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INTRODUCTION

i
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his guidebook was developed to help Commercial,

Industrial and Institutional (Cll) water users be more
water efficient. It provides information on water-saving
technologies and best management practices applicable
to these sectors and will include an appendix section
which provides seasonal water use benchmarks for
numerous business types. These benchmarks provide
readers with a comparison to their own water usage
patterns and consumption levels. The guidebook is
intended for use as a resource by:

Existing and new businesses
Developers, consultants, and designers
Planning agencies, for benchmarking purposes

v o v

Water providers, for reviewing and estimating water
use at existing businesses

In this guide, readers will find eight broad categories of
water-using or monitoring technologies:

Data Collectors

Metering of Individual Units

Indoor Plumbing

Restrooms

v ¥ v v

Water Treatment

- Process Water
- Alternate On-site Water Sources
-> Landscapes
Readers can also explore six business categories
commonly represented in the Cll sectors:
Food Service
Laundries & Dry Cleaning
Medical Facilities & Laboratories
Pools & Spas
Vehicle Washes

Cannabis Operations
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Many of the technologies discussed in this guidebook can
also be applied to other business types not specifically
addressed herein. For example, restroom fixtures, process
water and landscape technologies can also apply to many
business types, and some of this information can also

be applied to the residential sector. Each chapter has an
introduction that includes a discussion of the end uses

of water, as well as references on where to find technical
data for such information as the estimated life-cycle water
savings, costs, and payback (cost-effectiveness) of the
technology where applicable.



For Water Providers and Utilities

Though this water efficiency guidebook was written to
assist EBMUD customers, it also includes additional
resource savings recommendations where applicable.
Note that some of the recommendations may be specific
to Northern California, but as a whole, many of the
technologies can be applied to improved water efficiency
world-wide. While it is left to each agency to decide what
water-saving technologies might be appropriate for their
service area, this guidebook includes examples of proven
water conservation practices.

The business community can capture the benefits of
reduced costs for water, energy, chemicals, wastewater,
and onsite water- and wastewater- treatment facilities.
For example, system-capacity charges imposed by water
providers (i.e., water-provider connection fees) may be
reduced due to either smaller meter sizes or reduced
water use resulting from the water-saving technology.
Thus, planning for and incorporating water- (and energy-)
efficient technology during the design and construction
phase of a project can represent a win-win scenario

for all stakeholders, including the environment. Lastly,
using this guidebook for new projects adopting water-
efficiency standards can be considerably more cost-
effective for both water utilities and businesses than
retrofitting businesses with water-efficient technology after
construction.

How to Use This Guide

The chapters “The True Cost of Water,” “Data-logging
Devices,” “Plumbing,” and “Restrooms” are broadly
applicable to most business and facility types. They lay a
foundation for understanding the interplay of water and
energy costs, the utility of tracking and analyzing water
use data, the basics of plumbing, and the considerations
for restrooms, respectively.

In addition to these chapters, business and facility types
will also want to focus on chapters directly relevant to their
industry.

Example 1: Car Wash

This type of business will benefit from the following
chapters, covering important aspects of water usage
involved in washing cars, as well as the filtration, disposal,
and potential reuse of wash water.

- Vehicle Washes

-  Water Treatment

- Process Water

- Alternate On-Site Water Sources

Example 2: Hospital

Hospitals and medical facilities will want to focus both on
the chapters concerning public-facing water fixtures, in
addition to the specific specialized facilities often present
on a medical campus.

Metering of Individual Units

Water Treatment

Process Water

Alternate On-Site Water Sources

Landscape Water Use Efficiency

Food Service Operations

Laundries & Dry-Cleaning Operations
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Medical Facilities & Laboratories

Example 3: Restaurant

Restaurant operators will want to choose sections that
reflect the building type that they are housed in. Stand-
alone restaurant buildings with surrounding landscaping
will have a few more considerations than restaurants
operating in a mixed-use development setting.

- Metering of Individual Units
- Food Service Operations
- Landscape Water Use Efficiency



Since technology changes over time, this guidebook will be reviewed every 5 years and updated accordingly.

Reader feedback is appreciated from those who gain experience with the use of this guidebook. Please provide
comments to waterconservation@ebmud.com or write to:

EBMUD

Cll Guidebook

375 11th St. MS 314
Oakland, CA 94607
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Chapter 1
THE TRUE COST OF WATER

he full, true cost of water used in a commercial

or industrial establishment is more than just the
money paid to the local water utility. Wastewater, water
treatment, pretreatment and energy costs to heat water
for a commercial facility are important factors in calculating
the cost of water for a property. Presenting these costs to
the average worker in units they can understand is also
important so that all staff can appreciate the interrelated
impacts of water and energy use. This chapter examines
these cost relationships.

Water Rates in East Bay
Municipal Utility District

Water rates for EBMUD are expressed in dollars per 100
cubic feet (CCF). One CCF is equal to 748 gallons.

Commercial and industrial rates include non-potable water
and multifamily customers. Multifamily is included since
these are businesses whose function is housing people.

In addition to these water rates, the utility charges a fixed
monthly fee based on the size of the water meter and
pressure zone.

Check with your local water service provider for
information on water rates and other billing information.

Wastewater Rates
in East Bay Municipal
Utility District

Wastewater rates can vary significantly by the wastewater
utility in the area. Although EBMUD provides treatment
facilities, each wastewater utility has specific rates by type
of commercial or institutional user.

Much of the variation in volume charge is based on
waste strength (Chemical Oxygen Demand — COD, and
Total Suspended Solis — TSS) and other factors. EBMUD
requires that users whose wastewater exceeds the
assigned strengths obtain wastewater discharge permits
under EBMUD's permit program. Each utility handles
these charges in a different manner.

Putting Water and Wastewater
Charges Together

Some account types such as irrigation-only are not
assigned wastewater charges since wastewater is not
generated from their consumption. In a similar fashion,
commercial customers that do not discharge a significant
amount of their incoming water to the sewer can apply
for a permit that estimates the wastewater volume, which
would otherwise be based on the incoming water volume
and calculates the treatment charge. This “Estimation

of Wastewater Charges” permit can result in significant
savings for the customer. Buildings with cooling towers,
for example, can be given evaporation credits by many
utilities for the water that is evaporated and not returned
to the sanitary sewer. However, almost all commercial
and institutional indoor uses are not separable. Therefore,
the cost to use water should include both water and
wastewater volumetric charges.

Energy for Heating Water

The associated energy necessary to heat water is an
often-overlooked water cost. Hot water use in restaurants
is primarily in the kitchen for dishwashing and other
activities. High temperature dishwashers must have 180°F
water while other operations can use water in the 130°F
to 140°F range. Hot water is used in lavatories, sinks,

and for showers and on-site laundry. Hotels and hospitals
have significant water costs for showering and medical
equipment. Many other uses of hot water can be found in
the commercial and institutional sectors.

The cost to heat water can add significantly to
the cost of the water that is being used. The
amount of energy needed depends on the tap
water temperature; the colder the incoming
water, the more energy needed to raise the water
to the desired temperature.

Electricity and natural gas are the two main ways of
heating water in commercial and institutional operations .
This is also generally true in industrial operations, although
other fuels are sometimes used.
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Electricity rates can vary by time of use. The price of
natural gas and propane also generally increases annually
and can adjust seasonally or even daily.

Businesses should be aware of their current
electric and natural gas rates. Pacific gas and
Electric (PG&E) is the main energy provider to
EBMUD. Rates vary by total use and season.

ne
gallon of water:

-
> The cost of natural gas or electricity .
The temperature of the water supplyind

>

water heater
ature of the hot water

inal temper
- The final ter heaf\ng System

> The efficiency of the wa

The energy cost of heating water per gallon can be
higher than the combined water and wastewater cost

of that water per gallon. Tables 1-1 and 1-2 show how
much it costs to heat water at 100 percent water heater
efficiency. Currently, electric water heaters operate in the
range of 98% to 99% efficiency, and as of October 2015,
commercial gas water heaters are required to achieve
80% efficiency'. Older water heaters were generally 70%
to 75% energy efficient when brand new. New natural gas
condensing heaters have efficiencies in the 90% to 95%
range. However, the efficiency of hot water delivered to
the point of use includes heat loss in the pipes. As water
heaters age, their efficiency also tends to decline.

When energy costs are added, the cost of water increases
dramatically.

The following examples illustrate how to use the sample
tables.

Example 1: A new electric water heater operating at
80 percent efficiency heats water from 60°F to 140°F,
an increase of 80°F. If the cost of electricity is 30 cents
per kWh, the cost at 100% efficiency is 5.86 cents
per gallon. At 80 percent efficiency, the actual cost is
5.86/0.80 = 7.33 cents per gallon. When added to
the total water and wastewater cost, the hot water

1 https://appliance-standards.org/product/commercial-water-heaters

costs are 8.58 cents per gallon = $85.80 per thousand
gallons ($64.18 per CCF).

Example 2: The 140°F hot water is then used to feed
a high temperature dishwasher operating at 180°F
using an electric booster heater. The water must be
heated an additional 40°F with electricity at 30 cents
per kWh. The rise in temperature from 140°F to 180°F
cost would be 2.93 cents a gallon. Adding the water
and wastewater cost of 1.26 cents and the gas heater
cost to raise the water to 140°F 3.56 cents, the total
cost = 4.78 cents per gallon = $47.80 per thousand
gallons.

Typical Percentages of Hot
Water Use for Commercial
and Institutional Users

The cost of water used will depend on what
percent of the water used in the application is
heated.

For example, the percentage of water used in a
shower depends on the temperature of the cold water
and the preference of the person taking the shower. Cold
water (water and wastewater combined) may cost 1.25
cents a gallon and hot water may cost approximately 2.60
cents a gallon. Therefore, if 60% percent of the water used
in the shower is heated water, the cost of water would be
calculated as follows: (1.25 X 0.40) + (2.6 X 0.60) = 2.06
cents per gallon. Table 1-3 shows the range of hot water
use for various types of hot water use in commercial and
institutional establishments.

Treatment Costs

While many industries, such as restaurants, will generally
not need to further treat their municipal water, certain
commercial and industrial operations such as refineries
require a specific chemical composition of water. In these
cases, further treating municipal water could be necessary,
adding to the cost. The two most common commercial
treatment options are softening and reverse osmosis.

Softening is done with a softener that uses either sodium
or lithium chloride to recharge the softener. Commonly,
commercial heating and cooling applications, such as

in cooling towers, require “softer” water that removes
naturally occurring minerals. Water from the East Bay
Municipal Utility District has an average hardness of 140
ppm as calcium carbonate. This is equal to 7.9 grains

of hardness. The State of California requires residential
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softeners remove at least 4,000 grains of hardness per
pound of salt. Commercial systems can generally operate
at this efficiency or even higher.

If the softener is operating at 4,000 grains per
pound of salt and the hardness is 7.9 grains per
gallon, one pound of salt will treat 506 gallons
of water. The average cost of softening salt is
in the range of 4.5 cents to 5.5 cents per pound.
In this example, salt cost for softening to treat
500 gallons is 10 cents per thousand gallons - a
relatively small amount.

