sector(s) O Agricultural Commercial Industrial O Residential

Industry Segment(s) | Hotels, Banks, and Shopping Centers

Drought Resilience High ‘ O Medium O Low

Water Benefits O Increases Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes, production of water will reduce the amount of GHG needed to
bring more water to a given location

Implementation <= 3 years O 3-7 years O > 7 years

Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

The integrated HVAC system is designed to produce water and simultaneously for the air
conditioning of commercial hotels, banks and strip malls. It is optimized to maximize the
production of water by condensation in the heat exchanger of the chiller. This integrated HVAC
system serves as a stepping stone to integrate water filtration to produce potable water.

In one case study, the technology claims that water extraction can supply over 29% of the water
supply requirements, when the average yearly supply of water is over 24% of the total needs.
During summer months (July through September), the technology proposes that it is possible to
supply over 38% of water requirements.

How does it work?

This integrated HVAC system is comprised of two sections: one that treats the air for common
areas and the other dedicated to private rooms and to fan-coil supply and primary air control.
The air that comes from the water extraction loop, after the heat recovery, is used as fresh air

2 The 7th International Conference on Applied Energy - ICAE2015 Integrated systems for air conditioning and
production of drinking water - Preliminary considerations.



for both the common areas and the private rooms. The HVAC system must be sized considering
outdoor and indoor thermo-hygrometric conditions and the global heat load of the building. In
one case study conducted in Dubai, the hotel test case had a chiller plant system comprised of:

a. A water production treatment unit, a heat recovery unit, a cooling coil, a fan; and
b. An air handling treatment unit, a cooling coil, a fan, a refrigeration unit that provides air

treatment, and a refrigerant circulation pump.

Results show with the increased temperature yields increase water production. Further analysis
could show profitable treatment of condensed water. This technology will show a possible

sustainable way to reduce water consumption.

INTEGRATED SYSTEM
N°300 ROOMS

ROOMS MODULE

P=400kW
Q=30000mc/h

watar fow [ fday]

Drinking Water Diagram

Integrated Systems for AC and Production of Monthly Average Extractable Water Flow



What are the benefits?

Technology Name

Integrated Systems for Air Conditioning and Production of
Drinking Water

Sector

Commercial

Industry Segment

Hotels, Banks and Strip Malls

Water Benefits

Level of Drought Resilience: High based on number of targeted adopters in
the commercial sector and within the industry segment of hotels, banks and
strip malls where commercial chillers are used.

The technology claims that water extraction can supply over 29% of the
water supply requirements, when the average yearly supply of water is over
24% of the total needs. During summer months (July through September),
the technology proposes that it is possible to supply over 38% of water
requirements. The impact for adoption in the commercial sector and its
applicable industry segments could be significant.

Type of Drought Benefit:
e Increases Water Supply

Water Resources

Type of Water Resource Benefit:

e The integrated HVAC system is designed to produce water and
simultaneously for the air conditioning of commercial hotels, banks and
strip malls.

e Itis optimized to maximize the production of water by condensation in
the heat exchanger of the chiller.

e This integrated HVAC system serves as a stepping stone to integrate
water filtration to produce potable water.

¢ Reduces use of natural fresh water supplies

Electric Benefits

¢ Un-integrated HVAC systems still expend the energy necessary to cool
air and extract water in humid areas. By introducing water treatment
into this process, integrated HVAC systems consume less energy than
separate HVAC and atmospheric generator systems.

e No explicit information was provided to suggest the technology has
energy or water management communication features or feedback.

Cost-Benefit
Analysis

No explicit electric savings benefits or cost estimates were provided from
information sources gathered.

Estimated Payback could not be provided as the study did not provide
explicit cost or energy savings data.

Other Benefits:
Health and Safety

Improves Water Quality: The integrated system is not designed only as a
HVAC system, but it contains a water treatment facility that allows to obtain
drinking water.

Other Benefits:
Environmental

Reduces Pollutants: Mechanical filtration (not only for air), adsorption,
ultraviolet germicidal irradiation and ad hoc designed mineralization, are
planned to change simple polluted condensate in drinking water.

Other Benefits:
Economic

The economic aspects sometime have been considered of secondary
importance, even if, in more recent times, the efforts to reduce energy
consumption are assuming higher relevance.




Candidate Technology 3: Commercial Laundry Water Recycling:

Technology Name Aqua Recycle — Commercial Laundry Water Recycling
Technology O Water Use | O Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- | Tools
Potable Uses
Sector(s) O Agricultural Commercial | O Industrial O Residential
Industry Segment(s) | Commercial Laundry, Hospitality, Corrections
Drought Resilience High O Medium O Low
Water Benefits O O Increases Produces/Uses O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use
Electric Benefits Energy | O Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (
Clean Energy) )
GHG Benefits Yes.
Implementation <= 3 years O 3-7 years O > 7 years
Timeline
Estimated Simple 2 years.
Payback

What is the technology?

Aqua Recycle is the global leader in recycling laundry waste water and dryer heat recovery
systems for hotels, hospitals, military/governmental/correctional facilities and commercial
laundries. This patented, closed loop laundry wash water recycling system reduces incoming
water usage by 80%, cut energy costs to heat water by up to 50%, and reduce sewer discharge by
95% for a payback in less than two years.

How does it work?

Aqua Recycle’s state of the art technology reclaims 100% of the wastewater. The patented
process begins with the removal of suspended solids to under 2 microns. We then filter the
laundry wastewater through our proprietary blend of media to remove soaps, organics, free oil
and grease, odors, chlorine, detergents and other contaminants in the process water. The final
process uses low-pressure ultraviolet light and ozone to disinfect the process water. Recycled
water is returned for reuse, clean and disinfected, at an average temperature of 120 degrees.

3 Aqua Recycle website: http://www.aquarecycle.com.


http://www.aquarecycle.com/

What are the benefits?

With Aqua Recycle, water and sewer costs are reduced by 80%. Water usage is drastically
reduced by reclaiming and treating 100% of the wastewater. Approximately 10% of the total
water used in the wash process is lost through evaporation, and an additional 5% is used for
backwashing the filters. The net amount of water recycled and sent back to the washing
machines is 85% of the washing machines total water intake.

Energy costs are reduced by up to 50%. The unique system provides the added benefits of
tremendous energy savings since the recycled water is already pre-heated. In many laundry
operations, the combination of high temperature hot water (160 to 180 degrees) with cold water
rinses and flushes provides an average wastewater temperature of 110 to 120 degrees. This
temperature is maintained throughout our closed-loop, pressurized recycle process. Typical
city water sources provide water at temperatures between 55 and 65 degrees. Recycled water
only requires heating an additional 30 to 40 degrees to bring it to your desired wash
temperature compared to an additional 100 degrees without our Recycle System.

Technology Name Aqua Recycle
Sector Commercial
Industry Segment Commercial: Laundry, Hospitality, Corrections
Water Benefits Level of Drought Resilience: High based on number of targeted adopters in

the commercial sector and the high reduction in water usage per unit

Type of Drought Benefit:
¢ Increases Recycle/Reuse

Water Resources Type of Water Resource Benefit:

e Enables process water to be reused multiple times, significantly
reducing withdrawals of valuable potable water supplies (urban drinking
water resources, including surface and groundwater)

Electric Benefits e Energy costs are estimated to be reduced by 50% because the recycled
water only needs to be reheated 30 to 40 degrees to be useful for
additional washes, compared to the usual heating of a typical city water
source of up to 100 degrees.

Cost-Benefit Estimated Payback 1.074 years based on a sample project in San Juan,
Analysis Puerto Rico

Other Benefits: o Alleviating aged wastewater collection and treatment infrastructure
Health and Safety reduces frequency of regulatory permit violations and inadvertent

discharge of untreated and/or nondisinfected wastewater effluent to the
environment, reducing risks to people, animals and plants

Other Benefits: Reduces GHG Emissions

Environmental e Reducing natural gas usage which is primary activity of this system will
reduce GHG emissions on a net basis

¢ Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources, much of which is produced by
natural gas.

¢ Increasing production of distributed renewable energy reduces electric
transmission losses and enhances ability to reliably integrate increasing
quantities of intermittent renewable energy resources

10



Technology Name

Agqua Recycle

Other Benefits:
Economic

Reduces costs of municipal water systems resulting from less

groundwater pumping
Reduces costs of municipal wastewater system resulting from less

wastewater being treated at the plant

11



Candidate Technology 4: Biofiltration Wastewater Treatment:

Technology Name BioFiltro BIDA© System
Technology O Water Use | O Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management
Water for Non- | Tools
Potable Uses

Sector(s) Agricultural | O Commercial Industrial O Residential

Industry Segment(s) | Industrial: Wastewater Facilities; Food Processors;
Agricultural; Slaughterhouses; Dairies; Wineries

Drought Resilience High O Medium O Low

Water Benefits | O Increases Produces/Uses O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes.

Implementation <= 3 years O 3-7 years O > 7 years

Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

BioFiltro BIDA© System is a Biofiltration wastewater treatment system that uses physical and
biological filtration, aerobic and anaerobic medias, and nitrification and denitrification
processes to produce clean water and fertilizer. The system relies on earthworms and bacteria
to break down contaminants on the surface. Water trickles down through sawdust and gravel
layers, resulting in high quality effluent.

How does it work?

As the worms move throughout our system in search of food, they create air channels and thus
passive aerate the system. Oxygen is a key component to wastewater treatment and while most
technologies require a lot of energy to push air through water, these worms are doing it
naturally. As the worms eat, they poop. Worm castings are extremely rich in microbes and
bacteria which work symbiotically and beneficially together to form a biofilm that grows
throughout the wood shavings and rocks. A biofilm is a sticky layer comprised of billions of
microbial colonies which captures, retains, and breaks down waste.

4 Citation: www.biofiltro.com Data provided by Matt Tolbirt, CEO, BioFiltro.
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What are the benefits?

The BioFiltro processing system takes 4 hours to complete and is therefore able to process
millions of gallons of wastewater a day. The process can remove more than 90% of the BOD
(biochemical oxygen demand) and TSS (total suspended solids) from the wastewater on-site and
uses up to 95% less energy than traditional wastewater treatment methods to deliver water that
is ready for reuse, crop irrigation or apt for tertiary disinfection. BioFiltro engineers custom
design each BIDA® System to cater to the needs of each client. The modular design can meet
individual household needs or that of multimillion gallon per day industrial clients.

Current Status

Technology has been successfully installed and benefits documented at 39 food processors, 57
sanitary waste facilities, 12 slaughterhouses, 11 wineries, 10 dairies facilities. Interstate 5
Highway Interchange, Firebaugh, California (2016). The Interstate 5 Highway Interchange
located in Fresno County (Exit 368) is home to a handful of fast food restaurants, gas stations
and one hotel located in remote farm fields. After decades of using an old activated sludge
system, the area needed an upgrade, so the property owners researched several options.

In 2015, I-5 Property Services Inc. opted to install a pilot BIDA® System to test the technology
during the holiday season where usage of the interchange peaks due to increased road traffic
over Thanksgiving and December holiday vacation. Shortly after the holidays, I-5 Property
Services moved to install an 80,000 GPD BIDA® System in 2016.