Reverse Osmosis systems remove dissolved solids (salts
and minerals) from water with a molecular level filtration
type system. “Industries like mechanical, chemical,
pharmaceutical, and lumber/pulp industries, utilize
reverse osmosis systems for pre-boiling water treatment/
conditioning.” Feed water to reverse osmosis (RO)
systems is also often softened before RO is used. In
some commercial operations such as car washes and in
medical and laboratory systems, feed water to the RO
unit is pressurized with a pump. For small RO applications
in kitchens and point of use treatment, line pressure is
used. Although, energy costs for systems using a pump
are real, for most RO systems, they are small if only fresh
water is the source. The main factor is how much water
is discharged to waste for every gallon produced. Some
older inefficient systems dumped five gallons of water
into the sewer for each gallon provided for use. For car
washes and kidney dialysis systems, typically, one gallon
is dumped for every gallon produced. These two examples
are used because for car washes with recirculation
systems, dumped water is not wasted. It is caught and
used for the first wash cycles. For the kidney dialysis
systems, that water is lost. Modern under the sink RO
systems typically dump two gallons per gallon produced,
while much larger systems for laboratories can dump as
little as a quarter of a gallon per gallon produced.

The True Cost of Water—Ch 1

The following are examples of calculations.

Example 1: A small under the counter RO unit that
discharges four gallons for each gallon produced

by the RO system. In this case, for every one gallon
produced, five gallons are used. The cost for water and
wastewater is 1.246 cents per gallon. Therefore the
total cost = 5 x 1.246 cents per gallon = 6.23 cents per
gallon which equals $46.60 per CCF!

Example 2: A kidney dialysis clinic with an RO system
that produces one gallon and discharges one gallon. In
this case, two gallons are used for each usable gallon
produced. At 1.246 cents a gallon, each usable gallon
cost 2.49 cents a gallon ($18.64 per CCF).

The Impact of Inflation on Future
Water Costs

Since 2000, water and wastewater rates have had an
inflation rate between 5.5% and 5.6%?°. Using historical
rates means that rates for water and wastewater in 2021
were some 2.96 times more than in 2001. If this inflation
rate prevails, current water and wastewater rates will
double in 14 years. Table 1-4 shows this impact on the
cost to flush a toilet.

Energy rates, such as for natural, also continue to
increase. Figure 1-1 shows average natural gas prices for
commercial establishments in California since 2010.

2 Intec America https.//www.intec-america.com/blog/reverse-osmosis-ro-industrial-applications
3 Black & Veatch. (2021). 2021 50 Largest Cities Water and Wastewater Report. https:/bv.com/resources/2021-50-largest-cities-water-and-wastewater-report
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TABLE 1-1: The Cost of Heating Water with Natural Gas at 100% Efficiency

DEGREES F° OF INCREASE IN TEMPERATURE

DOLLARS
PER MCF 40° 50°  60° 70° 80° 90° 100° 120° 130° 140° 150°
$6 020 025 030 035 040 045 050 060 065 070 0.75
$8 027 033 040 047 053 060 067 080 0.87 093 1.00
$10 033 042 050 058 067 0.75 0.83 1.00 1.08 117 1.25
$12 040 050 060 0.70 080 090 1.00 120 130 140 1.50
$14 047 058 070 082 093 105 117 140 152 1.63 1.75
$16 053 067 080 093 1.07 120 133 160 1.73 1.87 2.00
$18 060 075 090 1.05 120 135 150 1.80 195 210 2.25
$20 o067 083 100 117 133 150 1.67 2.00 217 234 250
TABLE 1-2: The Cost of Heating Water with Electricity at 100% Efficiency
CENTS DEGREES F° OF INCREASE IN TEMPERATURE
PERKWH 40° 50° 60° 70° 80° 90° 100° 120° 130° 140° 150°
8 078 098 117 137 156 178 196 235 254 274 293
10 098 122 147 171 196 222 244 293 318 342 3.67
12 117 147 176 205 235 267 293 352 381 411 440
14 137 171 205 240 274 311 342 411 445 479 513
16 156 196 235 274 3.13 356 391 469 508 548 5.87
18 176 220 264 3.08 352 400 440 528 572 6.16 6.60
20 196 244 293 342 391 445 489 587 636 684 7.33
22 215 269 323 376 430 489 538 645 699 7.53 8.07
24 235 293 352 411 469 534 587 7.04 763 821 8.80
26 254 3.18 3.81 445 508 578 636 7.63 826 890 9.53
28 274 342 411 479 548 6.23 6.84 821 890 958 10.27
30 293 367 440 513 587 6.67 7.33 880 953 10.27 11.00
32 3813 391 469 548 626 7.12 7.82 939 1017 10.95 11.73
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TABLE 1-3: Typical Percentages of Hot Water Use for Cll Users

TYPE OF USE PERCES;_IBOVIX_CI_;IIEEROSSTEYPICAL
Lavatory Faucets 10% to 30%
Showers 40% to 80%
Hotel Laundry Operations 5% to 35%
Coin Laundry Operations 20% to 35%
Commercial Dishwashers 100%
Pre-Rinse Spray Valves 0% to 100%

TABLE 1-4: Cost to Flush a Toilet Now and in 10 and 20 Years
CENTS PER FLUSH

GALLONS PER FLUSH 2022 10 YEARS 20 YEARS
5.0 6.2 10.1 16.7
3.5 4.4 7.1 11.7
1.6 2.0 3.2 5.4
1.28 1.6 2.6 4.3
1.0 1.2 2.0 3.3
0.8 1.0 1.6 2.7

FIGURE 1-1: California Commercial Gas Prices Since 2010
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Chapter 2
TECHNOLOGIES FOR REAL-TIME
WATER USE: AMI, FLOWMETERS

AND DATA LOGGERS

hanks to advances in data monitoring technology,

water use data is now frequently available at high
volumetric resolutions and measurement frequencies that
can be readily used to identify and implement water saving
opportunities.

There are several technological options for capturing high-
resolution water use data, including Advanced Metering
Infrastructure (AMI) meters installed by utilities as well as
flowmeters and data loggers installed by water users,

or plumbers acting on the water users’ behalf. This
section provides a brief overview of each technology,
followed by general recommendations and a table

listing the efficiency, benefits, and drawbacks for the
different technologies.

Advanced Metering
Infrastructure (AMI)

AMI is a combination of utility-installed meters and
associated devices or systems used to capture, transmit,
and store high resolution water use data. Traditional
metering systems record water use at monthly, bi-monthly,
or quarterly intervals whereas AMI metering systems
record data at daily, hourly, or sub-hourly intervals. In
addition to more frequent measurements, AMI meters
may capture, and report water use at gallon or even

compared to traditional systems

substantial capital investment by the utility. Not all utilities

have made the switch to AMI, and those that have

switched sometimes target specific customers, areas,

or meter types for systematic replacement over time. As

of 2023, EBMUD has not yet made the transition to AMI
meters for the majority of its service area.

Opportunit;
/ e
save mclude:s fo

> Leak identiﬁcati

on (i ; -
of leak repair) ('ﬂCludmg Verification

Perationg| efficienc
Ng and other Mmeag
ldeqtification and replaceme

nefficient €quipment and ﬁxtn

ies through
ns

benchmark;
9

i t of
ures

Although the data captured by

AMI systems can seem overwhelming, tools are available
to assist both water users and utilities in extracting
meaningful and actionable information. Data collected by
AMI systems can be processed in various ways, including
automated methods implemented by utility staff or through
processing handled by AMI data portals.

AMI components

which often report in thousand-gallon
(kgal) or hundred cubic foot (hcf)
volumes.

fractional gallon (or cubic foot) volumes,

While the systems are owned
and operated by the utility,
AMI systems also frequently
include a customer-facing
data portal and are sometimes
integrated alongside utility
billing systems. This gives the
user access to nearly real-time
water use data.

Data is encrypted
and sent via

AMI technology represents a
substantial improvement over many

signal to a collector

Maopaus

Your water use, usually
hourly or daily, may be
available to view through an

v

online portal.
Your water utility receives the
secure data on regular intervals.
Using that data they may be able
to identify suspected leaks,
irregular watering patterns, or

C
trends in water use that could

. help you save. *

Your water use is

available on your bill, but
more detailed information
may be available through a
report from your utility.

Data on water usage is
collected at your meter

aspects of traditional metering
systems but also requires a

ws-commercial-ami-guide-facilitymanagers. pdf

QA /7// |

J

Source: US EPA, https.//www.epa.gov/system/files/documents/2022-09/
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METHOD/
TECHNOLOGY

AMI Customer
Portals

AMI Leak
Notification
Programs

AMI Threshold-
Based
Notifications
(incl. water
budgets)

Flowmeter / Data
Logger Equipment

BENEFITS

¢ With access to data in near-
real-time, portals inherently
encourage water use efficiency
as you can actively monitor
use to keep use/bills low

¢ The Portal can identify some
end uses such as irrigation or
potential leaks and bursts.

e Alerts customers of leaks
quickly, preventing high bills and
associated water damage.

e Can automatically enroll customers
so they are notified even if they
have not proactively engaged
with the customer portal.

¢ Allows customers to identify
and address potential issues
before a high bill is received.

e Helps customers to reduce water
to meet budget by showing
actual versus desired usage

e Can support operational efficiency
by displaying accurate real-
time water usage information

¢ Add bullet before this one: Allows
customers to see real-time usage
even without utility-installed AMI

¢ Allows precise water use monitoring
for specific equipment/systems and
associated benefits (leak detection,
efficiency improvements, etc.)

e Customer can often easily self-
install externally attached models

e May help meet green building
certifications and other
sustainability goals

TABLE 2-1: METHOD/TECHNOLOGY TABLE

DRAWBACKS

e Customers must actively use
and engage with the portal

® Requires advanced algorithms
to detect Cll leaks

¢ False positives or multiple small
leaks can be viewed as nuisances

e Thresholds vary greatly across
use types and individual users,
so can be difficult to establish

e |nitial install as well as
calibration, testing, or repair
may require system drain-down
and plumbing expertise

e |solation of individual uses may
not be possible for all customers

e Equipment replacement and
upgrades can be costly

¢ Not all models offer real-
time notifications via app

e Some models require Wi-Fi,
cellular subscriptions, and/
or external power sources
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Meaningful Utilization of AMI Data:

- Setting threshold-based notifications (e.g., notifying
the utility and/or customer if water usage is greater
than the user-specified number of gallons per hour/
day/week)

- Projected bill amounts based on current usage to
date

- Continuous usage (also known as suspected leak)
notifications

- Advanced systems may also identify distinct large
water usages such as irrigation or potential bursts
possibly indicative of pipe breaks

Notifications regarding high usage, suspected leaks, or
frequent irrigation are often part of a customer portal
service, used by utilities, that can help water users
address their own high usage and suspected leak issues
before they escalate.

In addition to notification-driven savings,
Commercial, Industrial & Institutional (Cll) users
can achieve even greater savings using AMI

by actively monitoring their water use during
operational events (E.g.: equipment that runs
overnight).