¢ 80,000 gpd maximum daily flow design
e 3 million gallons treated
¢ 9 businesses served

Mostos del Pacifico grape juice concentrate and winery, Curico, Chile - processes more than
110,000,000 tons of grapes per year. The facility previously employed a hold and haul process
by contracting waste haulers to transport their discharge to a local municipal plant. As
production was limited by wastewater storage capacity and transport costs rose into the
hundreds of thousands, Mostos looked for an economical and comprehensive wastewater
treatment provider. Within 90 days of being awarded the bid, BioFiltro commissioned a fully
operable 75,000 GPD facility that included the design, construction, and operation of screens, a
chemical-free DAF, and the BIDA® System. The facility was recently expanded to filter
approximately 100,000 GPD and handles 100% of the plant s effluent which fluctuates in BOD
throughout the production season.

All large organic solids captured in the screens and DAF are treated onsite in secondary
vermicomposting bins, effectively making the facility a zero-waste system.

90 days from signed contract to plant coming online
e 0 chemicals used in DAF system
e 0 waste hauler trucks currently in use

13



Technology Name

BioFiltro BIDA® System

Sector

Industrial, Agricultural

Industry Segment

Industrial: Wastewater Facilities; Food Processors;
Agricultural: Slaughterhouses; Dairies; Wineries

Water Benefits

Level of Drought Resilience: High

Type of Drought Benefit:
e Increases Recycle/Reuse

Water Resources

Type of Water Resource Benefit:

e Produces recycled water that can replace flood irrigation systems with
more efficient irrigation delivery systems, such as sprinkler or drip
systems.

e Removes nitrates from process water effluent, enabling beneficial reuse
without risk of increasing salt concentrations in fields and groundwater,
protecting potable resources.

e Produces secondary undisinfected quality effluent (irrigation-ready); can
be modified for tertiary disinfection for use in urban systems.

Electric Benefits

¢ Reduces electric consumption (kWh) by 95% compared to traditional
wastewater treatment methods. The passive aerobic process averages
0.0007 kWh/ gallon treated.

e Reduces pumping hours — Pumps activate only when a facility
discharges and can coordinate with intermittent irrigation schedule.
Typically, only demands energy for 8 hours a day. Standard facilities
operate 24 hours a day. Can be scheduled for off-peak hours.

Cost-Benefit
Analysis

No explicit electric savings benefits or cost estimates were provided from
information sources gathered.

Other Benefits:
Health and Safety

o Alleviating aged wastewater collection and treatment infrastructure
reduces frequency of regulatory permit violations and inadvertent
discharge of untreated and/or nondisinfected wastewater effluent to the
environment, reducing risks to people, animals and plants

¢ Nitrification and denitrification reduce nitrate contamination of
groundwater from reuse sites.

e BOD and TSS removal rates >90%

Other Benefits:
Environmental

Reduces GHG Emissions

e Earthworm tunneling increases aeration of filtration medium,
encouraging aerobic processes to produce less methane.

¢ No sludge eliminates solids management & hauling, eliminates truck
emissions

e Treats water right away in four hours, so there is a 90% reduction in
methane from dairy wastewater

Other Benefits:
Economic

e Telemetry monitoring and annual maintenance are centralized,
automating wastewater treatment and creating economies of scale for
participating communities. These services reduce the need for
dedicated operations and maintenance staff for small community
wastewater systems, saving costs.

e Modularity of system reduces costs, extends life, and reduces need for
expensive, long lead-time retrofits of large centralized wastewater
treatment systems, which reduces costs of wastewater collection and
treatment for all customer classes

¢ Reduction of biosolids transportation costs by up to 100%

14



Candidate Technology 5: Forward Osmosis - Concentrators

Technology Name Porifera — Concentrator
Technology O Water Use O Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management
Water for Non- Tools
Potable Uses
Sector(s) O Agricultural | O Commercial Industrial O Residential

Industry Segment(s)

Industrial: Food Processing; Wastewater Treatment Facilities

Drought Resilience High O Medium O Low

Water Benefits O O Increases Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy O Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes.

Implementation <= 3 years O 3-7 years O > 7 years

Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

Porifera Concentrator is a Low-Energy Beverage Concentration system which utilizes forward
osmosis to draw water out of product streams. Nonthermal process protects and retains
flavors, nutrients, and aromatics. This system competes uses Porifera’s membrane process to
compete with evaporators to create new products or save on waste disposal costs.

How does it work?

Porifera Concentrator draws water out of liquid product into a draw solution, which can easily
be filtered with reverse osmosis and reused onsite. This technology can be used by food
processors to create liquid concentrates, or by companies which truck away brines or high
contaminant waste. Water fills 75% of liquid storage trucks, planes, ships and warehouses. By
dewatering liquid products, companies can save money and energy while reducing emissions
from transportation and storage of the product.

5 Porifera website: www.porifera.com and data provided directly from Eric Desormeaux, Director of Process
Development, Porifera, Inc.
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What are the benefits?

Porifera Concentrator can increase water reuse by 90%, while reducing energy and total costs by
>70% compared to evaporators. It can also be used to create unique value-added products for
new revenue streams.

How is it Different from Similar Technologies?

Porifera Concentrator uses a unique membrane process, module & system. Porifera
Concentrator can produce new cold concentrates (e.g. dairy, wine, juice, berries, melons, tomato
paste, antioxidants, nutrients) as well as cold concentrates that were previously only possible
with thermal processes (evaporators or freeze dry) while saving more than 70% energy and cost
savings compared to evaporators.

Current Status

Porifera has been awarded $22M in federal & state contracts, including two CEC EPIC projects
with Los Gatos tomato processing facility and a wastewater project with a microbrewery in
Oakland. They are still working on preparing case studies, but have released the following
information about a Dairy plant installation:

Porifera implemented a system that would concentrate milk to 40 total solids (4x the original
concentration). The resulting milk was higher quality (no “cooked” flavor or browning) and
could be stored and transported using less energy and at lower cost. The concentrated milk can
be rehydrated prior to selling with little to no effect on aromatic qualities. Compared to MVR
thermal evaporation systems, forward osmosis demonstrated the following savings:

e 11,250 kg/h of 40 total solids milk concentrate

e CAPEX savings of 80%

e Energy savings of 44%

e OPEX savings of 50% (including membrane replacement cost)

e Customers with an available feed-stream (such as seawater) will see an additional 90%
savings in both CAPEX and energy use.
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Technology Name

Porifera Concentrator

Sector

Industrial

Industry Segment

Industrial: Food Processing, Wastewater Facilities

Water Benefits

Level of Drought Resilience: High

Type of Drought Benefit:

Increases Recycle/Reuse

Water Resources

Type of Water Resource Benefit:

Can increase concentration of liquid product 5x while producing high
purity water for onsite reuse.

Increasing water availability during droughts while increasing safety of
the water supply.

Reducing water treatment and reuse costs.

Electric Benefits

Forward osmosis filters the product stream by osmotic energy, which
requires no external energy. The draw solution is concentrated through
low-energy forward osmosis, producing pure water for reuse.

Reduces energy and total costs by more than 70% compared to thermal
evaporative concentration.

Reduces electric consumption (kWh) by 44% compared to thermal
evaporative concentration.

Cost-Benefit
Analysis

No explicit electric savings benefits or cost estimates were provided from
information sources gathered. There is one commercial system in North
America and several pilot systems being tested worldwide.

Other Benefits:
Environmental

Reduces GHG Emissions

Traditional product concentration uses thermal evaporation, which is
typically powered by burning natural gas or propane. Forward osmosis
eliminates this process and the emissions thereof.

Concentrating beverage products reduces the volume and weight of
product for storage and transportation. This allows for distributors to use
smaller vehicles and make fewer trips which saves fuel and reduces
emissions.

Other Benefits:
Economic

Reduces costs of municipal water systems resulting from less
groundwater pumping

Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant
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Candidate Technology 6: Contaminant Detection and Removals

Technology Name Porifera - dprShield
Technology O Water Use Increase Reduce Water
Solution(s) Efficiency Water Supply Use of Potable | Management
Water for Non- | Tools
Potable Uses

Sector(s) O Agricultural Commercial Industrial O Residential

Industry Segment(s) | Industrial: Wastewater Facilities; Municipal Potable Reuse
Agricultural: Ultra-high Purity Ag Reuse

Drought Resilience High O Medium O Low

Water Benefits O Increases Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy O Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes, production of water will reduce the amount of GHG needed to
bring more water to a given location.

Implementation <= 3 years O 3-7 years O > 7 years

Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

Porifera’s dprShield uses a membrane process with high-resolution dye monitoring and a
reverse pressure barrier to provide unprecedented contaminant detection and removal for
potable reuse.

How does it work?

Porifera’s dprShield adds an additional contaminant barrier to protect public health by
providing real-time monitoring to ensure that the barrier performs as designed by providing
additional protection activated by the barrier breach itself.

What are the benefits?

dprShield can increase water reuse for potable reuse by >10% and can reduce energy and total
costs by >20% compared to current state of the art potable reuse technology, which is
significant at municipal scale. Electrical consumption savings are even greater compared to
desalination technologies.

6 Porifera website: www.porifera.com and data provided directly from Porifera staff.
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Technology Name

Porifera dprShield

Sector

Industrial, Agricultural

Industry Segment

Industrial: Wastewater Facilities, Municipal Potable Reuse
Agricultural: Ultra-High Purity Ag Reuse

Water Benefits

Level of Drought Resilience: High

Type of Drought Benefit:
e Increases Recycle/Reuse

Water Resources

Type of Water Resource Benefit:
o Direct Potable reuse provides high quality drinking water, which is
especially necessary in droughts

Electric Benefits

e Energy costs are estimated to be reduced by >20% compared to
current state of the art potable reuse technology, which is significant at
municipal scale

Cost-Benefit
Analysis

No explicit electric savings benefits or cost estimates were provided from
information sources gathered. The technology is currently under pilot testing
at the Orange County Water District

Other Benefits:
Health and Safety

e New technology with fail-safe barrier that public and regulators can
understand
e Higher pathogen and emerging contaminant log removal credits

Other Benefits:
Environmental

Reduces GHG Emissions
¢ Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources.

Other Benefits:
Economic

¢ Reduces costs of municipal water systems resulting from less
groundwater pumping

o Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant
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Candidate Technology 7: Dry Ice Blasting’

Technology Name

Cold Jet Dry Ice Blasting: Waterless Cleaning Mechanism

Technology Water Use O Increase O Reduce O Water

Solution(s) Efficiency Water Supply Use of Potable | Management
Water for Non- Tools
Potable Uses

Sector(s) O Agricultural Commercial Industrial Residential

Industry Segment(s)

Commercial: Foodservice
Industrial: Food and Beverage; Power Generation; Contract Cleaning;
Oil and Gas; Foundry; Packaging; Textile
Residential: All Residential

Drought Resilience O High Medium O Low

Water Benefits O Increases O Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy | O Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes, reduces the amount of chemical and physical contaminants in

waste stream and makes water treatment more efficient.