This data can be used to form a baseline operational
assessment. This assessment includes conducting

a comprehensive review of typical water use and
documenting water use for specific equipment and
processes, or for the entire facility over various time
periods. By comparing the actual water consumption for
a piece of equipment or process to the manufacturer's
description of expected use, it becomes easier to
identify inefficiencies or potentially failing equipment. This
information can be used to target efficiency projects and
upgrades.

Flowmeters & Data Loggers

Flowmeters and dataloggers offer even higher resolution
data than AMI meters and can provide data at fractions
of a gallon every second. Sometimes, this more granular
data makes identifying the cause of leaks and high usage
easier than with AMI alone. Flowmeters are often in-line
equipment that require system drain-down or wet tap and
plumbing expertise to install, although clamp on models
are also available. There are many types of flowmeters
with varying suitability considerations, including pipe
diameter, water properties, and desired accuracy. For
additional information about flowmeter and data loggers,
see the EPA’s publication, WaterSense at Work: Metering
and Sub Metering.

Data loggers on two water meter dials
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Flowmeters can be connected upstream of specific
equipment, such as cooling towers or irrigation systems,
to provide high resolution data associated with specific
equipment and end uses. Some flowmeters can also
measure additional water parameters, such as pressure
and temperature.

Dataloggers collect similarly high-resolution data but must
be attached externally to existing metering equipment.
Dataloggers can be attached to city-owned meters

in some situations or can be attached to user-owned
submeters or flowmeters.

Note that flowmeters and dataloggers are often referred
to interchangeably. Both flowmeters and dataloggers
require calibration and testing during initial setup and

at recommended intervals, which vary by device. Both
devices can either store data locally for manual retrieval
or transmit data through a network method such as Wi-Fi
or cellular. Platforms for accessing water use data are
specific to each manufacturer, but most offer the ability to
export data to a common platform like Microsoft Excel.

Recommendations

- Leverage capabilities of AMI system and data
portals, if available

- Set up contact details and other parameters (ex:
thresholds) for AMI notifications

= Familiarize key staff with AMI data access,
monitoring, and other system features

= Install flowmeters or dataloggers upstream of high
usage equipment and systems

- Actively monitor water usage during specific time
periods and operational phases using AMI and/or
flowmeters/dataloggers; compare over time or to
available expected usage data (e.g., benchmarking
studies) to identify opportunities for efficiency
improvements.


https://www.epa.gov/system/files/documents/2023-11/ws-commercial-bmp-watersenseatwork_section2.1_meteringandsubmetering.pdf
https://www.epa.gov/system/files/documents/2023-11/ws-commercial-bmp-watersenseatwork_section2.1_meteringandsubmetering.pdf

Ch 2—AMI, Flowmeters, and Data Loggers

Resources

1. City of Santa Rosa. (2022 June 15). Santa Rosa Water Combines AMI, WaterSmart Portal and Audits to
Uncover Leaks. ACWA.com
https://www.acwa.com/innovation/santa-rosa-water-combines-ami-watersmart-portal-and-audits-to-
uncover-leaks

2. Brueck, T, Wiliams, C; Varner, J; Brink, Penny. (2022, September) AMI-Meter Data Analytics Water
Research Foundation
https.//www.waterrf.org/research/projects/ami-meter-data-analytics

3. Advanced Metering Infrastructure: A Guidance Manual for Water Ultilities — prepared by the Alliance for
Water Efficiency
https://www.allianceforwaterefficiency.org/resources/topic/advanced-metering-infrastructure-guidance-
manual-water-utilities

4. American Water Works Association. (2018). M33 Flowmeters in Water Supply, Third Edition. AWWA.org
https.//engage.awwa.org/PersonifyEbusiness/Store/Product-Details/productld/69279701

5. (2022, February). Increasing consumer benefits & engagement in AMI-based conservation programs:
Guidebook for Practitioners AWWA.org
https://www.awwa.org/Portals/0/AWWA/ETS/Resources/ Technical%20Reports/ami_guidebook_
feb_2022.pdf

6. Akesson, J; Hahn, R; Kacha, O; Leavell, V; Ong, J. (2022, February). Increasing consumer benefits &
engagement in AMI-based conservation programs. AWWA.org
https.//www.awwa.org/Portals/0/AWWA/ETS/Resources/Technical%20Reports/ami_report_feb_2022.pdf

7. Environmental Protection Agency (2017, February). WaterSense at Work: Best Management Practices for
Commercial and Institutional Facilities EPA.gov
https://www.epa.gov/sites/default/files/201 7-02/documents/watersense-at-work_final_508c3.pdf

8. (2022, September). Improving Water Management Using Advanced Metering Infrastructure Data for
Facility Managers EPA.gov
https://www.epa.gov/system/files/documents/2022-09/ws-commercial-ami-guide-facility-managers.pdf


http://ACWA.com
https://www.acwa.com/innovation/santa-rosa-water-combines-ami-watersmart-portal-and-audits-to-uncover-leaks
https://www.acwa.com/innovation/santa-rosa-water-combines-ami-watersmart-portal-and-audits-to-uncover-leaks
https://www.waterrf.org/research/projects/ami-meter-data-analytics
https://www.allianceforwaterefficiency.org/resources/topic/advanced-metering-infrastructure-guidance-manual-water-utilities
https://www.allianceforwaterefficiency.org/resources/topic/advanced-metering-infrastructure-guidance-manual-water-utilities
http://AWWA.org
https://engage.awwa.org/PersonifyEbusiness/Store/Product-Details/productId/69279701
http://AWWA.org
https://www.awwa.org/Portals/0/AWWA/ETS/Resources/Technical%20Reports/ami_guidebook_feb_2022.pdf
https://www.awwa.org/Portals/0/AWWA/ETS/Resources/Technical%20Reports/ami_guidebook_feb_2022.pdf
http://AWWA.org
https://www.awwa.org/Portals/0/AWWA/ETS/Resources/Technical%20Reports/ami_report_feb_2022.pdf
http://EPA.gov
https://www.epa.gov/sites/default/files/2017-02/documents/watersense-at-work_final_508c3.pdf
http://EPA.gov
https://www.epa.gov/system/files/documents/2022-09/ws-commercial-ami-guide-facility-managers.pdf

Chapter 3
PLUMBING FIXTURES

lumbing fixtures are a ubiquitous part of our

daily lives, and every building with a water
supply uses plumbing to convey and control
the water. Because of the large variety of
plumbing fixtures and the enormous amounts
of water they collectively use, federal and
California statues set water-use standards for
some fixtures and appliances.

Manufacturers and water utilities have continued to
examine opportunities for water efficiency and associated
energy efficiency. Ongoing plumbing fixture performance
testing results in updated water flow specifications.
Plumbing fixtures are also prime targets for replacement
or retrofit with high-efficiency technologies. This chapter
highlights ways that fixture leaks and inefficiencies can be
mitigated in:

- Backflow Preventers
Fire Protection Systems
Floor Drain Trap Primers
Janitorial Mop Sinks
Outdoor Faucets

Pumps

(/ZRE /NN R R . 2

Surge Tanks & Other Forms of
Potable Water Storage

- Valves & Other Devices

Backflow Preventers

Backflow preventers stop water from flowing in the wrong
direction through cross connections. Backflow preventers
and vacuum breakers are required by state or local code
SO water supplies are not contaminated by sources at the
point of use.

If one end of a hose, pipe, drain-trap primer, submersible
pump, or other device is in non-potable water, and if

the back pressure of the non-potable water exceeds

the supply pressure, without a backflow preventer this
potentially bacteria-laden or contaminated water could
be sucked back into the potable-water supply line. Such
cases are possible if a potable water system is connected
to a boiler, cooling tower, booster or recirculating pump,

or encounters any

substance that could cause a health hazard or affect

the aesthetic quality of the water supply. If any of these
conditions exist at your site, you will be required to install
an appropriate backflow preventer.

By health regulation, backflow devices between public-
water supplies and private facilities should be inspected
and tested on a regular schedule. For example, the
California Code of Regulations, Title 17, mandates water
purveyors such as EBMUD', which helps to keep potable
water from contaminant and pollution exposure. Check
with your local water supplier for details specific to your
service area.

1 https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/lawbook/dw_regulations_2019_03_28.pdf


https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/lawbook/dw_regulations_2019_03_28.pdf
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Recommendations

- Install backflow preventers and vacuum breakers
as required by code and utilities

- Regularly test and maintain all backflow prevention
devices installed at the service connection per local
regulations

- Locate devices in easy-to-observe locations, and
provide easy access for inspection and testing

= In non-freezing climates, mount exterior backflow
preventers above ground so any leaks may be
easily observed

- For interior devices, place small wells to collect any
leak water where it may be observed

Fire Protection Systems

Fire Sprinkler in a Commercial Kitchen Facility

On the customer premises, a fire protection system is
typically served by a dedicated plumbing system. No flow
should occur except in the case of a fire emergency or
testing. Connections to such a system by the customer for
other purposes are prohibited.

Utilities meter and bill fire protection water supply
lines separately from potable water supplies. Flow
detection meters should be installed on fire service
flows to indicate cross connections and improper
use of fire water. To have an effective program,

these meters need to be read when other meter
readings are taken.

Install flow indicators to show the presence of leaks.
Utilities may also require flow check meters capable of
detecting small flows (less than 1 gallons per minute) on
the fire supply line.

All fire meters require periodic pressure testing which
can use 20 to 50 gallons per check. Most public utilities
charge in units of water (1 unit = 1 CCF = 748 gallons).
However, by the time one unit of water registers from
normal use a year or longer could have elapsed. Thus, if
the fire meter registers water use on consecutive billing
periods, that is a sign that a leak may be occurring on
the system.

Recommendations

- Allow no connections to fire-protection system
except for fire protection

- |nstall flow-detection meters on fire services

-> Conspicuously mark fire-protection-system
plumbing

-> Check billing for water usage to ensure there are
no consecutive billing periods with water usage;
this is a sign of water leak in the system.

Floor Drain Trap Primer

Floor drains often exist in spaces where regular water
use may spill or where floors may be washed frequently.
Plumbing codes require traps to prevent gases and odors
from seeping from sanitary sewers into the room through
the drains. Gas is blocked by water trapped below the
drain in an “S” shaped pipe called a “P trap.” In some
rooms the trapped water evaporates when the floor is
seldom washed, damp-mop floor-cleaning methods are
used, or little water reaches the drain. This condition may
allow the sewer gasses, other odors, and/or vermin to
enter the room.

To sustain water in the trap, additional water
must be added with a device called a trap primer.
A trap primer is a valve or other connection from
a water source that allows a small amount of
water to flow through pipes to recharge traps of
one or more drains.
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TABLE 3-1: Sample Water Use of Trap Primers

NUMBER OF

PRIMER TYPE ACTUATIONS
PER DAY
Continuous Continuous

Flush-activated

Pressure-sensitive

fixture use
Electronic 1 (one)
Waterless 0 (zero)
The common types of trap primers include:
- Continuous flow
- Pressure-drop activated
- Flush-valve activated
- Electronically timed
Schematic of a Floor Drain
74 a '
1 I‘ ) A Floor drain
—_— |
From trap primer
S
Secondary

Trap waste line

Water sources for trap primers include cold-water

pipes, the discharge side of flush valves, or washbasin
drainpipes, depending upon the distance to the drain
and the frequency that the supply device provides water.
A seldom-used valve might provide inadequate water

to maintain the trap function. The most efficient floor-
trap primer will have a connection size and discharge

Depends upon
flush valve use

Depends upon

DAILY WATER USE PER ANNUAL WATER
DRAIN SERVED USE IN GALLONS

0.25 gallons per minute (gpm), 360 gpd X 365 =
360 gallons per day (gpd) 131,400
For 10 flushes: o8
0 X 1 oz = 0.08 gallons
For 10 flushes: o8
0 X 1 oz = 0.08 gallons
0.08 gallons 28
0 (zero) 0 (zero)

frequency that provides a volume of water only slightly
greater than the evaporation from the trap. Most pressure-
sensitive, flush-activated or electronic trap primers
discharge only a few ounces of water for each outlet
during each operating cycle. Comparatively, a continuous
flow trap primer can use over 300 gallons per day. Primers
connected to sink drains use wastewater. However,

the debris screens to these inlets need to be cleaned
periodically. Where drains are used as sanitary sewers,
such as in animal pens, additional water may be applied to
the drain rim to flush debris from the surface of the drain.

Waterless floor drain trap primers, or barrier-type seal
protection devices, can aid in saving water because they
don’t use water to maintain a seal. Waterless trap primers
feature a one-way membrane that acts in the same way a
check valve does.

Recommendations
- Ensure that selected trap primer(s) meet current

state and/or national plumbing codes

-> Select pressure-activated or electronic trap
primers, each serving several drains

-> For the largest water savings, select waterless trap
primers

-> Avoid continuous-flow trap primers

- Physically inspect traps at least once a year
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Janitorial MOp Sinks removable square key to be used to operate the hose bib.
Alternatively, provide a locked box over the hose bib or
Mop sinks, also known as service sinks, are large eliminate hose bibs.

wash basins or set tubs used for janitorial purposes in
commercial settings. Mandatory in many jurisdictions,
their installation and use are required to support proper Hose Bib Outside of a Commercial Business
sanitation and are thus regulated by building and health ; LY v ;
codes.?

Janitorial Mop Sink

Recommendations

- Faucet flow should not exceed 5 gallons per
minute

= Install self-closing nozzles and valves on equipment
connected to hose bibs

- Install a hose bib lock or “loose key” where water
theft or vandalism may be an issue

. > i i itions:
Recommendations Prevent water waste in freezing conditions:

- Install outdoor pipes and fixtures so they can be
= Install check valves overhead on the mop sink drained before freezing weather

faucet supply lines to help prevent back feed

between hot or cold water supply lines - Use freeze-proof bibs that extend through the wall

. . . into a warm environment
- Do not let the faucet run, especially if a hose is

attached, to clean dirty items - Insulate pipes and plumbing attachments and add

heat tape for seasonal use

Outdoor Faucets Pumps

Outdoor faucets, often known as hose bibs, water
spigots, sill cocks, or hose hydrants, are valves which

are often threaded to allow easy connection to hoses,
pressure washers, and other equipment. Not generally
subject to specific flow limitation, flows through hose bibs
are determined by the equipment being used.

Pumps can be present in a variety of commercial and
institutional processes. Our focus is leakage that may
occur from pumps used to move water and to increase
water pressure. Pumps with packing glands have a
reputation for leaks and frequent need for replacing the
packing. Mechanical seals are superior to packing glands
For hose bibs where vandalism and unauthorized use is in that they are far less likely to fail and leak.

a concern, use a “loose key” or attach a hose bib lock.

Instead of an attached handle, there is a slot for a

2 CA Retail Food Code, Page 124, Article 3. Janitorial Facilities, 114279. Curbed cleaning facility.
https.//ochealthinfo. com/sztes/hea/thcare/ﬂ/es/2024 O7/Ca/Code%ZOeffect/ve%20January%202024%2OD/g/ta/ pdf


https://ochealthinfo.com/sites/healthcare/files/2024-01/CalCode%20effective%20January%202024%20Digital.pdf

Recommendations

- Choose pumps with mechanical seals rather than
packing to reduce chance of seal failure

- Choose newer vacuum pumps that do not use
water seals

- Choose pumps that are air-cooled

- Carefully test pumps upon installation to ensure
leak-free operation

Surge Tanks and Other Forms of
Potable-water Storage

A surge tank is a water storage device used as

a pressure neutralizer in a hydropower water
conveyance system to resist excess pressure rise
and pressure drop conditions.

Surge tanks absorb the pressure transients, also known
as water hammers, of fast-acting valves to reduce
plumbing system damage. A water hammer is a pressure
surge or wave caused when a fluid in motion is forced to
stop or change direction suddenly®. Expansion tanks and
pressure-relief tanks are safety devices to store expanded
heated water and relieve pressure on the plumbing
system. A water hammer can occur in a building when
the overall pressure of the water main entering a building
is too high. A normal water pressure at the municipal
water meter is 40 to 60 pounds per square inch (PSI) and
when the pressure gets above this range it can increase
the changes of a water hammer. Water pressure more
than 100 psi can damage pipes and water using fixtures.
Storage tanks may be placed atop high-rise buildings to
maintain pressure in the building.

Tanks and their fittings sometimes leak only intermittently
when water pressure is higher. An observation well or
collection basin can collect the leakage and provide visible
evidence of the leak so that repairs can be taken.

Altitude-control valves are supposed to sense the level

of water in the tank and stop inflow if the storage level
exceeds a specified elevation. If the altitude-control valve
fails, the tank may overflow with great loss of water and
sometimes property damage. The overflow is usually
channeled through a pipe to a drain. Install a signal device
to show that overflow has occurred.

Recommendations

= Provide visible and audible monitoring signals for
tank overflow

3 https://en.wikipedia.org/wiki/Water_hammer
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- Provide monitoring wells to capture and make
visible any leakage

- Inspect and verify all tanks every 12 months

- Inspect tanks and verify operability in accordance
with the manufacturer’s instruction, and/or any
municipality having jurisdiction

Valves and Other Devices

Devices listed in this section are used to limit water
losses during pipe ruptures, equipment failures, and other
emergencies. Unlike much of the other equipment and
processes described in this guide, these devices do not
readily lend themselves to cost effectiveness analysis.
These controls may be inactive for many months or even
years, when suddenly their function becomes immediate.
In the meantime, small leaks or overflows may occur.
Install these devices in easily visible locations, so leaks
may be noted, and corrective repairs performed.

Emergency Shutoff Valves and Isolation Valves

Emergency shutoff valves can be used to stop water flow
when pipes rupture, connections leak, or equipment fails.
During repairs, isolation valves can stop flows to individual
pieces of equipment, while avoiding shutting down water
to major portions of a building. Shutoff valves are relatively
cheap compared with the potential damage they can
minimize. Their usefulness relates to how well they are
marked and their accessibility. Never block access to
shutoff valves, and plainly mark the location of emergency
shutoff valves near the valve site and in the area where the
water is used.

Recommendations
- Add isolation valves to all pieces of water-using

equipment, if not provided by the manufacturer

- Place additional emergency shutoff valves near
critical water-use areas

- Plainly mark the location of emergency shut-off
valves

- Attach information on the valve, stating which
portions of the facility are supplied by the valve

- Meet plumbing codes for your state and county

- Consult the American Society for Mechanical
Engineers and the National Board Inspection Code
for more details relevant to your specific valves


https://en.wikipedia.org/wiki/Water_hammer

Ch 3—Plumbing Fixtures

20

Water Heater Temperature Pressure Relief Valves
(TPRVs) and Relief Valves

Located on the upper portion of a tank-style water heater,
this valve prevents the build-up of hazardous pressure by
releasing water to an overflow pipe. Water-supply pressure
should be within the range recommended by appliance
and equipment manufacturers — usually 40 to 60 psi.
Flows from the valve discharge pipe should be easy to
observe. Place visible indictors to show when the valves
are actuated, and operations need to be corrected.

Recommendations
- Insert visible indicators that will show if the valve
has activated
-> Test valves roughly every six months
- Meet plumbing codes for your state and county

-> Make the outlets to valve-discharge pipes easy to
inspect for flow

- If no date is specified, a pressure relief valve shall
be replaced no later than five years following the
date of its manufacture
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Chapter 4
RESTROOMS

ince restrooms often account for a majority of the
water used in commercial buildings, they are an
important area of focus for commercial water efficiency.
Because of the large numbers of plumbing fixtures
and the volume of water they some restroom fixtures
and appliances.” In addition, performance testing
has resulted in targets pecifications, such as the EPA
WaterSense specifications for high-efficiency toilets
(HETs)?, showerheads and faucets. Restroom fixtures are
prime targets for new design or retrofit with high-efficiency
technologies.

The State of California requires all public and privately
owned buildings have a bathroom.?® Bathrooms must be
equipped with enough toilets, sinks and drinking fountains
to meet the needs of the public at peak hours.

Starting in 2019, the conservation standards that
applied to single-family homes were extended

to commercial and multifamily buildings. While
previous regulations had applied specifically to
new construction and renovation, provisions are
unique in that they apply to any existing plumbing
fixtures in buildings built before 1994.

a s wON =

Water efficient models are now the norm in the state of
California and are getting more traction across the country.
Legislation at both the state and federal level mandating
efficient toilet fixtures has helped save trillions* of gallons of
water annually.

The choice of plumbing fixtures for new structures should
be driven not by the minimum standards, but rather by the
lifecycle cost for the building operator.

In addition to fixtures that are more water-efficient,
non-potable water supplies are being used to flush

toilets. These water supplies include treated municipal
wastewater and lavatory wash water. Using non-potable
water may require more maintenance checks to ensure
the mechanism is not clogged. Check with local and state
codes for acceptance. See Chapter 7, Alternate Onsite
Water Sources, for more information on non-potable water
use.

Water-use standards for plumbing fixtures used in
restrooms are set by both federal and California statute
and are now included in the Uniform Building Codes.
Codes have been noted in the table where applicable
and are accurate as of 2023.° The California Energy
Commission 2015 Title 20 standards apply to most
restroom fixtures, if they are sold in California. Senate Bill
407 required that properties built prior to 1994 be fully
retrofitted with water conserving fixtures by the year 2019
for commercial properties

Water Efficiency Measures for
Restrooms Fixtures

Table 4-1, below, consolidates efficiency recommendations
and California Plumbing Code requirements for a variety

of restroom fixtures. Each efficiency intervention and/or
code requirement has additional notes regarding either the
relative impact of the intervention, or the designated fixture
volumetric requirements.