Implementation <= 3 years O 3-7 years O > 7 years
Timeline

Estimated Simple 6 years.

Payback

What is the technology?

Dry ice blasting is known by several names: dry ice blasting, dry ice cleaning, CO2 blasting, dry
ice dusting, and even environmentally sustainable cleaning. Cold Jet dry ice blasting is an
efficient and cost-effective way for industries to maximize production capability and quality.
Dry ice blasting accelerates small pellets of solid carbon dioxide at dirty surfaces where the
impact of the pellets and rapid change in temperature can blast nearly any type of contaminant
off the surface. Dry ice blasting can be implemented to remove grime from nearly any surface.
Applications include paint removal, mold cleaning, production machine cleaning and
maintenance and oil removal.

How does it work?

Dry ice blasting is similar to sand blasting, plastic bead blasting or soda blasting where media is
accelerated in a pressurized air stream to impact a surface to be cleaned or prepared. Instead of
using hard abrasive media to grind on a surface (and damage it), dry ice blasting uses frozen

7 Information Provided Regional Sales Manager, Cold Jet LLC.
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carbon dioxide (CO2) "dry ice" pellets, accelerated at supersonic speeds, and creates mini-
explosions on the surface to lift the undesirable item off the underlying substrate. A
compressed air supply of 80 PSI/50 scfm can be used in this process. Dry ice pellets can be
made on-site or supplied. Pellets are made from food grade carbon dioxide that has been
specifically approved by the FDA, EPA and USDA.

What are the benefits?

Builds drought resilience

¢ Eliminates water consumption from a large variety of cleaning applications, which
account for 10-28% of an industrial facility’s overall water use.

¢ Allows dry industrial facilities to avoid using water to clean industrial machines.

¢ Can replace pressure washing for industrial, commercial, and home applications.

Improves Cleaning Efficiency

e Dry Ice Blasting is highly effective at scrubbing built-up grease, grime, rust, and other
contaminants that would otherwise require intensive brushing. Users can reduce overall
cleaning time by 75-90% compared to manual cleaning systems.

¢ Industrial facilities can use dry ice blasting to clean equipment in-place, reducing
machinery downtime. Conveyor belts can be run while they are cleaned, increasing
efficiency further.

e Waterless process allows for cleaning in and around delicate electronics. With
conventional wet cleaning, electronics must be wrapped with waterproof materials,
adding to the time and materials needed for cleaning.

¢ Eliminates downtime due to waiting for equipment to dry after cleaning, no concern that
chemicals will pool in cavities and bolt holes.

Technology Name Cold Jet Dry Ice Blasting: Waterless Cleaning Mechanism
Sector Commercial, Industrial, Residential
Industry Segment Commercial: Foodservice

Industrial: Food and Beverage; Power Generation; Contract Cleaning; Oil
and Gas; Foundry; Packaging; Textile

Residential: All Residential

Water Benefits Level of Drought Resilience: Medium

Type of Drought Benefit:
e Reduces Water Use
Water Resources Type of Water Resource Benefit:

¢ Eliminates water consumption from a large variety of cleaning
applications, which account for 10-28% of an industrial facility’s overall

water use

e Can replace pressure washing for industrial, commercial, and home
applications

¢ Allows dry industrial facilities to avoid using water to clean industrial
machines
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Electric Benefits

Users can reduce overall cleaning time by 75-90% compared to manual
cleaning systems

Industrial facilities can use dry ice blasting to clean equipment in-place,
reducing machinery downtime

Conveyor belts can be run while they are cleaned, increasing efficiency
further

Cost-Benefit
Analysis

No explicit electric savings benefits or cost estimates were provided
from information sources gathered

Other Benefits:
Health and Safety

Safer than wet methods for cleaning electronics

Effective at blasting biofilms off of surfaces, though an additional
sanitizing agent is necessary to inactivate pathogens

Dry ice pellets are non-toxic and non-hazardous, which is beneficial for
the environment and reduces contamination for employees, products,
and equipment

Allows dry industrial facilities to avoid using water to clean industrial
machines

Can replace pressure washing for industrial, commercial, and home
applications

Non-abrasive, nonflammable and nonconductive cleaning method
Clean and approved for use in the food industry

Allows most items to be cleaned in place without time-consuming
disassembly

Can be used without damaging active electrical or mechanical parts or
creating fire hazards

Can be used to remove production residue, release agents,
contaminants, paints, oils and biofilms

Can be as gentle as dusting smoke damage from books or as
aggressive as removing weld slag from tooling

Can be used for many general cleaning applications

Other Benefits:
Environmental

Reduces GHG Emissions

Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources

Cleaning medium evaporates on impact, leaving no chemical cleaning
waste

Reduces the amount of chemical and physical contaminants in waste
stream and makes water treatment more efficient

Contaminants are removed from the surface in a dry state, making them
easier and safer to collect and dispose of when compared to liquid
waste streams

Environmentally responsible and contains no secondary contaminants
such as solvents or grit media

Other Benefits:
Economic

Reduces costs of municipal water systems resulting from less
groundwater pumping

Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant
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Current Status

Technology has been successfully implemented in a range of cleaning applications, including
the following:

Ghirardelli Case Study: To avoid any chance of nut contamination, Ghirardelli would
spend up to 500-man hours to clean their production machines between product runs.
Traditional cleaning methods included manually scraping with brushes and scrapers,
which was time consuming, tedious, and required the company shut down production

and allocate extensive resources.

Ghirardelli deployed three Cold Jet Aero 40 systems and reduced their clean-up time by
more than 60%. By reducing downtime, Ghirardelli could increase the number of
production cycles on the equipment. They also reduced the number of resources
required such as water, chemicals, and cleaning tools. The company was interested in
deploying dry ice cleaning in other departments and possibly other facilities as well.

Bakery Case Study: Originally, the plant used a combination of pressure washing and
detailed handwashing. The process was labor intensive, taking a 50-200 manhours just
to clean the bread cooler. Similar scenarios occurred when cleaning the bread proofer
and baggers, which also required at least two hours of set-up time to wrap the electrical
components. The use of pressure washers required crew members to collect and
dispose of the waste water, and the equipment had to dry completely before being
reassembled.

After implementing the Cold Jet Aero system, cleaning the bread cooler took just 12
man-hours Cleaning one of the plant’s bagger machines with dry ice took less than an
hour for two people, while cleaning an identical machine with water took over four
hours for a crew of four. The facility estimated that by reducing the amount of people
and time necessary to clean the equipment, they were able to recoup 24-30 hours per
person per week, which could be allocated to other cleaning and maintenance projects.
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Candidate Technology 8: Above Ground Irrigation Systems

Technology Name Certa-Set Yelomine Piping: PVC Irrigation Piping
Technology Water Use | O Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- | Tools
Potable Uses
Sector(s) Agricultural | O Commercial Industrial O Residential
Industry Segment(s) | Agricultural: Crop Irrigation
Industrial: Mining
Drought Resilience | O High Medium O Low
Water Benefits O Increases O Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use
Electric Benefits Energy O Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (
Clean Energy) )
GHG Benefits Yes, production of water will reduce the amount of GHG needed to
bring more water to a given location.
Implementation <= 3 years O 3-7 years O > 7 years
Timeline
Estimated Simple 30 years.
Payback

What is the technology?

Certa-Set® is an above-ground, aluminum replacement solid-set irrigation system, made from
proprietary impact resistant Yelomine compound modifiers and UV (ultraviolet) inhibitors.
These modifiers and inhibitors provide higher impact strength over an extended period and
allow product to be used in aboveground, exposed applications as well as in underground or
buried applications. The piping is a UV coated PVC that is a 100% leak free during charge up
and charge down periods. The Certa-Set system is capable of being 100% mechanized and has
been shown to reduce labor costs, increase irrigation efficiency, and increase yields and profits
over conventional irrigation methods.

Certa-Set® PVC piping systems can replace existing aluminum irrigation sets and are ideally
designed for use in row crops such as carrots and turf grass applications. The system works

8 California Department of Food and Agriculture project description retrieved from:
https://www.cdfa.ca.gov/oefi/sweep/docs/2015_Selected_Projects.pdf; “California Drought Charge True Cost of Water”,
San Francisco Chronicle, https://www.sfchronicle.com/opinion/article/California-drought-Charge-true-cost-of-water-
6319943.php; Norum, E., A Study of Operating Efficiencies Comparing Aluminum Pipe Systems to Certa-Set PVC
Irrigation Piping, The Center for Irrigation Technology California State University, Fresno, February 2004.
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particularly well in drag, mechanical move and side-shift operations. Agricultural growers can
benefit from the system’s leak-proof and corrosion-resistant design.

How does it work?

The product’s pipe and couplings have precision engineered grooves that, when aligned, allow a
spline to be inserted. This results in a continuous restraint with evenly distributed loading that
locks the pipe and coupling together. Flexible elastomeric O-rings in the coupling provide a
hydraulic pressure seal. Joints can be easily disassembled when system reconfiguration is
needed.

Additionally, the product contains impact modifiers for higher impact strength over extended
periods, and ultraviolet inhibitors that allow the pipe to be used in exposed above-ground
locations allow for superior flow rates and greater pumping efficiencies compared to other non-
metal pipe options.

What are the benefits?

Builds drought resilience
e Reduces potable water demand up to 9% through leak reduction during each irrigation
cycle.
¢ Reduces amount of irrigation water, which reduces demand for potable water supplies
(drinking water resources, including surface and groundwater).

Supports Electric Reliability

e Reduces electric consumption (kWh): Product reduces energy consumption by reducing
the charge up and charge down times of each irrigation cycle. As the time needed to
pump a required amount of water is reduced, kWh savings are achieved.
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Technology Name

Certa-Set Yelomine Piping: PVC Irrigation Piping

Sector

Agricultural, Industrial

Industry Segment

Agricultural: Crop Irrigation
Industrial: Mining

Water Benefits

Level of Drought Resilience: Medium

Certa-Lok Yelomine pipe is a widely adopted technology in California’s
Central Valley. According to the Kern River Watershed Coalition
Authority’'s November 2016 Update, Yelomine piping is used by 66% of
irrigators in the Chanac Creek region. As 34% of irrigators have still not
adopted this technology, there is potential to capture more water
savings in the Ag sector. However, the annual water saved per acre is
low.

Type of Drought Benefit:

Reduces Water Use

Reduces potable water demand up to 9% through leak reduction during
each irrigation cycle

Reduces amount of irrigation water, which reduces demand for potable
water supplies (drinking water resources, including surface and
groundwater)

Water Resources

Type of Water Resource Benefit:

Because water is used more efficiently, there is less demand for potable
water used in non-potable settings.