California Plumbing Code Chapter 4 https.//up.codes/viewer/california/ca-plumbing-code-2016/chapter/4/plumbing-fixtures-and-fixture-fittings#4
https.//19january2017snapshot.epa.gov/www3/watersense/products/toilets.html

California Plumbing Code title 24, Part 5 Section 2901. https://codes.iccsafe.org/content/CBC2019P4/chapter-29-plumbing-systems
https.//www.allianceforwaterefficiency.org/news/20-years-energy-policy-act-18-trillion-gallons-saved-through-more-efficient-toilets
https.//codes.iccsafe.org/content/CAGBC2022P1/chapter-5-nonresidential-mandatory-measures#CAGBC2022P1_Ch05_SubCh5.3_Sec5.303
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TABLE 4-1: Water Efficiency Measures for Restroom Fixtures

METHOD/
RECOMMENDATION/CODE EFFICIENCY
TECHNOLOGY
CODE: maximum 1.28 gallons per flush (gpf) (4.8 L) Medium
Use non-potable water (rain capture or recycled
TOILETS water) for flushing, where available and codes High
(AKA WATER and health departments permit
CLOSETS) Flush should not exceed 3 to 7 seconds for flush valves fixtures.
& URINALS Prohibit continuous water-flushing systems in urinals and toilets Medium to high
Prohibit automatic optical or motion-sensing Medium
flushing systems for toilets and urinals
Install urinals using 0.5 gpf or less High
URINALS CODE: maximum 0.125 gallons/flush (0.47 L)
for wall-mounted type and 0.5 gallons/flush High
(1.89 L) for floor-mounted or other type
CODE: 1.8 gallons per minute measured at 80 psi and must 7 gallons per shower for
comply with Division 4.3 of the California Green Building gafions p
: a 10-minute shower and
Standards Code (CALGreen)(required by code). In showers .
, . : going from a 2.5 gpm to a
with multiple heads, the combined rate of all showerheads
1.8 gpm showerhead

controlled by a single valve may not exceed 1.8 gpm in total.
7 gallons per shower for

Install only one shower head per personal shower :
- a 10-minute shower and
stall (ensure that a properly selected mixing .
: ; going from a 2.5 gpm to a
valve is used to reduce scalding hazards).
1.8 gpm showerhead
SHOWERS & : . _
BATHS For group showers, such as in school gyms and prisons, Medium & dependent
require individual valves for each shower head. on behavior
Install metering showers valves and systems for
public showers, detention facilities, or any shower High
where water usage needs to be controlled
Specify recirculating hot-water systems for large buildings High
Select point-of-use hot-water heaters for small applications Medium
Substitute showers for bathtubs whenever possible 20 to 30 gallons/shower.
CODE: maximum 0.5 gallons (1.89 L) per minute at 60 psi
for public lavatory faucets, self-closing faucets, and lavatory High
faucets installed in common and public use areas (outside of 9
dwellings or sleeping units) in residential buildings
FAUCETS CODE: maximum 0.20 gallons per cycle for metering faucets Medium
(AKA HAND Businesses with high hand-washing demand should use self- Mediurm to hiah
WASHING closing faucets with foot-pedal actuators not to exceed 0.5 gpm 9
LAVATORIES
) CODE: maximum 1.2 gallons (4.54 L) per minute at 60 psi. Medium
Combine a self-closing faucet with low- .
; ; Medium
flow aerator or laminar-flow restrictor
Medium

CODE: maximum 1.28 gallons per flush (gpf) (4.8 L)
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Toilets

California's AB 715 law
requires that 100% of
toilets and urinals (other
than blow-out urinals) sold
or installed in California be
high efficiency.®

In addition, the law requires
that waterless urinals be

Restrooms—Ch 4

approved for sale and installation

in California. The law also requires

that any state agency adopting or proposing building
standards for plumbing systems to consider developing
building standards that would govern the use of waterless
urinals for submission to the California Building Standards
Commission. This law imposes a state-mandated

local program, and violation of the State Housing Law

is punishable as a misdemeanor. This law exclusively
applies to toilets and urinals, and no other residential or
commercial plumbing fixtures, fittings, appliances,

or equipment.

When efficient toilets were first mandated in 1994,
many manufacturers released models that had not
been adequately engineered or tested for the proper
water volume needed to achieve effective performance.
Continued improvements are subjected to improved

Flush Valve Toilet in a Commercial Bathroom

o)

il ]

rémove : A toilet ;
Models :?e“g astein a single flushm[;J,-?ft be able to
Solid waste with 5 szizgned and engineereq to ferrenm
efficient tojlets ain volume of y, i ove
of waste jn a si Pletely remove 60g
the 250-t,. Single flush, Acc . 10 1,000 grams
0-350-gram range. € Minimums are in

testing standards

for endorsement by water utilities and government
agencies. Efficienct models were proven to perform better
than older high-flush-volume toilets in 2006 by Veritec
and Koeller through its MaP Toilet Testing program”

which continues today. Some Ultra High Efficiency Toilets
(UHETs) use as little as 0.8 gallons per flush (gpf), though
the 1.28 gpf is now most common. The technology has
proven so successful that California, Colorado, the District
of Columbia, Georgia, Massachusetts, New York, Texas,
Washington, and New York City have adopted toilet
efficiency standards that require products to use no more
than 1.28 gpf. One of the benefits in installing HETs, aside
from the water saved, is less water going down the waste
stream and therefore a savings on wastewater costs.

A toilet flush can be actuated by manual mechanical
levers, push buttons, or electronic sensors. The hands-
free sensors eliminate the need for human contact with the
valve, but sometimes flush needlessly multiple times while
the toilet is still in use.

Although the primary purpose of toilets is to remove
human waste and initiate transportation to a wastewater
treatment facility, toilets in public places are often used

to dispose of other materials. Toilets for public locations
should have a glazed trap of at least two inches diameter
— the bigger the diameter, the better to prevent clogging.

Major requirements for minimizing water use in toilet
operations include:
- Flush the toilet bowl clear

= Transport waste through pipelines to the sanitary
sewer; operate reliably

- Have a leak-proof discharge valve

6 https.//www.buildinggreen.com/newsbrief/california-law-raises-efficiency-toilets-and-urinals
7 https://map-testing.com/wp-content/uploads/2022/09/MaP-Testing-Specification-Version-7-revised-April-19-2018.pdf
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Today’s high-efficiency and ultra-high efficiency toilets
(UHETs) offer a powerful flush without wasting water.

Gravity-Assist Toilets:
these toilets work by
moving water down into
the bowl from the tank
to easily move waste
down the drain. They are 3
popular because they

are inexpensive and easy 5
for plumbers and handy

homeowners to fix. These

toilets use rubber seals £
at the bottom of the tank “
called “flappers” that need

to be replaced once every

few years as water softens down the material and a
proper seal cannot be maintained. Flapper leaks can
be very quiet and very expensive if not detected. It is
recommended that these toilets be checked 3 to 4
times a year for leaks by doing a toilet dye tab test.
Also, water levels should be periodically checked, and
the water level should be 2 to 1 inch below the top of
the overflow tube.

Dual-Flush Toilets: these
models offer users a choice
based on whether you need to
flush solid or liquid waste. For
instance, a liquid waste 1st
stageflush will only use about
0.8 to 1.1 gpf, while a “full-
power” 2nd stage flush will
use 1.28-1.6 gpf, depending

on the toilet model’s efficiency Image source:
rating. The Bathroom Blueprint

Pressure-Assisted Toilets: these toilets have a
plastic tank within the ceramic porcelain tank. The
inner tank is sealed and works by using mechanical
air-pressure as the tank refills with water. When it is
flushed, that pressurized air

pushes out water with force

and flushes it down bowl and = v
the pipes. Some drawbacks ”EEZE,EEE—»mz
are that these models are
more expensive and harder ‘
to fix when they break. The

PA toilet also tends to make
some noise. When these
toilets leak, they create a
hissing noise which should
be checked immediately.

Image source: Sloan

Commercial flush valve toilets:
These toilets do not have a
tank and use pressure to
force water down the bowl.
These toilets should flush
between 3-7 seconds. If
they flush for longer than
that, it could indicate that the
flushing mechanism called

a “diaphragm” may need to
be replaced. These toilets
are the preferred model for
businesses as they don’t
have a tank that needs to

be checked. The flush time
should be 7 seconds or less.

Urinals

Urinals are made to accept liquid waste, but not
solid waste. They come in several configurations and
combinations of features:

-  Wall-mounted urinals for single-person use. These
are flushed after each use, either manually by the
user or by automatic actuator

- Wall-mounted troughs for simultaneous multiple-
person use. Intended for high use areas such as
sports venues, they are flushed continuously during
the high use period and are controlled with a valve
and timer, but not by the user

= Wall-mounted waterless urinals for single-person
use that require neither flushing nor water supply
plumbing

The potential for water savings depends upon the number
of users at a given site. Urinals are used more often than
toilets in buildings when both fixtures available. Based
upon U.S. Green Building Council numbers, urinals are

Wall-Mounted Urinals




used two to three times a day. Addition energy savings
can result from the reduced need to pump water to higher
elevations in high rise buildings for water-efficient urinals.

Showers and Baths

The average bathtub is 60 inches long, 30 inches wide
and 14 to 16 inches high. The capacity, in gallons, of an
average bathtub is about 40 to 50 gallons when full and
most people only fill it with 20 to 30 gallons as their mass
will displace the water. 10-to-15-minute shower with a 2
gallon per minute showerhead. Where plumbing code and
health officials allow, the wastewater from showers and
baths may be captured, treated, and redirected for toilet
flushing or other non-potable, non-contact uses.

The hospitality sector touts the relaxation and luxury of
infinity and whirlpool baths (approximately 90 gallons per
fill or equivalent to a 45-minute shower using a 2-gpm
showerhead). In the hospitality sector, hot water is often
circulated from a water heater, through a pipeline loop,

to the guest rooms. Unused water returns to the water
heater. This provides hot water quickly to the guest
showers/baths and reduces the water wasted while
waiting for warm water. The circulated hot water should be
placed on a timer, as this may increase energy usage.

Installing a Water Efficient Showerhead

LS
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Manually Operated Faucet with a
Water Efficient Aerator in Action

Tubs come in various sizes. Select shallower bathtubs that
have smaller water capacity. The water level will cover the
bather when immersed.

Shower heads are available with a variety of spray
patterns, water-droplet sizes, and pulsations. Both shower
and bathtub water are used and typically discharged to
sanitary wastewater. In locker rooms and similar situations,
several people may wash in a communal shower room
with multiple shower heads. Showerhead shut-off valves
can be added to maximize water savings. Installing a
shower shut-off valve works by allowing the user to “turn-
off” water while shampooing or lathering up and then
turning the water back on to rise. Showerhead shut-off
valves allow for a small amount of water to trickle through
when fully in the “off” position in order to prevent hot water
from accumulating at the front of the showerhead and
scalding when turned back on. Installation of point-of-use
hot water heaters will reduce the wait time, water and
energy usage. However, do not use point-of-use hot water
heaters on recirculating lines or at the far end of the water
line.

Excluded from this discussion are shower heads required
for emergency cleaning of personnel due to chemical and
other contamination.
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Faucets

A faucet is a device for delivering water from a plumbing
system. It can consist of the following components: spout,
handle(s), lift rod, cartridge, aerator, mixing chamber,

and water inlets. When the handle is turned on, the valve
opens and controls the water flow adjustment under any
water or temperature condition. Outdoor hand-operated
valves are known as hose bibs.