Electric Benefits

Reduces electric consumption (kwWh) Product reduces energy
consumption by reducing the charge up and charge down times of each
irrigation cycle. As the time needed to pump a required amount of water
is reduced, kwWh savings are achieved

Cost-Benefit
Analysis

Total Costs: 150,000/142 acres = $1056/acre

Annual Energy Cost Savings = $30/acre

Annual Water Savings = .285 acre-ft, $17 cost per acre ft = $4.84/acre
Payback — 30.3 years

EUL: 20 based on plastic sewer piping

Other Benefits:
Health and Safety

Alleviating aged wastewater collection and treatment infrastructure
reduces frequency of regulatory permit violations and inadvertent
discharge of untreated and/or nondisinfected wastewater effluent to the
environment, reducing risks to people, animals and plants

Other Benefits:
Environmental

Reduces GHG Emissions

Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources

Other Benefits:
Economic

Reduces costs of municipal water systems resulting from less
groundwater pumping

Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant
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Candidate Technology 9: Novel Membrane?

Technology Name Novel Membrane
Technology Water Use Increase O Reduce Use | 0 Water
Solution(s) Efficiency Water Supply of Potable Management
Water for Non- | Tools
Potable Uses

Sector(s) O Agricultural | O Commercial Industrial O Residential

Industry Segment(s) | Wastewater Treatment

Drought Resilience High O Medium O Low

Water Benefits Reduces Increases O Produces/Uses | O Reduces
Water Use Water Supply Recycled Water Water Loss

Electric Benefits Energy O Demand O Distributed O Increase
Efficiency Response Generation Energy Storage
(Reduces (Ability to (Increase Ability (
kWh) Shift Load?) to Produce Clean )

Energy)

GHG Benefits Yes. reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources.

Implementation O <=3 years 3-7 years 0> 7 years

Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

Novel membrane technology can minimize fouling of membrane surfaces in wastewater
treatment operations; thus, increasing water recovery and lowering energy demand. Membrane
fouling can be substantially reduced, and the flux rate increased using proposed surface-
modified amphiphilic, anti-adhesive membrane for water treatment. The technology can be
successfully used for treatment of various types of feed water (e.g. surface water, backwash
water, organic spiked water).

How does it work?

The technology is skid mounted and includes minor modifications to tie into hydraulic, piping,
and electrical systems at an existing microfiltration water treatment facility. The novel
membrane proposes to replace existing hydrophilic membranes with amphiphilic membranes, a
procedure similar to routine scheduled membrane replacements, and installation of a 480v
motor connected to the pilot membrane unit feed water pump, as well as installation of
equipment necessary to test and evaluate benefits, including increased energy efficiency,
reduced greenhouse gas emissions, and reduced operating costs. The total footprint of the
technology installations will be approximately 600 square feet.

9 Source: Grant Request Form on www.energy.gov.
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What are the benefits?

Builds drought resilience

The use of locally available water resources through cost effective reclamation results in

drought resiliency

Preliminary estimates indicate, at a per capita water use of 125 gpd, the conserved water

can provide an annual water supply to a population of approximately 58,000 people.

Supports Electric Reliability

e Reduces electric consumption (kWh): Preliminary estimate assuming 40% improvement
in efficiency during MF membrane treatment and 20% improvement in energy efficiency
RO treatment at 10 & 50% market penetration indicates annual electricity savings of 8.7
million and 47 million kWh.

Technology Name

Novel Membrane

Sector

Industrial

Industry Segment

Wastewater Facilities

Water Benefits

Level of Drought Resilience: High

Type of Drought Benefit:

¢ Increases water supply

e Preliminary estimates indicate, at a per capita water use of 125 gpd, the
conserved water can provide an annual water supply to a population of
approximately 58,000 people.

Water Resources

Type of Water Resource Benefit:
e Because water is used more efficiently, there is less demand for potable
water used in non-potable settings.

Electric Benefits

e Preliminary estimate assuming 40% improvement in efficiency during
MF membrane treatment and 20% improvement in energy efficiency
RO treatment at 10 & 50% market penetration indicates annual
electricity savings of 8.7 million and 47 million kWh.

Cost-Benefit
Analysis

e Although energy and water savings data were estimated, no explicit
cost estimates were provided from information sources gathered to
perform a cost-benefit analysis.

Other Benefits:
Health and Safety

¢ No documentation was found to show other health or safety benefits.

Other Benefits:
Environmental

Reduces GHG Emissions
¢ Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources

Other Benefits:
Economic

¢ Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant

28




Candidate Technology 10: Biological Reactor

Technology Name BioForce Aerobic Biological Reactor for Biosolids
Technology O Water Use Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- | Tools
Potable Uses
Sector(s) Agricultural | O Commercial Industrial O Residential
Industry Segment(s) | Agricultural: Dairy Farms and Crop Farming
Industrial: Wastewater Treatment Facility
Drought Resilience High O Medium O Low
Water Benefits Increases O Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use
Electric Benefits Energy O Demand Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (
Clean Energy) )
GHG Benefits Yes. Up to 90% water demand reduction, which reduces the number of
trucks required to transport biosolids by 90%.
Implementation <= 3 years O 3-7 years O > 7 years
Timeline
Estimated Simple 3.3 years
Payback

What is the technology?

The BioForce Aerobic Biological reactor for biosolids technology converts any organic waste
into renewable energy and biochar. Biochar is charcoal used as a soil amendment and is a
valuable byproduct of pyrolysis and can be used in many ways. This includes being an absorber
in functional clothing, insulation in the building industry, as carbon electrodes in super-
capacitors for energy storage, food packaging, waste water treatment, air cleaning, silage agent
or feed supplement, for drinking water filtration, sanitation of human and kitchen wastes, and
as a composting agent. Biochar is a stable solid, rich in carbon, and can endure in soil for years.
Biochar thus has the potential to help mitigate climate change via carbon sequestration.

How does it work?
The BioForce Aerobic Biological reactor for biosolids technology proposes to:

¢ Replace traditional biosolids drying technologies such as gravity belt thickeners and
screw presses,
¢ Reduce energy input and environmental risk for management of biosolids, and

10 Data provided BioForce technical staff.
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e Prepare biosolids for energy generation, either in anaerobic digesters or BFT pyrolysis
reactors.

The technology proposes to achieve these objectives using a two-step process. First, by creating
optimal conditions for bacterial growth. The exponential growth of bacteria within the reactor
releases heat, which dries the biosolids. If the organic waste is too wet, it will need to go
through bio drying first to remove most of the water using the bacteria only and no chemicals.
Accelerated composting can occur by loading the system with 20% solid and 80% dry solid
using biomass where no energy is needed or used to remove the moisture.

Once dry, step 2 involves the pyrolysis. Pyrolysis can be defined as the thermal decomposition
of organic material through the application of heat without the addition of extra air or oxygen.
Through this process, that takes place at temperatures between 660 and 1,650 degrees
Fahrenheit, 3 co-products are obtained: syngas (for clean energy generation) bio-oil and char,
which together is a sustainable soil amendment.

The pyrolysis process uses this principle to produce renewable energy from any organic waste
via an energy recovery system (pyrolysis reactor) that makes the process sustainable and
efficient where significant water savings are achieved for end users, and in certain applications,
avoid the need for digesters.

BURNER WITHOUT FLAME

HEAT
REACTOR EXCHANGER

BioForce’s BFT P-Five Pyrolysis Reactor

What are the benefits?

Builds drought resilience

¢ Addition of biochar to soils decreases bulk density, increases total pore volume and
increases available water content in a wide variety of sandy soils, which are common in
Tulare County.

e Biochar increases the drought resistance of fungal and bacterial communities within soil
due to faster recovery from disturbances.
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Supports Electric Reliability

e Reduces electric consumption (kWh): Preliminary estimates indicate the proposed
technology can reduce electric energy consumption by 50% over conventional electric

dryer systems.

220(

70% less 50% less
HEAT ENERGY ELECTRICAL ENERGY
B Gas Dryer B Gas Dryer

Bic Dr ver™ % oDr yer ™

/0

1650 525

Electric Energy Savings over Conventional Electric Drying Systems

¢ Increases renewable energy production - Pyrolysis produces syngas, a clean, renewable
fuel that can be burned for energy. The energy savings of BFT’s biodryer and energy
production of syngas can reduce energy required for biosolids management by up to

100%.

Technology Name

Aerobic Biological Reactor for Biosolids

Sector

Agricultural, Industrial

Industry Segment

Agricultural: Dairy Farms, Crop Farming
Industrial: Wastewater Facilities

Water Benefits

Level of Drought Resilience: High

Type of Drought Benefit:

¢ Reduce Use of Potable Water for Non-Potable Uses Preliminary
¢ Reduces Water Use and Demand

e Increases Water Supply by mitigating groundwater contamination

Water Resources

Type of Water Resource Benefit:
e Because water is used more efficiently, there is less demand for potable
water used in non-potable settings.

Electric Benefits

e Technology proposes to reduce electric consumption (kWh/ton) by 50%
over conventional gas dryers.

e Increases renewable energy production — Pyrolysis produces syngas, a
clean, renewable fuel that can be burned for energy. The energy
savings of BFT’s biodryer and energy production of syngas can reduce
energy required for biosolids management by up to 100%.
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Technology Name

Aerobic Biological Reactor for Biosolids

Cost-Benefit
Analysis

Costs: A smaller scale system for farming applications estimates at
$300,000.

Savings: A 100 kW conventional dryer system would be replaced with
a new pyrolysis reactor/dryer that consumes 25 kW. Operating at 8,000
hours per year would equate to an annual savings estimate of 600,000
kWh per year.

Simple Payback: 3.3 years = [$300,000 / (600,000 kWh savings)
*($0.15/kWh)

Other Benefits:
Health and Safety

Pyrolysis eliminates pathogens, pharmaceuticals, and chemicals of
emerging concern in biosolids.

Volume reduction reduces overflow risk of sludge beds and prevents
surface and groundwater contamination.

Other Benefits:
Environmental

Reduces GHG Emissions

Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources

Up to 90% volume reduction, which reduces the number of trucks
required to transport biosolids by 90%.

Efficient capture and treatment of biosolids at the source reduces
escaped methane emissions

Biochar has a high carbon content and doesn’t biodegrade, so it
permanently sequesters carbon within soil, increasing soil carbon
content by 34%

Biochar Reduces CO2, CH4, and N20 flux of the soil, reducing
agricultural greenhouse gas emissions

The pyrolysis machine has been designed to achieve the maximum
production of gaseous material via a special flameless reactor, which
allows a lower combustion temperature, resulting into low NOx
emissions.

Other Benefits:
Economic

Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant.

Modularity of systems reduces costs, extends life, and reduces need for
expensive, long lead-time retrofits of large centralized wastewater
treatment systems, which reduces costs of wastewater collection and
treatment for all customer classes

Potential creation of new revenue sources from biochar and syngas
allow facilities to invest in more upgrades without relying on rate
increases.

Current Status

The technology has been successfully installed and benefits documented at (1) facility:

e Silicon Valley Clean Water (2015). In September 2015, BioForce Tech signed a contract

with Silicon Valley Clean Water (WWTP) for the energy recovery and biochar production
of 7,000 tons of biosolids per year. The biochar production is estimated to be around

700 tons per year.

2017 - Manufacturer received permits for a full-scale pyrolysis plant to transform
biosolids into energy and biochar.
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Candidate Technology 11: Primary Wastewater Treatment"

Technology Name Clear Cove On-Site Primary Wastewater Treatment
Technology Water Use | O Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- Tools
Potable Uses

Sector(s) Agricultural | O Commercial Industrial O Residential

Industry Segment(s) | Agricultural: Dairy Farms and Crop Farming
Industrial: Wastewater Treatment Facility, Food and Beverage

Processing
Drought Resilience High O Medium O Low
Water Benefits O Increases Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use
Electric Benefits Energy Demand Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (
Clean Energy) )
GHG Benefits Yes. The ClearCapture technology will result in significant Greenhouse

Gas (GHG) reduction by reducing the load on the municipal
wastewater treatment plant which typically utilize an aerobic process
that consumes significant energy and produces significant GHG

emissions.
Implementation <= 3 years O 3-7 years 0> 7 years
Timeline
Estimated Simple 1.6 years.
Payback

What is the technology?

The ClearCove technology is based on a simple, non-biological, physical-chemical process,
encompassing settling and screening to provide enhanced capture of organics and solids versus
conventional technologies. ClearCove delivers its technology to the Food & Beverage (F&B)
market via its ClearCapture™ system. The ClearCapture technology enables Ultrafiltration and
Reverse Osmosis membranes downstream which allows F&B processors to recover up to 80+%
of their process wastewater to reuse quality without the use of biology.

11 1] Data provided ClearCove staff. [2] “NYSERDA Demonstration Study Report” retrieved from
https://www.nyserda.ny.gov/-/media/Files/EERP/Commercial/Sector/Municipal-Water-Wastewater-Facilities/ClearCove-
Harvester.pdf. [3] Altstadt Brewery Video retrieved from https://www.youtube.com/watch?v=5F3eKS5qVXo. [4]
ClearCove Systems ClearCapture Product Video retrieved from http://www.clearcovesystems.com/clearcapture-

product-video/.
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How does it work?

The Clear Cove ClearCapture’s technology uses little-to-no biology by removing the biology
from wastewater operations, Food and Beverage producers can realize considerable financial
and energy savings. Moreover, they can spare themselves the hassle of dealing with
troublesome bugs, which enables them to do what they do best: produce Food and Beverage
offerings. The figure below provides a six-step process on how the technology works.

3. Once the tank is full, a settling 5., After the settling period and sludge
period occurs, during which time removal, a 50-micron screen decanter
solids and organics settle to the is lowered into the low solids super-
bottom of the tank, natant of the tank. Wastewater flows

through the screens and down the
central effluent hose.

)

6. Screened effluent flows from the
unit to membrane filtration,
conventional secondary treatment,

dd4 444

ks or directly to the sewer depending
on final effluent goals.
1. Influent wastewater is pumped |

from an equalization tank into
the ClearCapture system. \

sLUDGE ¢ { { DEEE——

4, After the settling period, the organics and 2. The wastewater flows into the base
solids are removed from the base of the of the tank where a patented mixing
tank, so they can be directed to an anaerobic dome creates turbulence and mixing
digester for renewable energy generation to enable enhanced chemical contact
or for other disposal methods. with organics.

On-site primary wastewater treatment six step process

Who are the targeted adopters?

Targeted adopters for the technology are F&B processors that generate a wastewater stream,
ClearCove currently targets the following including but not limited to dairy processors,
breweries, wineries, fruit/vegetable processing, soft drinks, seafood, meat processing, juice, and
snack food processors.

What are the benefits?

The ClearCapture technology offers several benefits to F&B processors, including:

¢ Energy Savings: The ClearCapture technology consumes approximately 50% less
energy than conventional solutions for complete wastewater treatment down to
reuse levels.
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e Water Reuse: The ClearCapture technology enables F&B facilities to recover up to
90% of their process wastewater to potable reuse levels. This in turn reduces the
facilities’ water demand by up to 90%.

¢ Energy Production: Due to the ClearCapture technology being a physical chemical
process, the organics captured are of significantly higher methane potential than
those that are degraded and captured in a biological process.

e (Capital Savings: The ClearCapture technology is skid mounted and highly modular
resulting in a lower capital investment than conventional technologies that typically
require significant concrete tank construction.

¢ GHG Impact: The ClearCapture technology will result in significant Greenhouse Gas
(GHG) reduction by reducing the load on the municipal wastewater treatment plant
which typically utilize an aerobic process that consumes significant energy and
produces significant GHG emissions.

e Highly Automated: The ClearCapture system is a highly automated system that can
run unattended, requiring significantly less attention than conventional systems
which typical require a full-time operator.

¢ Reduced O&M: The ClearCapture system requires significantly less O&M than
conventional systems. The system utilizes common coagulants versus costly
polymers, resulting in approximately 50% less chemical cost. The use of coagulants
instead of cationic polymers also enables the ClearCapture system to utilize physical
membranes downstream.

What are the costs/risks?

The costs of the ClearCove technology, while less than conventional solutions, include the
capital investment for equipment and installation as well as the energy and chemical costs
associated with operating the system. Risks associated with the system are minimal as the
process is a physical/chemical system and is not susceptible to upset or failure like
conventional biological solutions.

How it could be applicable to the region?

The ClearCove technology is applicable to the region as the area with its high density of F&B
processors and combined with the needs for both water and energy efficiency. The ClearCove
technology enables the opportunity for resource recovery in the form of water reuse, renewable
energy generation, energy consumption reduction and GHG reduction.

35



Technology Name

Aerobic Biological Reactor for Biosolids

Sector

Agricultural, Industrial

Industry Segment

Agricultural: Dairy Farms, Crop Farming
Industrial: Wastewater Facilities

Water Benefits

Level of Drought Resilience: High

Type of Drought Benefit:
e Reduce Use of Potable Water for Non-Potable Uses Preliminary
e Reduces Water Use and Demand

Water Resources

Type of Water Resource Benefit:

e The ClearCapture technology enables F&B facilities to recover up to
90% of their process wastewater to potable reuse levels. This in turn
reduces the facilities’ water demand by up to 90%.

e Because water is used more efficiently, there is less demand for potable
water used in non-potable settings.

Electric Benefits

e Energy Savings: The ClearCapture technology consumes
approximately 50% less energy than conventional solutions for
complete wastewater treatment down to reuse levels.

e Reduces electric demand (kW): uses 1 x ¥ hp pump 15 minutes per
hour to treat process water effluent; processing time can be scheduled
during off-peak hours.

e Energy Production: Due to the ClearCapture technology being a
physical chemical process, the organics captured are of significantly
higher methane potential than those that are degraded and captured in
a biological process. The technology proposes to increase renewable
energy production (methane production) by 240-520% through non-
biological (chemical and physical) removal of the biosolids. Thereby,
preserving the energy value that is typically degraded by biological
processes prior to digestion. The technology proposes to generate 2.2
GWhlyear of electricity via microturbines with produced biogas.

Cost-Benefit
Analysis

e Costs: A smaller scale system for food and beverage manufacturing
applications estimates at $500,000.

e Savings: Recovering up to 90% of process water alone estimates to
approximately $300,000 in operational cost savings alone. Electric
savings from using a smaller fractional VFD hp pump motor for
approximately 15 minutes for every hour of use compared to
conventional 3 hp motor operating continuously results in an estimated
energy savings of 50% from baseline conventional solutions.

e Simple Payback: 1.6 years = [$500,000 / ($300,000 water savings +
21,000 kWh savings) *($0.15/kwh)

Other Benefits:
Health and Safety

99% coliform removal

Up to 100% TSS removal

Over 99% COD removal

Up to 98% BOD removal

Removal of other organics, e.g., phosphorous

Other Benefits:
Environmental

Reduces GHG Emissions

e The ClearCapture technology will result in significant Greenhouse Gas
(GHG) reduction by reducing the load on the municipal wastewater
treatment plant which typically utilize an aerobic process that consumes
significant energy and produces significant GHG emissions.

e Compact footprint: the most space-efficient offering in the market today
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Technology Name

Aerobic Biological Reactor for Biosolids

Other Benefits:
Economic

Reduces costs of municipal wastewater system resulting from less
wastewater being treated at the plant.

Capital Savings: The ClearCapture technology is skid mounted and
highly modular resulting in a lower capital investment than conventional

technologies that typically require significant concrete tank construction.

Highly Automated: The ClearCapture system is a highly automated
system that can run unattended, requiring significantly less attention
than conventional systems which typical require a full-time operator.
Reduced O&M: The ClearCapture system requires significantly less
O&M than conventional systems. The system utilizes common
coagulants versus costly polymers, resulting in approximately 50% less
chemical cost. The use of coagulants instead of cationic polymers also
enables the ClearCapture system to utilize physical membranes
downstream.

Opex is up to 50% lower versus conventional technologies (due to a
highly automated system)

Capex is 25% lower than conventional wastewater treatment
technology
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Candidate Technology 12: Ozone Laundry

Technology Name

NuTek Ozone Laundry Support System

Technology Water Use O Increase O Reduce O Water

Solution(s) Efficiency Water Supply Use of Potable | Management
Water for Non- Tools
Potable Uses

Sector(s) O Agricultural Commercial Industrial O Residential

Industry Segment(s)

Commercial: Hotels, Resorts, Nursing Homes, Healthcare Facilities,
Athletic Clubs, Prisons, Central Laundries, and Schools
Industrial: Textile and Light Industrial Manufacturing

Drought Resilience O High Medium O Low

Water Benefits O Increases O Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits

Yes. By eliminating the need for hot water for a sizable percentage of
linen, reducing the number of wash cycles, and reducing drying times,
the OLSS can significantly impact a facility’s carbon footprint by
drastically reducing the amount of carbon dioxide and other
greenhouse gases into the atmosphere.

Implementation
Timeline

<= 3 years

O 3-7 years

O > 7 years

Estimated Simple
Payback

1.5 years.

What is the technology?

Standard industrial clothes washers on the market today consume 3.1 gallons per pound of

clothes. High-efficiency clothes washers, holding Energy Star certification, aim to reduce water

use by 45%, with proposed efficiencies of 1.8 gallons per pound of clothes. The NuTek Ozone
Laundry Support System uses the natural disinfecting properties of ozone gas to increase the
efficiency of cleaning agents. This allows for users to reduce water and energy use tied to on-

premise clothes washers and increase savings.

How does it work?

The NuTek Ozone Laundry Support System captures oxygen gas from the air and uses
electricity to trigger a reaction to create ozone or O3 gas. With the use of the patented Passive

12 Data provided Nutek Ozone staff.
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Injection Technology, the ozone is injected into the unit during a wash cycle. The O3 gas
particles produce cleaner, whiter, softer clothes with a multifaceted approach:

Envelop clothing, killing 99.99% of bacteria as tested by the CDC.

Open weaves of fabric to easily loosen soils from fabrics.

React with chemicals in cleaning agents to boost efficiency.

Extracts the maximum volume of water and chemicals, leaving clothes free of excess
water.