Hand-Washing Lavatories

Several types of faucets offer different flow durations and
flow rates:

- Manually operated faucets require someone to
open the valve and to close the valve

- Self-closing faucets run as long as the user holds
the handle in the open position. Once released, the
spring-loaded faucet closes itself

-> Metering faucets are actuated manually or
automatically. They deliver a preset amount of
water (some models deliver 0.25 gallons during a
5- to 10-second cycle; other models have cycles
that can be set to 45 seconds) before shutting
off. Operating conditions, such as water pressure,
temperature, and flow rate, may affect the timing
cycle. Some manufacturers provide a 5-year
warranty

- Automatic faucets sense the proximity of the user
and start the flow of water, which is maintained
while the user is within sensor range. Then the
faucet shuts itself off

- Drinking-water bubblers operate with self-closing
faucets

Aerators may be added to faucets to entrain air, reduce
splash, and reduce the water flow. An aerator is a circular
screen disk attached to the end of the faucet. Common
aerator flow rates are:

0.5 gpm (for bathrooms)

1.0 gpm (for multi-purpose sinks)

1.5 gpm (for breakrooms)

2.0 gpm (for commercial kitchens)

v ¥ v vy

2.2 gpm (for dish wash fill sinks)

Vandal- and tamper-proof aerators should be installed
in non-residential buildings. Aerators with manual flow

adjustment are available for kitchen faucets but the
proper flow should be installed at each sink. We do not
recommend aerators with manual flow adjustment. They
require behavior modification which often is not followed,
with the aerator often set at its maximum rate of flow.

An aerator separates a single flow of water into many

tiny streams which introduces the air into the water flow.
Because aerators entrain air which may contain pathogens
into the water stream, and the pathogens may reside on
the internal aerator screens, aerators should not be used
in medical facilities. California regulations prohibit aerator
use in hospitals, but laminar flow restrictors may be used
to prevent splash and reduce flow without air entrainment.
Other aerators should be replaced or at least cleaned
every few years.

In high traffic areas (more than 100 uses per day)
it is recommended aerators be replaced every 2
years.

Recommendations

Toilets and urinals

- Check flush diaphragms annually and replace
flush diaphragms every 3-5 years, depending
on traffic

Faucets

- Units with sensors should stop immediately
after hands are removed from sensor area

- Units that use push valve activation should be
calibrated to stop after 10 to 12 seconds run
time

- For public faucets, anti-tampering or
unremovable aerators are recommended. A
special key is needed to install and remove
them

<> Medical facilities: Use laminar-flow faucets
that use no more than 1.5 gpm

Bathtubs

= |If there is a bathtub spigot present to regulate
water temperature, once the shower is turned
on there should be no water coming from the
spigot. If water comes out, the diverter valve
needs to be replaced

- Use low-volume tubs where possible
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Resources

1.

10.

11.

12.

13.

14.

Appliance Standards Awareness Project 2021
https://appliance-standards.org/product/faucets#:~:text=In%202015%2C%20the %20California%20
Energy,maximum %20flow %20rate%20for%20private

California Building Standards Commission
https://www.dgs.ca.gov/BSC/Codes

California Energy Commission, California Code of Regulations Title 20, Sections 1601 Through 1608, Toilets,
Urinals, and Faucets Regulations Effective January 1, 2016.

California Energy Commission, Appliance Efficiency Regulations - Title 20
https://www.energy.ca.gov/rules-and-regulations/appliance-efficiency-regulations-title-20

California Green Building Standards Code—Part 11, Title 24, California Code of Regulations—known as
CALGreen
https://www.dgs.ca.gov/BSC/CALGreen

California Green Building Standards Code Chapter 5, Division 5.3
https://codes.iccsafe.org/content/ CAGBC2022P1/chapter-5-nonresidential-mandatory-
measures#CAGBC2022P1_Ch05_SubCh5.3_Sec5.3083

CalGreen Plumbing Fixture Requirements
https://calgreenenergyservices.com/2019/11/30/calgreen-plumbing-fixture-requirements/

California Plumbing Code 2019
https.//up.codes/viewer/california/ca-plumbing-code-2019/chapter/4/plumbing-fixtures-and-fixture-fittings#411.0
John Koeller, PE., Koeller & Company, Bill Gauley, P.Eng., Gauley Associates, Ltd., MaP Testing, Commercial
Flushometers Toilet & Urinal List Downloads - May 4, 2021

https://www.map-testing.com/downloads.html

National Conference of State Legislatures, Water-Efficient Plumbing Fixtures
https://www.ncsl.org/research/environment-and-natural-resources/water-efficient-plumbing-fixtures635433474.
aspx

Plumbing Supply.com, Showeroff® Metering Shower Systems
https://www.plumbingsupply.com/metering-shower-systems.htm/

US EPA, WaterSense Commercial Toilets Specifications

https://www.epa.gov/watersense/commercial-toilets#: ~ text=WaterSense%20labeled %20
flushometer%2Dvalve%20toilets,adequate %20flow %20to%20function %20effectively

US EPA, WaterSense, Case Studies for Commercial Buildings

https://www.epa.gov/watersense/case-studies

US Department of Energy, Energy Cost Calculator for Urinals
https://'www.energy.gov/eere/femp/energy-cost-calculator-urinals#output
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Chapter S
METERING OF INDIVIDUAL UNITS

rom a water management perspective, it makes sense
to meter a facility’s total water use and as many end
uses of water as practical. This discussion focuses on
the metering of individual dwelling units at commercial,
mixed use, and multi-family properties. Submetering
of individual end-uses such as tenant spaces allows
businesses to evaluate their usage, address leaks,
and make data-informed decisions about behavioral,
equipment, or operational changes that could result in
lower utility costs and water and energy usage. Business
owners also often need to address changing regulations
and business priorities and are increasingly focused on
engaging in sustainable business practices that lower their
environmental impact and support meeting sustainability
certification requirements.

Submetering individual multi-family residences,
commercial units, or water-intensive fixtures is beneficial to
property managers and tenants for a variety of reasons:

- Commercial water damage is one of the most
common and costly claims for businesses, yet it is
a regular exception in insurance policies. Beyond
the cost of the water itself, water damage can
affect floors, walls, ceilings, equipment, and even
foundations. Facility flooding can also damage
electrical equipment or lead to environmental
or safety hazards related to gray or black water
damage and mold, which can result in operational
downtime, repair costs, and lost revenue.

- Submeter and meter data can be integrated
into a building management system, enabling
the operator to track usage and quickly identify
where there are water-related problems that need
to be repaired. In some cases, leaks may occur
under the building foundation or in non-obvious or
observable locations.

- Submeters can be useful tools by allowing staff to
isolate sections of mainline for further investigation
by a leak detection company.

- Submetering also allows the property manager to
benchmark water use across multiple properties
and report savings to executive management
to get buy-in for efficiency projects such as
retrofitting shared water-using fixtures and targeting
water-consuming buildings to incorporate best

1 Santa Clara Valley Water District (2007, April 13) ValleyWater.org

management practices. In many cases, energy use
is directly tied to water usage, such as with hot
water devices, and water waste may also cause
energy waste. See Chapter 1, The True Cost of
Water, for more information.

- Submetering individual units/spaces at business
parks can result in better regulation of wastewater
discharges that may not otherwise be detected.

A lack of submetering may lead to unmonitored
and unregulated wastewater discharges and lost
discharge fees. Submetering individual occupants
could eliminate or reduce these issues, especially if
there is communication between the water provider
and the wastewater authority.

Submetering Basics

A primary meter (also known as a “master meter”)
measures the total amount of water consumed by an
entire property and is generally the meter a utility will

use to bill water customers. While primary meters show
total water use, they cannot indicate how much water is
consumed by each building, unit, or water-using fixture
that may be on one property, unless there is one primary
meter for each unit or water-using fixture.

A “submeter” is a secondary meter, often a non-
billing, third-party device purchased by an owner
or site manager, that is installed downstream of a
primary meter.

A submeter can provide more targeted water consumption
information such as for:

- An individual unit within a multi-family residential
structure

- An individual unit in a mixed-use residential or
commercial structure

- A water-intensive fixture such as a pool, boiler, or
cooling system

After installing a submeter, users may see a 10% - 20%
reduction in water use due to easier identification and
elimination of leaks that may otherwise go unchecked
for extended periods of time." EBMUD recommends
using "smart" submeters that can log water use history,

send alerts, or provide a remote dashboard. This water
31
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Figure 5-1: Water Submeter

Water Submeter
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The building illustrated has a primary meter
(“master meter”) that measures the total volume
of water consumed by all units. Then, submeters

measure the water consumed by each unit.

consumption information can be provided to end users
in multiple ways. While utility-managed metering data

is generally provided by the utility via bills or an online
dashboard, users installing submeters will need to
manage the submeter data in a way that best suits their
specific needs..

Submetering Multifamily Tenants

There is a wide scope of residential developments that
may want to submeter tenant water use. The list includes
duplexes, condominiums, townhouses, mobile-home
parks, and multi-unit apartments. Submetering, with billing
based upon actual water use, is much more equitable

for customers where water usage can vary significantly
among tenants. Billing water use volumetrically can
promote accountability in tenant water use, as well as
accountability for managing shared water use such as
landscapes, pools, and common spaces. Billing practices
are regulated and certified by local authorities and state
law; be sure to check with the local water utility prior to
moving to volumetric billing.

A national study on submetering and allocation
programs conducted in 2004 found 15% water
savings? and 21% indoor energy savings
associated with submetering by third-party
billing entities (non-water providers) at existing

w N

https.//www.ebmud.com/download._file/force/1310/809?submeter_report.pdf

4 https.//leginfo.legislature.ca.gov/faces/billNavClient.xhtmlI?bill__id=201520160SB7

multi-family buildings. At sites where the
occupants also had some landscaping, such as
condominiums, townhouses, and mobile-home
parks, the water savings is estimated at 20%.°

For new developments submetering may be required

by law. In California, SB-7 has required multi-family
developments seeking water service to submeter tenants
since January 1, 2018.# For those required to submeter
tenants, we recommend installing systems that provide
the end users convenient access to hourly or real-time
water use information in their space, as well as the option
to receive leak alerts.

Vendor-installed and managed submeter systems are
increasingly common for multi-family and high-rise
residential buildings. These systems are often offered

as packages that include installing meters, maintaining
meters, and billing customers. Some systems offer leak
alert notifications and water consumption read outs
installed in residential units. Submetering is often more
cost effective, in terms of water savings, when unit
occupants are also responsible for outdoor irrigation. If a
central boiler is used, individual hot water meters may be
required to measure hot water.

For existing buildings that are not submetered, the
decision to submeter is typically determined by feasibility
and the expense of installing submeters within the
development’s existing plumbing layout as well as
applicable regulations. While retrofitting existing buildings
can be expensive, the long-term costs associated with
finding and repairing leaks and mismanaged water use
can make a compelling case for investing in the upgrade.
It is possible that some buildings may be relatively
inexpensive to submeter, and some buildings may have
been intentionally designed with submeter retrofits in mind.

In submetered developments there may be some water
use that is considered ‘common’ use that typically benefits
all users — such as landscapes, pools, laundry, or cooling
systems. These water uses may or may not have their
own direct submeter and are frequently accounted for by
taking the total primary meter water use, and subtracting
all metered tenant uses.

We recommend directly submetering the
common use water sources, so that it is easier
to understand how efficiently the common water
use is being managed.

https.//calwep.org/wp-content/uploads/2021/03/Submetering-of-Multi-Family-Residential-Properties-PBMP-2005.pdf
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Submeter Selection

It is very important to select the appropriate type
and size of submeter for the uses occurring at
the desired submetering location. Undersized
water meters can cause excessive pressure
loss, reduced flow, and noise. Oversized

meters are not economical and do not
accurately measure minimal flow rates.

Work with the meter manufacturer to
select an appropriately sized submeter.

Metering of Individual Units—Ch 5

Developme

. nts g
difficulties €Xperiencing

dividing the water

It is critical to understand both the buildings and individual

units’ size, function, fixture types, usage occupancy, and
peak use to select an appropriately sized meter. These

statistics determine the minimum and maximum flow rates

and will assist in the selection of a properly sized water
meter for each unit. A brief overview of different meter
types is listed in Table 5-1 on the following pages.

For additional resources on meter selection, sizing,
maintenance, and installation, see the References and
Resource section below.

Recommendations

- Meter individual units in new apartments,

condominiums, townhouses, mobile-home parks,

and mixed-use buildings of less than four stories

- Submeter all tenant units/spaces individually,
particularly those where any of the following
applies:

- When designing the plumbing system for a multi-

family building, supply each unit with a single pipe

source for the water to facilitate individual unit
submetering.

Water consumption could exceed 500 gal/d
(0.021 L/s) for that unit/tenant

Tenant space is occupied by a commercial
laundry, cleaning operation, restaurant, food

service, medical office, dental office, laboratory,

beauty salon, or barbershop

Total building area exceeds 50,000 square feet

(4,645 square meters)
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TABLE 5-1. OVERVIEW OF DIFFERENT METER TYPES

METER
TYPE

POSITIVE
DISPLACE-
MENT

TURBINE

COMPOUND

34

PROS

Usually lower cost

Have been in
production
many years

Less sensitive

to upstream and
downstream flow
conditions

High speed accuracy

Less pressure loss
than PD meters

Easier function to
explain to customers

Have been in
production many
years

Less sensitive to
water quality

Accurate at both
high and low range

Have been in
production many
years

CONS

Can be sensitive to °
orientation

Accuracy can diminish
over time

Sensitive to water quality

Low speed inaccuracy o

Sensitive to upstream
and downstream flow
conditions °

Requires regular
calibration

Low speed inaccuracy o

Sensitive to upstream
and downstream flow
conditions

Sensitive to orientation
Usually higher cost

Potential problems with
crossover range between
PD and Turbine elements

Often has two dials
instead of one

Heavy and bulky size

Requires regular
calibration

BEST USES

For small
commercial
or institutional
applications

Most appropriate for
continuous, high-
flow applications

Not usually
recommended

for commercial,
institutional, or
residential buildings
because water flows
are in constant
fluctuation, with very
low minimum flow
rates such as from
leaks

Good choice for
large commercial or
institutional facilities
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TABLE 5-1. OVERVIEW OF DIFFERENT METER TYPES (continued)

METER
TYPE

STATIC

SINGLE/
MULTI-JET

PROS

Less frequent
calibration
requirements, if any

Higher range of
accurate flowrates

Less head loss and
less noise

Sometimes provide
Pressure and
Temperature

Compact design

Easier function to
explain to customers

Low flow accuracy
Compact design

Can be lower cost
than PD and static

Multi-jet can work
better with impurities
in water

Some can be
installed vertically

CONS BEST USES

Limited by battery life if
not replaceable battery

Past history of water
intrusion in pit settings

May be more expensive
than mechanical meters

“Black box,” difficult to
explain function to some
customers

Single jet can be
sensitive to upstream
and downstream flow
conditions

Accuracy can diminish
over time

Potential for overspin and
startup error reducing
accuracy with frequent
starts and stops
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ater used in commercial or industrial operations Ranking of Possible Measures
to manufacture a product is known as “process

water.” Much of the information in this chapter is specific
to certain products or industries. However, on the whole, 2. Modify equipment or install
increasing water conservation in industrial processes can
range from simply adjusting equipment or behaviors to use
less water, to adopting entirely new practices or processes 3. Replace with more efficient
that use little to no water at all. equipment

Good 1. Adjust equipment

water saving devices

: L Y 4. Water reuse/recycle
Beverage bottling plant conveyor belt in action

Best 5. Change to waterless process
Site Assessment

There are seven basic questions to ask about how water
is used in any industrial operation. The purpose of these
questions is to stimulate the water reduction thought
process:

1. How much? Water needs to be measured to be
properly managed

2. Where is it being used? What processes are
using water

3. When is it being used? Pay attention to “off-
hours” flows

4. Why is it being used? What is the purpose of the

This section discusses the following industries and their water usage

uses of process water: 5. Who is in charge? Who is responsible for the

design and control of water use

Food and beverages, page 41
9es, pade A1 6. Is there another way? Can any process needs

Auto repair and service, page 47 be met with less or no water

Paper manufacturing, page 48
P 9 It is also important to distinguish between water use,

water consumption, and return flow:

v v ¥y

Metal finishing, page 50

This chapter will not cover opportunities to save water

by using efficient plumbing fixtures [link to chapter] and
irrigation systems [link to chapter], since these are covered
elsewhere.

- Use means the total water purchased or
withdrawn from a fresh or saline body of water or
from a well

- Consumption refers to water that is included in
the product, evaporated, or otherwise not returned

General Discussion as an effluent from the facility

All industrial operations use water in a wide variety of - Return flow refers to water that is returned to
ways. However, the opportunities to reduce water use either a wastewater facility or made available for
in any operation can be analyzed by using the following additional reuse by another entity such as a farm
ranking of possible measures. All will result in water for crop irrigation.

savings, but savings are increased as one moves down
the list.
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The following figure shows that the amount of water
consumed in various types of industrial and commercial
operations can vary considerably:

Figure 6-1: Range of Consumptive Use
in Industrial Operations

Irrigation [ ]

Boiler | ‘ ‘

Process | |
Cooling tower | l
Process cleaning

Sanitation
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Source: HW (Bill) Hoffman & Associates, LLC — independent research.

Industrial uses of water in manufacturing or building
maintenance processes can vary significantly, but
generally fall into the following categories:

1. Manufacturing process
a. Inclusion in product
b. Equipment cleaning
c. Process cooling

Refrigeration cooling
Employee sanitation
Air pollution/dust control

Area wash-down

O T A

Miscellaneous uses

Figure 6-2: Typical Industrial Water Use Breakdown
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Figure 6-2 shows how water has historically been used in
industrial settings. Cooling water, boiler water and process
water are the major uses.

Water savings considerations for the industrial
operations listed above will be discussed in detail.
Two case studies are described here; in many cases,
implementing measures like these can have almost
instantaneous payback.

- A simple example is from a factory
manufacturing windshield wiper blades. One
of the manufacturing steps included running
the rubber through a strong chorine solution.
This process involved a makeup water flow of
eight gallons per minute to the process tank.
To remove chlorine fumes generated from this
process tank, a flow of approximately eight
additional gallons per minute was needed. By
using the scrubber water from chlorine fume
removal as the makeup water for the process
tank, the facility cut water use in half at almost
zero cost to implement.

-> Another major water user is single pass
cooling water for pumps. A brewing operation
in EBMUD’s service area, Drakes Brewing
Company, previously used a vacuum pump
on their bottling line that required water for
cooling. After hearing about the EBMUD rebate
for engineered water reduction solutions,
Drake’s created a closed loop cooling
system. The new system reduced water for
that particular process by 99% and reduced
overall usage in that department by 38%. Info
provided by Hal McConnellogue of Drake's.

Beginning with the US Environmental Protection
Agency Clean Water Act in 1970’s, industrial

water use has been dropping steadily despite
manufacturing increasing or remaining constant.’
The first major decrease in water use was due to the
new requirements for industry to treat wastewater

to acceptable limits. Further reductions have been
the result of higher water costs and other factors
encouraging more efficient water use.

The cost of water has also been increasing faster
that the consumer price index and the cost of energy.
These cost increases have also been a driving factor
in the reduction in industrial water use.


https://www.macrotrends.net/2583/industrial-production-historical-chart

Figure 6-3: Self-Supplied Industrial
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Technological Advances

There have been many recent technological advances
allowing ClI users to decrease their process water use.
Three of these advances are internal recirculation and
reuse, zero liquid discharge processes, and process
control and monitoring

- Internal recirculation and reuse — One of
the most cost-effective ways to reduce water
and wastewater costs. For more details, please
see [link to Alternative On-Site chapter]. Some
examples of on-site sources of water for reuse
include:

Air conditioner condensate

Air pollution scrubber water
Cooling tower blowdown

Equipment wash water

Foundation drain water

Graywater

On-site treated wastewater systems
Process water

Rainwater harvesting

Reverse osmosis (RO) and Nandfiltration (NF)
reject water

Stormwater harvesting
Swimming pool filter backwash water

- Process control & monitoring — Improved
process control and monitoring has allowed

2 https://pubs.acs.org/doi/10.1021/acs.est.6b071000
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significant reduction in water that once was wasted
due to lack monitoring data. One example is in the
operation of cooling towers. Conductivity and pH
controllers, as well as flowmeters on the make-up
and blowdown lines, allow for fine control of water
chemistry and usage. Wifi-enabled models and

a data aggregation platform are recommended

in tandem for ease of monitoring, setting up

alerts, and more. Prior to the wide usage of these
technologies, water quality testing and water

use tracking was less frequent. This resulted in
cooling tower chemistry being programmed for

a “worst case scenario” setting of the cycles of
concentration, or in the case of an equipment
malfunction such as a stuck float valve.

Zero Liquid Discharge — Most commonly used
in wastewater processing, this practice recovers all
wastewater and concentrates dissolved minerals
and chemicals to be recovered in a solid form.
This method offers significant reduction in other
wastes since much of the solids recovered have a
marketable value. However, these systems can be
energy intensive and come with a hefty price tag.?

Food and Beverage
Processing

Before beginning this discussion of water conservation

in food processing, one should remember that health

and sanitation are overriding concerns. All actions to
reduce water use must be measured against this primary
consideration. The food and beverage processing industry
includes a wide range of products and manufacturing
processes:

v ¥ bbb

2RV R 4

Bakery/pastry shops
Breweries

Canneries

Dairy food processors
Frozen food producers

Grocery stores and restaurants that produce food
products for sale

Industrial bakeries

Meat, fish, and poultry processing
Snack food manufacturers

Soft drink and juice manufacturers

Wineries
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Figure 6-4: Average Industrial Water and Sewer
Costs per Month (10 Million Gallons)
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Source: https://webassets.bv.com/2019-10/50_Largest_
Cities_Rate_Survey_2018_2019_Report.pdf

For each manufacturing process, it is important to
consider all instances of water use throughout to identify
savings opportunities. The quality and purity of the water is
of primary concern since it is used to make products that
will be consumed. In addition to being a key production
ingredient, water is also used to clean and sanitize floors,
processing equipment, containers, vessels, and raw food
products prior to their processing. Hot water, steam,
cooling, and refrigeration also require source water.