Applications for Tulare County

The technology would primarily target the industrial and commercial sectors in Tulare County.
Hotels, resorts, nursing homes, healthcare facilities, athletic clubs, prisons, central laundries,
and schools are all potential customers that would benefit from this technology. The
multifarious benefits of NuTek OLSS would aid in the movement towards drought resilience,
electric reliability, greenhouse gas emission reduction, and environmental risk mitigation in
Tulare. Large agriculture-focused commercial and industrial sectors in Tulare are looking to
join the movement, and NuTek’s OLSS systems appear to be a good fit.

What are the benefits?

Technology Name Aerobic Biological Reactor for Biosolids
Sector Agricultural, Industrial
Industry Segment Agricultural: Dairy Farms, Crop Farming

Industrial: Wastewater Facilities

Water Benefits Level of Drought Resilience: High

Type of Drought Benefit:

e Reduces Water Use and Demand

e The system enables target adopters to reduce water usage associated
with clothes washing by 35% by utilizing fewer wash and rinse cycles.
In addition, with the disinfecting properties of ozone, hot water
consumption will be reduced by 90-95% for light to medium soiled
linens. As a byproduct, waste water emission will be reduced. This
unique technology is one part of the movement towards drought
resilience in the commercial and industrial sectors in Tulare

Water Resources Type of Water Resource Benefit:

o Because water is used more efficiently, there is less demand for potable
water used in non-potable settings.

Electric Benefits e Energy Savings: The ozone penetrates the fabrics and partially opens

the weave, creating more space between fibers allowing for water, sail,
and cleaning agents to flow in and out of fabrics, thus increasing
extraction efficiency. As a result, drying times will be reduced by up to
50%. Along with reduced drying times is the elimination of energy
associated with water heating. Ozone replaces the need for heated
water in the washing process with its disinfecting properties.
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Technology Name

Aerobic Biological Reactor for Biosolids

Cost-Benefit
Analysis

Due to the additional technology associated with NuTek Ozone Laundry
Support Systems, the initial cost is higher than conventional on-premise
laundry systems. Current prices, including installation, shipping, and
training range from $15,400 to $37,400. However, with high water and
energy savings, the return on investment for the OLSS systems are
competitively short.

According to several case studies, an average return on investment is
4.1 months with local rebates and energy savings incentives, and less
than 18 months without a rebate (please see case studies below).

Other Benefits:
Health and Safety

Looking at the chemistry behind ozone-detergent interactions, the
ozone acts as a catalyst for laundry detergent, improving its
effectiveness due to the weave-opening and disinfecting properties.
This results in a 20%-30% reduction in chemical use per wash cycle.
As tested at Accuratus labs, ozone is the most powerful oxidant for
sanitizing surfaces with a bacterial disinfecting efficiency of 99.99%.
When looking at the life-cycle processing of ozone, no chemicals are
used in the direct production. Ozone is produced for OLSS under
similar conditions to the natural process. Oxygen gas is flowed through
a chamber while being exposed to UV light, causing a chemical
reaction, and creating ozone.

Similarly, after ozone is used, it rapidly decomposes into oxygen gas,
thus, the product has no negative environmental or regulatory risks.
Lastly, a recent all state memo issued by the Center for Medicare &
Medicaid Services (CMS) has recognized ozone cleaning as an
acceptable method of processing laundry.

Other Benefits:
Environmental

Reduces GHG Emissions

By eliminating the need for hot water for a sizable percentage of linen,
reducing the number of wash cycles, and reducing drying times, the
OLSS can significantly impact a facility’s carbon footprint by drastically
reducing the amount of carbon dioxide and other greenhouse gases
into the atmosphere. When multiplied by millions of pounds of laundry
across thousands of On-Premise Laundries in Tulare, ozone becomes a
major contributor to reducing greenhouse gas emissions.

Other Benefits:
Economic

There are four areas of cost savings with the product: water savings,
energy savings, extending linen life, and local incentive programs.
Across previous installations, the product has qualified for custom
rebates and incentives from local utility providers totaling between 34%-
70% of total project costs.

More importantly, the OLSS provides ongoing annual energy savings by
reducing water, electric, and gas bills year after year.

The manufacturer has worked with Accuratus Labs to study the effect of
ozone on a variety of linens over an extended period. The findings show
that the product extends linen life by 23%, saving thousands of dollars
spent annually on linen replacements. Tied with this is the elimination of
costs associated with expensive and harsh fabric softeners which are
replaced with the use of ozone.
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Case Studies

The NuTek OLSS has a proven track-record of water savings, electricity and gas savings, linen
lifetime extension, and chemical costs savings. Units have been installed across hotels, resorts,
and prisons across California, while awaiting the opportunity to enter nursing homes and
healthcare facilities with their new Sustainable Healthcare Solutions division. With current
systems, OLSS has seen annual savings between $2,183 to $45,770 per year. The following are
case-studies depicting cost-benefits:

DoubleTree by Hilton - Anaheim, California: Projected electricity savings: $9,104.51,
and projected annual savings with the OLSS: $36,559.41, with a total project price of
$29,900.00. The ROI for this system is 122%.

Santa Barbara County Jail - Santa Barbara, California: The jail processes 2,000 lbs. of
laundry every day to service an average of 1,200 inmates. The pre-ozone cost to wash
per load was $5.07. The post-ozone cost to wash per load is $1.60. Energy savings of
$3.47 per load x 624 loads per month = $2,165.28 per month, or $25,983.36 per year.
The installation of NuTek’s OLSS reduced natural gas consumption by 88.1%, water use
by 18.8%, chemical, electrical and sewer costs by 12-18%.

Lowes Coronado Bay, Coronado Bay, California: Gas, water and electricity savings per
load of towels post ozone is $8.60 per load. Gas savings for washers, gas savings for
dryers and electric savings per load of sheets is $3.28 per load. Gas, water & electricity
savings for rugs and hand towels is $1.40 per load. Total monthly energy savings
equals $2,183.22, per NUS Direct Consulting.

Doubletree Fess Parker Resort, Santa Barbara, California: Annual savings in natural
gas for washers = $12,350, natural gas for dryers = $5,136, water savings = $9,313 and
electricity for both washers & dryers = $1,979 per year. Ozone equipment payback in 12
months.

Sheraton Majestic Hotel, Anaheim, California: Annual water and natural gas savings =
$36,204, natural gas for dryer’s savings = $9,565,87, total annual energy savings =
$45,770.87 with a pay back in 7.6 months.
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Candidate Technology 13: Atmospheric Water Generator®

Technology Name Atmospheric Water Generator
Technology O Water Use Increase O Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- Tools
Potable Uses

Sector(s) O Agricultural Commercial Industrial Residential
Industry Commercial: Offices, Hotels, Resorts, Nursing Homes, Healthcare
Segment(s) Facilities, Athletic Clubs, Prisons and Schools

Industrial: Remote Mines, Oil Rigs, Greenhouses
Residential: All Residential

Drought Resilience | O High Medium O Low
Water Benefits O Reduces Increases O Produces/Uses | O Reduces
Water Use Water Supply Recycled Water Water Loss
Electric Benefits Energy Demand Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (
Clean Energy) )
GHG Benefits Yes., this technology provides on-site drinking water, avoiding the lead

time, high costs and high GHG impacts of delivering critical potable
water supplies to remote communities during emergencies, such as the
recent multi-year drought.

Implementation <= 3 years O 3-7 years O > 7 years
Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

Atmospheric Water Generators (AWG) are an emerging technology used for on-site production
of potable water. The technology is focused on giving potable water to those who lack
freshwater during emergency situations. This technology explores the possibility of using a
dehumidification system run by solar thermal energy to 1) pre-treat feed air stream for air
conditioning units and reduce latent heat, consequently reducing electrical power consumption
and 2) condense atmospheric moisture and use it as an additional renewable source of water
and further enhance the sustainability and independence of first-aid cabins.

How does it work?

AWG devices filter and condense moisture in the air by cooling air below its dew point,
producing water. There are three types of AWGS: cooling condensation, wet desiccation, and
Peltier cooling. Cooling condensation and wet desiccation are the most widely used today.

13 Data provided by multiple manufacturers.
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The technology, however, is strongly limited by the environmental conditions required for
operation. Most products in the market, require a minimum 30 percent humidity, moderate
temperatures, and a large amount of energy for optimal operation. Most companies offset the
large energy requirements by partnering their products with high-efficiency solar panels. Thus,
AWGs partnered with solar panels are entirely self-sufficient, making it the ideal alternative to
high-cost water deliveries. A notable mention for AWGSs is Sun-to-Water, one of the first
companies to utilize wet desiccation, boasting an operating cost of $0.04 - $0.08 per gallon.

Most technology developers use mature refrigeration technologies in packaged units to
condense and collect moisture. Large scale operations use wet desiccation, utilizing salts for
moisture extraction. If the water is intended for human consumption, some units include
ultraviolet or other disinfection technologies. Some also add minerals to improve the taste of
the water. In the pre-commercial stage, the market is saturated with start-ups, with multiple
companies claiming the same patents.

Air Filtration Condense

Water
Filtration

Collection
Tank

Generated
Water

Operating schematic for cooling condensation atmospheric water generators

Humid Air —> Dehumidifier

Desiccant |
l Cycle :

Regenerator

Operating schematic for wet desiccation atmospheric water generators
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Bundling AWG with Solar Photovoltaics (PVT)

The process will intake fresh air and split into two streams. The major stream goes into the
desiccant wheel (stream 2) and the minor steam goes to a heat exchanger (steam 4) where it
exchanges enthalpy with the regeneration stream (steam 6) and condenses water. The humidity
set-point on the wheel is lowered to force the dehumidifier to work at its full capacity at all
times. The major air (stream 2) enters the dehumidifier at a certain state (usually relatively cool
and moist compared to the outlet).

0. Mikani et al. / Energy and Buildinge 77 (2014) 236246
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Fig, 3, Schematic of the proposed delumidification system integrated with solar PVT,

Atmospheric Water Generator Process Streams

As water absorbs onto the desiccant, the heat of sorption is released and warms up the
surrounding air. When the process air leaves the dehumidifier, it is often drier and warmer than
its entry status. Water vapor molecules are deposited on the dehumidification wheel to begin to
accumulate until saturation. The wheel is rotating at very slow rate to increase residual time for
water vapor molecules. Once that part of the wheel is saturated it will ultimately reach the
regeneration phase (point 9). In the regeneration phase, the saturated portion of the wheel is
exposed to a hot dry air stream that comes from a heat source, supplied by the hybrid PVT
system.

This technology was tested in Sydney, Abu Dhabi and London for their dissimilar climates. Abu
Dhabi possessed the highest rate of potential water collection, that reached up to 18.5 kL a

year. Sydney generated 13.8 kL a year while London generated up to 10 kL of water a year. Most
of energy required can be met by the thermal gain of the solar hybrid PVT array during the day.
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However, the photovoltaic panels mounted on top of the first aid cabin is not enough to meet
its energy demand, requiring constant energy from an additional source.

Economic Drivers

The industry of atmospheric water generators is new in the United States. The new technology
provides economic and environmental benefits at the residential, commercial, and industrial
scale. Financial incentives must be put in place to encourage adoption from single-family homes
and multi-family housing units. With economies of scale, as production increases and
competitors enter the market, full life-cycle costs will be decrease, as maintenance and
retrofitting costs are minimal. Units equipped with solar panels will increase initial cost, which
will increase the economic barrier to entry, but will drastically lower operational costs. If
utilized solely for emergency applications, solar-powered AWGs are not recommended due to
the lower production capacity and higher costs. For continual use, solar-powered units are
highly recommended. Due to the early market position of AWG technology, no cost-benefit
analyses have been conducted. A pilot program in Tulare County would provide data for a full

cost-benefit analysis.

What are the benefits?

Technology Name

Atmospheric Water Generator (AWG)

Sector

Commercial, Industrial, Residential

Industry Segment

Commercial: Offices, Hotels, Resorts, Nursing Homes, Healthcare
Facilities, Athletic Clubs, Prisons and Schools

Industrial: Remote Mines, Oil Rigs, Greenhouses

Residential: All Residential

Water Benefits

Level of Drought Resilience: Medium

Type of Drought Benefit:

e Increases Water Supply

e On-site production of small quantities of potable water.

e The ability to produce critical drinking water supplies “from air” would be
very beneficial to residents that remain dependent on private wells (not
connected to municipal water supplies).

Water Resources

Type of Water Resource Benefit: Because potable water is produced, there
is less demand for potable water used for both potable and non-potable
settings.

Electric Benefits

Renewable Energy: 100% off-grid power and water production for
residential and commercial buildings: solar or wind power and 100% off-grid
water production, storage and dispensing for remote mines, oil rigs,
greenhouses, villages without plumbing infrastructure and other similar
facilities.

Cost-Benefit
Analysis

Although energy and water savings data were estimated, no explicit cost
estimates were provided from information sources gathered to perform a
cost-benefit analysis.

Other Benefits:
Health and Safety

e Filters the air with Anti-Bacterial filter
e Destroys and removes all bacteria and impurities.
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Technology Name

Atmospheric Water Generator (AWG)

Other Benefits:
Environmental

Reduces GHG Emissions

A green solution for water sustainability

Fully replaces the need for bottled water or water purifier on faucets.
Extracts moisture from the air to produce pure drinking water

Provides on-site drinking water, avoiding the lead time, high costs and
high GHG impacts of delivering critical potable water supplies to remote
communities during emergencies, such as the recent multi-year
drought.

Other Benefits:
Economic

e Pure water production and purification 24/7
¢ Reduce social costs of waiting, lack of hygiene, iliness, social unrest.
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Candidate Technology 14: Disinfection®

Technology Name Shield 1500 (Puralytics)
Technology O Water Use Increase Reduce O Water
Solution(s) Efficiency Water Supply Use of Potable | Management
Water for Non- | Tools
Potable Uses

Sector(s) O Agricultural | O Commercial Industrial O Residential

Industry Segment(s) | Industrial: Manufacturing, Wastewater Treatment Facilities

Drought Resilience | O High Medium O Low

Water Benefits O Increases Produces/Uses | O Reduces
Reduces Water Supply Recycled Water Water Loss
Water Use

Electric Benefits Energy Demand Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes.

Implementation <= 3 years O 3-7 years O > 7 years

Timeline

Estimated Simple Cost not available to perform payback analysis.

Payback

What is the technology?

The patented Puralytics ® process employs LEDs to excite our proprietary nanotechnology mesh
which drives light-activated treatment processes including an advanced oxidation process
(AOP). The Shield achieves advanced disinfection, detoxification and contaminant degradation;
it can be used in industrial treatment settings, manufacturing process or waste treatment.
Emerging contaminants (personal care products & pharmaceuticals), herbicides and pesticides,
pathogens (bacteria, virus, protozoa) and industrial chemicals (petrochemicals, toxins) are all
destroyed in the treatment process. Multiple Shields may be used to achieve volume or
treatment level requirements.

The unit is flexible in configuration, has a small footprint, and it is easy to integrate and
operate. In addition, it has low pressure drop and minimal maintenance requirements. There
are no chemicals additives and zero discharge. They are fully manufactured in the USA.
Puralytics has developed a next generation advanced oxidation process, AOP PLUS, using only
light energy to activate an advanced nanotechnology coated mesh. Water is purified through
simultaneous photochemical reactions, destroying volatile organic chemicals, pesticides,
pharmaceuticals; while also sterilizing bacteria, viruses, and other pathogens. There are no
chemical additives and 100% of the water is purified.

14 pyuralytics website: https://puralytics.com/.
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How does it work?

Puralytics’ ® core technologies are advanced oxidation process (AOP) reactors using a
proprietary catalyst material and light energy to generate hydroxyl radicals to purify water. The
nanomaterial is not consumed or broken down, minimizing chemicals and eliminating water
waste associated with traditional chemical and physical water treatment technologies.
Contaminants are destroyed instead of concentrated, minimizing the disposal problems
associated with traditional water treatment technologies. Conventional AOP technology was
only developed four decades ago but is already widely used for destroying contaminants. The
Puralytics version using photochemical oxidation, generates powerful hydroxyl radicals which
are established to:

. Destroy volatile organic chemicals
. Destroy pesticides, pharmaceuticals and other chemicals
. Destroy or inactivate pathogens

The AOP PLUS also delivers additional oxidative power created through the Nano particle
photocatalytic reaction used in the Puralytics AOP PLUS process. This higher level oxidative
energy degrades additional hard to remove pollutants and contaminants which other AOPs and
granular activated carbon cannot remove and can be used in to meet difficult to achieve
regulatory or compliance standards for a wide range of pollutants.

The light and nanomaterial combine 5 photochemical processes delivering: disinfection,
trapping of heavy metals through adsorption, breaking apart organic contaminants. Puralytics
treatment modules or stand-alone systems are scalable in treatment level and in flow, from
millions of gallons per day to less than 1 gallon per minute.

What are the benefits?

Database Field Field Description
Technology Name Shield 1500 (Puralytics)
Sector Commercial, Industrial, Residential
Industry Segment Commercial: Healthcare Facilities

Industrial: Wastewater Facilities, Food and Beverage Processing,
Bioscience, and Research Laboratories

Water Benefits Level of Drought Resilience: Medium

Type of Drought Benefit:
e Increases Water Supply
e Produces/Uses Recycled Water

Water Resources Type of Water Resource Benefit:

e Because potable water is produced, there is less demand for potable
water used for both potable and non-potable settings.

Water Recovery: 100%

Water Production: 0.5-3.9 L/min | 200—1500 gallons per day 0.3- 1 GPM
Pressure Drop: 2—7 psi @ 200-1500 gpd

The Shield is designed to last 1 yr. or 547,500 gallons (2,072,512
Liters) with continuous operation before cartridge replacement is
recommended.
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Database Field

Field Description

Electric Benefits

Electricity Power Consumption: 570 Watts

Electricity Savings: The technology produces up to 1500 gallons of
water per day. It has 33% lower unit energy use.

Other Enhancements Include: lower pretreatment requirements and
active electronics cooling system to allow operation in hotter
environments. Finally, it is compatible with much broader pumping
options (for off-grid applications) and it has 150% higher flow capacity
but similar performance on most contaminants.

Cost-Benefit
Analysis

Cost not available to perform cost-benefit analysis.

Other Benefits:
Health and Safety

Safe: UVA Wavelengths used are safe and avoid bromate and nitrite
formation

Sustainable: No Mercury UV lamps to replace (or break) each year
Secure: No chemicals needed, simple cartridge replacement

The Shield was designed to achieve 99.9999% bacteria, 99.99% virus,
99.9% protozoa, and > 70% reduction in any specific organic or heavy
metal at 3.94 Ipm (specifically, the microbiological targets are zero units
found in standard tests which start with the log values of the targeted
removal). By adjusting the flow rate, the reduction rate can be increased
or decreased for a specific contaminant type. Shield units can be
operated in parallel to increase throughput or contaminant reduction.

Other Benefits:
Environmental

Reduces GHG Emissions

Simple: Without the complexity of other AOPs- chemical feed,
pressurized ozone or hydrogen peroxide

Small footprint

100% water recovery - no concentrated effluent or backflush stream.
Absolutely chemical free processing. Destruction of contaminants in
water means no contaminants wind up in a landfill or other waste
stream.

Other Benefits:
Economic

Scalable: Other AOPs are not simple or inexpensive systems.

Up to 90% lower unit consumables cost and reduced maintenance time.
Flexible configuration (modular and scalable)

Easy integration and operation

Minimal maintenance requirements
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Candidate Technology 15: Smart Metering

Technology Name

Self Help Engagement Tools: Smart Metering Technologies (SMT)

Water Use O Increase OO0 Reduce Water
Technology Efficiency Water Supply Use of Potable | Management
Solution(s) Water for Non- | Tools
Potable Uses
Sector(s) Agricultural Commercial Industrial Residential

Industry Segment(s)

Agricultural: All Agricultural Facilities
Commercial: All Commercial Facilities

Industrial: All Industrial Facilities

Residential: All Residential

Drought Resilience O High Medium O Low

O Increases O Produces/Uses O Reduces
Water Benefits Reduces Water Supply Recycled Water Water Loss

Water Use

Energy O Demand O Distributed O Increase

Efficiency Response Generation Energy
Electric Benefits (Reduces (Ability to (Increase Ability Storage

kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits

Yes, reduced water usage means less GHG emissions will be needed
to transport water.

Implementation
Timeline

<= 3 years

O 3-7 years

> 7 years

Estimated Simple
Payback

<1 year

What is the technology?

Water utilities and public agencies around the world use information campaigns to encourage
residential water conservation. A variety of communication engagement channels are used to
inform homeowners of ways to save. The communication engagement channel of informational
delivery (e.g. paper versus online) is likely to have implications for its reach. Similarly, the
content of water-use information and its format may influence impacts on consumption
behaviors. However, in the water sector, comparatively less attention has been on the
communication of the detailed water-use information to customers.

Self-Help Engagement Tools (engagement tools) educate utility consumers about their water
and energy use with a level of analysis suited to the customers’ needs and abilities. These
engagement tools come in various forms comprising of online universal audit tools (UAT) and

15 2017 DNV GL Universal Audit Tool Impact Evaluation - Study, Searching for the Crucial Component of Home Energy

Report Programs - E-Source, Urban water conservation through customized water and end-use information, Science
Direct.
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portals, home energy reports (HER), feedback postcards, smart metering technologies (SMT),
home displays, leaflets, bill inserts and mail-in surveys.

SMTs introduce new opportunities to collect more detailed information on resource
consumption practices and patterns than was previously possible under conventional metering.
The opportunity exists to convey this information both to the utility and the consumer to
inform and guide water management (Boyle et al., 2013).

How does it work?

Smart metering technology (SMT) is paired with end-use analysis to provide more detailed
information on household consumption. SMT is an innovative measurement technology that
offers potential to contribute for more efficient usage of electricity, gas, and water.

Within the water sector, residential meters have traditionally been read up to once per quarter,
yielding no more than four data points per meter per year (Britton et al., 2008). By contrast,
smart water meters record the flow of water consumption every set number of seconds (e.g.
every 15 or 60 s). The technology therefore opens the door to significantly greater data
resources, and the possibility of understanding water consumption according to time of use
within the day, taking also variations in weather and seasonal. The smart meters will collect
data every set number of seconds instead of at four data points per meter per year like
traditional meters.

SMTs can be combined with other communication channels, strategies and tactics such as HER,
UAT or HWU to increase water and energy efficiency and conservation efforts. Home Water
Updates (HWU) cards or Home Energy Reports (HER) issued to targeted participants show a pie
chart of customer specific water usage compared to an average of other participating
neighbors. The back of the card shows the breakdown of customer water usage and customized
tips to save water based on each activity (i.e. showers, toilets, outdoor, leaks, washing
machines). UAT provides residential customers with advice on energy efficiency, insight into
areas of high energy use, and tips and suggestions for saving both energy and money based on
responses to an online survey regarding household appliances, occupancy, and other dwelling
characteristics. There is an analogous version of the tool for business customers.
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Welcome to your 1st
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Summer 2012/13 e —
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Your Home Water Uipdate provides 15“5“"; Washing machine E
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also love to hear what Info you find - T t t
i e How does your dally water uso lps 0 save wa er
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me Water .

more in your second Hor T Cha 3 R
updiate which we'll be trialing iater bbiggest part of your 1 Shorten cutdoor uses by 5 mins each time and you
Inthe year househokd's usage s might save over 200 litres a weel. That's 20 buckets!
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customised tips to Check for leaks. A leak of 97 Iitres per day adds up
homewatermmidcoastwater.com.au mmns;r 2 %0 35,000 Iitres 3 year! Ssek heip from 3 plumber It
home and garden. needed.
You verage

Don't leave t3ps running. Turn them off when you can.
3 Every minute can save you around 2 litres!

[ﬂ You use 54 buckets daily ] For more tips on how to save water,
visit www.savewator.com.au

Fig. 2. Example of the *Home Water Update' intervention medium — front and reverse sides. Reprinted from Resources, Conservation and Recycling, Vol. 103, Liu, A., Giurco, D.,
Mukheibir, P, Motivating metrics for household water-use feedback Pages No. 29—46, Copyright (2015), with permission from Elsevier.

Sample Home Water Update (HWU) Customer Intervention Report

Energy Advisor

Home My Energy Use Survey Ways to Save My Plan

Welcome

Po your

=] 1ts and can't find all of them here? Go to your SCE My Account to select another account.
Account Preferences
How you're doing: Jan 26—Feb 24

Tg[l Vs about your home
You used 55% more than your efficient neighbors

Change report settings

Efficient
neighbors See the best ways to
save for your area
> Good (o
« Smonpurchoses

Al = Great investments
neighbors

= \iew all tips

Who are my neighbore? [ Explore my usage

Steps you can take right now

Use computer power-saving modes Jurn off ights when not needed
/4 450 people do this £ 913 people do this
@ socea o your compietes vo: [T @ Acoea o your compisrea vos [EENTRN

Wash clothes with cold water Avold over-drying clothes
8 363 people do this R 330 people do this
@ Addea o your compienes vo: [T @ Added o your compienza vios [T

Sample Customer Engagement Online UAT
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What are the benefits?

Database Field Field Description
Technology Name Self Help Engagement Tools: Smart Metering Technologies (SMT)
Sector Agricultural, Commercial, Industrial, Residential
Industry Segment Agricultural: All Agricultural Facilities

Commercial: All Commercial Facilities
Industrial: All Industrial Facilities
Residential: All Residential

Water Benefits Level of Drought Resilience: Medium
Type of Drought Benefit: Reduce Water Use
Water Resources Type of Water Resource Benefit:

¢ Results from an Australian study showed a positive impact between 5
and 10% water savings.

e The study showed that HWUs have a high program reach and appeal,
with all participants having reporting engaging with their HWU cards.

e Results from the study showed that the intervention group consuming
8% less than the control group.

e After viewing the HWUs, consumption of the intervention group reduced
by 20.3% while the control group reduced by 12.7%.

Electric Benefits Electricity Savings: A 2017 DNV GL impact evaluation study on
California’s Universal Audit Tool (UAT) indicates that electric savings
estimate to range between 1% to 4% from baseline conditions (70 kWh up
to 271 kwh) after UAT engagement.

Cost-Benefit Costs: $6.82 up to $15.85 per survey. (E-Source Study)
Analysis Savings: 70 kWh up to 271 kWh per survey. (DNV GL Study)
Simple Payback: 0.58 years up to 0.98 years

= [$6.82 / (70 kWh) *($0.10/kWh)] = 0.98

= [$15.85/ (271 kWh) *($0.10/kwh)] = 0.58

Other Benefits: No specific health and safety benefits were identified from the research

Health and Safety conducted.

Other Benefits: Reduces GHG Emissions

Environmental ¢ Reduced water usage results in less GHG emissions due to water
transportation.

e Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources.

Other Benefits: Relatively low-cost research environment to explore the provision of
Economic detailed household water-use feedback.
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Candidate Technology 16: Smart Irrigation:

Technology Name Smart Irrigation

Technology Water Use O Increase O Reduce Water

Solution(s) Efficiency Water Supply Use of Potable | Management

Water for Non- | Tools
Potable Uses

Sector(s) Agricultural Commercial | O Industrial Residential

Industry Agricultural: Crop Farming, Dairies

Segment(s) Commercial: Offices, Hotels, Resorts, and Schools
Residential: All Residential

Drought Resilience High O Medium O Low

Water Benefits Reduces O Increases O Produces/Uses Reduces
Water Use Water Supply Recycled Water Water Loss

Electric Benefits Energy Demand O Distributed O Increase
Efficiency Response Generation Energy
(Reduces (Ability to (Increase Ability Storage
kWh) Shift Load?) to Produce (

Clean Energy) )

GHG Benefits Yes, reduced water usage means less GHG emissions from electricity
generation and water transportation.

Implementation <= 3 years O 3-7 years O > 7 years

Timeline

Estimated Simple <1 year.

Payback

Landscape Irrigation Background

Landscape irrigation accounts for approximately one-third of all residential water use
nationwide (EPA 2008). In a study to evaluate and quantify residential water use, Mayer et al.
(1999) found that outdoor water use was 35% higher for homes with inground sprinkler
systems than for homes without. The same study revealed that homes with irrigation systems
controlled by an automatic timer had 47% more outdoor water use than those without. A
similar study of monthly residential irrigation totals in central Florida found that timer-based
irrigation systems controlled by homeowners applied on average 2.4 times the calculated net
irrigation requirement (Haley et al. 2007).

To reduce water peak demand, some municipalities have adopted outdoor watering restrictions
(e.g., odd-even watering days) with stiff penalties for homeowners found in violation. During
periods of extended drought, restrictions limiting irrigation to once or twice per week are
common; however, the effectiveness of such policies at reducing overall water use depends on
citizen adherence and how strictly the restrictions are enforced (Ozan and Alsharif 2013).
Several towns, such as Cary, North Carolina, have also implemented tiered rate structures, in

16 Urban Farmer Store website http://www.urbanfarmersstore.com/smart-new-evapotranspiration-based-controllers-cut-

landscape-water-use-by-20-50/.
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which unit charges for water increase with use (Goodwin and Cefalo 2010). Rain sensors, which
bypass irrigation following rainfall events, are required in many communities (Cardenas-
Lailhacar and Dukes 2008), and in some cases smart irrigation controllers are being encouraged
or even required as an effort to further conserve water.

What is the technology?

Smart Irrigation Technologies comprise of 1) evapotranspiration (ET) based controllers, which
adjust irrigation schedules based on estimated reference evapotranspiration and (2) soil
moisture sensor-based controllers, which function based on soil moisture measured in the root
zone. Proper installation, programming, and maintenance of smart irrigation technologies
maximize water savings and reduce water usage and smart irrigation retrofits should be
targeted toward systems that historically overirrigate.

How does it work?

Evapotranspiration (ET) is the amount of water that is lost from the soil through evaporation
and plant use. ET irrigation controllers re-adjust themselves automatically as often as needed
without manual reprogramming by using three sources of information:

1. Built in logic has solar radiation values for every micro climate, permanently stored
onboard in memory, by postal zip code or latitude.

2. Entered data about each zone to be watered: soil type, plant type, irrigation type
(sprinklers or drip), and slope.

3. Real-time data from on-site sensors or wireless E.T. weather data service enabling fast
response to unexpected storms or heat waves.

Soil Moisture Sensor uses capacitance to measure the water content of soil (by measuring the
dielectric permittivity of the soil, which is a function of the water content). Sensors are inserted
into the soil, and the volumetric water content of the soil is reported in percent.

What are the benefits?

Database Field Field Description
Technology Name Smart Irrigation Technologies
Sector Agricultural, Commercial, Industrial, Residential
Industry Segment Agricultural: Crop Farming, Dairies

Commercial: Offices, Hotels, Resorts, and Schools
Industrial: Wastewater Treatment Facilities
Residential: All Residential

Water Benefits Level of Drought Resilience: Medium

Type of Drought Benefit:
e Reduce Water Use

Water Resources Type of Water Resource Benefit:
e Pera 2011 North Carolina field study, smart irrigation technologies did
result in beneficial changes in water-use behavior.

e On average, the smart technologies reduced weekly irrigation by 21%

55



Database Field

Field Description

Electric Benefits

e Electricity Savings: Embedded energy savings due to less pumping
can be realized from smart irrigation technologies. Depending on sector
and applications annual embedded electricity savings range from 1 kWh
up to 20 kWh per soil moister sensor or smart irrigation controller.

Cost-Benefit
Analysis

Soil Moisture Sensor Costs: $7 up to $40 per soil moisture sensor
Smart Irrigation Controller Costs: $70 up to $300 per controller

Energy Savings: 1 kWh up to 20 kWh per sensor or smart irrigation
controller.

Water Savings: On average, the smart technologies reduced weekly
irrigation by 21%. California water energy nexus deemed measures
estimate annual water savings between 4,000 gallons ($132 annual cost
savings) and 14,000 gallons ($463 annual cost savings) per year of water
savings attributed to smart irrigation technologies.

Soil Moisture Sensor Simple Payback: 0.5 years up to 0.61 years
= [$7 / (70 kWh) *($0.10/kWh) + ($132)] = 0.05
= [$40/ (271 kWh) *($0.10/kWh) + ($463] = 0.08

Smart Irrigation Controller Simple Payback: 0.05 years up to 0.08 years
= [$70 / (70 kwh) *($0.10/kWh) + ($132)] = 0.50
= [$300/ (271 kWh) *($0.10/kWh) + ($463] = 0.61

Other Benefits:
Health and Safety

No specific health and safety benefits were identified from the research
conducted.

Other Benefits:
Environmental

Reduces GHG Emissions

¢ Reduced water usage results in less GHG emissions due to water
transportation.

¢ Reducing electric use and electric demand reduce production and/or
purchase of marginal electric resources.

Other Benefits:
Economic

Relatively low-cost research environment to explore the provision of
detailed household water-use feedback.
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