Designing and building a food and beverage processing
facility that has a reduced requirement for water includes:

1. Designing the facility for ease of cleaning

2. Providing adequate metering, submetering, and
process control

3. Taking advantage of dry methods for cleanup and
transport

4. Using product- and byproduct-recovery systems
Incorporating water reuse and recycling

Designing for minimal or no water use

End-Use Example: Soft Drink
Manufacturing

Because of the complicated and highly varied nature of
the food and beverage manufacturing industry, providing
a simple guide to water efficiency that covers all types
of facilities is not possible. This section will instead use
soft drink manufacturing as a general example; much of
the advice herein can also be applied to other types of
Processes.

The following example illustrates ways water can be used
in the soft drink industry. Potable water is first treated to
soften it and, if needed, to remove additional minerals. It

is chilled and blended with flavorings and sweeteners,
then carbonated. Cans or bottles are filled and
sealed, then rinsed and sent through a warming bath
to avoid creating condensate in the open air and
ensure they are dry before packing.

The major water using processes in soft drink
creation are:

- Water softening, which requires periodic filter
backwash
-> Water included in the product
- Water to clean and rinse cans
- Water to warm cans after processing
= Water sprayed on the conveyor line as a lubricant

Water to operate cooling towers for refrigeration
equipment and boilers for heat

->  Water to sanitize and clean the plant and vessels

->  Water for employee sanitation, irrigation, etc.

Figure 6-5: Carbonated Soft Drink Manufacturing
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Source: https://www.usgs.gov/media/images/self-
supplied-industrial-withdrawals-1950-2015

Major Water Using Activities

Top water intensive processes in the food and beverage
manufacturing sector are described below, along with
examples from specific industries where appropriate.

Cleaning and Sanitation

Information on floor cleaning and the cleaning of outdoor
areas is found in all sectors [link “Food Service” chapter].
Dry cleanup, preventing spills by controlling processing
equipment and leaks, and proper storage and handling
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of ingredients all reduce water needed for

cleaning Brewery tanks

ke = o [

For example, breweries are one type

of beverage manufacturing that use a

large percentage of their total water for
various cleaning processes. The Brewers
Association, which publishes benchmarking
data from craft breweries of all sizes, shows
that breweries use, at best, 25% of their
total water usage for the product.® A brewing
company in EBMUD’s service area, Drake’s
Brewing, uses 20% and even smaller
breweries only use 6-13%, with the lion's
share of water use dedicated instead to
cleaning and related processes.

il
d
—

Two solutions for water use reduction in
brewery cleaning is burst rinsing, a type

of Clean In Place (CIP) methodology, and
metered rinsing.* Burst rinsing includes an
initial water rinse, followed by a series of
caustic and acid washes, an intermediate
water rinse, and a final hot water or sanitizer
disinfection rinse. If multiple tanks are present, the acid
and caustic washes can also be reused.® Metered rinsing
involves using mechanical or electric timers to start and
stop rinsing procedures to eliminate behavioral bad Installing solenoid valves to shut off water when
practices. equipment stops

Using flumes with parabolic cross sections
Providing surge tanks to avoid water loss

Including float control valves on makeup lines

v o d

Th d icp - Using vibration and air to help clear fruit and
ermodynamic Frocesses vegetables of debris and dirt before fluming or

Another common use of water is in the production washing

of steam and hot water. Steam sterilization and - Can cooling water for first flush

pasteurization are most common examples of these
thermodynamic processes. Metering and submetering
[See Chapter 5] are important in understanding how much
water is used in each process or type of equipment.
Proper process controls are essential to managing water
and energy use.

- Installing electronic monitoring equipment to
manage the process

- Installing systems to treat and reuse water

All these techniques can reduce the need for water, but
changing the process has even more potential:

Transportation and Cleaning of Food Products > Replace fluming with conveyor belts, pneumatic

systems, or other dry techniques to move food

Some food processing facilities will use flumes (open
products

channels or chutes carrying a stream of water) to transport
and clean produce. Water is also used in the cleaning

and processing of meat, poultry, and fish. Common water
conservation techniques begin with reducing water use by:

Install sprays to wash food
Use mechanical disks and brushes
Install counter-flow washing systems

- Recycling transport water Control sprays on belts

v o v v

- Adjusting design of flumes to minimize water use Control process equipment to reduce waste

3 https://www.brewersassociation.org/the-new-brewer/jan-feb-2020/
4 https://www.brewersassociation.org/seminars/clean-up-your-act-safe-cip-practices/
5 https://brewerycleaners.com/wp-content/uploads/2019/02/CleaningSystemfForBreweries.pdf
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Larger equipmen place. A clean-in-

st be cleaned in :
mua\\ows such large eqmpm\?ts O an
carefully controlling the facl

Grocery stores and smaller bakeries should follow
good food service sector washing practices for meats,
fruits, vegetables, and other food products before final
packaging. Further, ensure that all water using process
equipment has proper level and flow controls.®

As an example, a Minnesota vegetable-processing firm
reduced water use for conveying corn by 20 percent,
or 1,000 gpd, just by employing proper controls and
recycling 20 percent of the water in the flumes.’

Equipment Cleaning

Equipment to be cleaned ranges from large process
facilities and equipment to the hand-held equipment and
cooking utensils found in smaller bakeries and grocery
stores. Smaller utensils should be washed following the
ware-washing considerations found in Chapter 9, Food
Service Operations.

Choices of procedures for cleaning equipment can yield
multiple advantages include:

Product recovery

Reduced wastewater loading

Reduced water use

Reduced chemical use

v v v v d

Reduced energy use

Good design and layout of equipment are essential to
easy cleaning:

-> Design equipment that minimizes spills, leaks, and
residual product that must be removed before
cleaning

- For closed systems such as tanks and piping,
eliminate “low spots” so equipment can easily and
completely drain

-> Provide easy access to all areas of the equipment
that must be cleaned

san'\t‘\zed
t to be d chemical use-

embled easily
olace (CIP) syste™

while also

- Select materials and surfaces that are easily
cleaned

- Change procedures to reduce the need for
cleaning

CIP methods range from flooding the equipment with

hot water, detergent, and chemicals, to dry cleaning. Dry
cleaning as a first step is essential for saving water, since
it reduces the water needed in the wet cleaning phase,
sometimes eliminating it completely. Dry cleaning includes:

- Removing and storing as much otherwise-wasted
product as possible

- Scraping equipment and vessels to remove as
much waste as possible

- Using dry brushes, cloths, and paper towels to
remove waste

- Using wet towels

Dry cleaning can be labor intensive, but the
labor costs are offset by the potential to recover
product, reduce pollution loading, and potentially
clean equipment more thoroughly. It also allows
employees to closely examine equipment and
discover possible mechanical problems at an
early stage.

For open equipment such as mixers, extrusion and
molding equipment, or conveyor belts, cleaning should
start with the physical removal of residual materials and
then be followed by wet washing. Install and locate
drains and sumps so water and wastes enter quickly to
prevent the use of a hose as a broom. Four water efficient
principles of wet cleaning are:

- Use targeted small volumes of water, instead of
one large volume at once
-> Use high pressure, low volume sprays

Install shutoffs on all cleaning equipment

¥

Use detergents and sanitizing chemicals that are
easily removed with minimal water use

For closed vessels like pipes and delivery tubs, cleaning

6 Costello, Jim. Spring 2001. “Brewing Up Prevention Ideas.” Newsletter. University of Minnesota Technical Assistance Program.

7 North Carolina Department of Environment and Natural Resources, Division of Pollution Prevention. August
1998. Water Efficiency Manual for Commercial, Industrial, and Institutional Facilities.
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techniques are very different.
They require “Clean in Place”
(CIP) and “Sanitize in Place”
(SIP) methods. Before
cleaning a process piping
system, it is essential to
remove as much of the
product as possible. At

its simplest, this involves

draining the tank or piping

system. Designing the piping

to eliminate low spots that can

trap product is a major aid in this process. Following

this, several methods can be employed to remove extra
product and clean the vessel and piping. For piping, three
methods find common use, including:

- Slug rinsing
- Air blowing
- Pigging

Clean-in-place (CIP) systems are found throughout

the food and beverage industry. As an example, dairy
processing facilities typically use a five-step process as
outlined below:

. Caustic Wash Intermediate . . Sanitizing
Pre-rinse Final Rinse

(140°-185°F) Rinse Rinse

Water is cascaded from one type of wash or rinse to
the next phase. For example, caustic wash water which
also contains detergents is used for pre-rinse water, the
intermediate rinse water is used to make up the caustic
wash water, the final rinse water can be used for the
intermediate rinse, etc. Final rinse water is always very
clean water, potable water or in some cases water that
has been treated with reverse osmosis. As this shows,
CIP water is used many times in the process, thus
conserving water.

Pigging

is a process in which

a flexible rubber or plastic projectile is forced
through a pipe to push the product out. In Europe
a technique using “ice pigging” has recently been
developed that uses ice slurry. The pig is forced
through the pipe with air, water, or cleaning
fluids. CIP systems can also be designed to reuse
water and chemicals, if product safety allows.

CIP Equipment at a Dairy Processing Facility

Image source: HW (Bill) Hoffman & Associates, LLC

For vessels, a ball that sprays water in all directions has
historically been employed for washing. Replacing that
with a high-pressure, low volume rotating spray that
washes product down the sides can reduce the amount
of water needed. In many cases, this dilute first rinse can
be captured and product recovered. In the dairy industry,
pasteurization tanks must be filled with hot water after
cleaning to pre-pasteurize the vessels. This water is often
captured and reused as wash water for other CIP needs,
thus saving both water and energy, since the water is
already hot.

8 http.//www.mntap.umn.edu/wp-content/uploads/simple-file-list/Water/Water-Conservation-Tips.pdf
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Vessel, barrel, and cask-cleaning water can also be used
for irrigation in the wine industry and, to some extent, in
the brewing and vegetable and fruit processing industries.
The use of this water for irrigation also removes solids
and biological oxygen demand from the waste stream
and places it where it can be an asset to growing plant
material.

Container (Bottles, Cans, Cartons, etc.) Cleaning

Cleaning bottles, cans, and containers prior to filling is
common throughout the food and beverage industry.

For returnable bottles, the use of air bursts to remove
lose debris and materials and the reuse of water from

can warming and other operations are common ways to
reduce water use. Other methods include use of pressure
sprays and steam instead of high volumes of hot water to
clean containers.

One brewery recovered the bottle wash water and used
it for washing the crates in which the bottles are placed.
This saved more than 4,500 gallons of water a day
(Hagler).

Cleaning cans, bottles, and containers after they have
been filled offers other opportunities. Some spillage and
overfilling are inevitable, but with proper equipment control
this can be minimized. Reducing water use to a minimum
and passing the wash water through nanofiltration can
recover both the sugars and product for use as animal
feed or for growing yeast, while the water is cleaned and
made available for additional reuse.

Additional water savings techniques:

- Reuse pump seal wastewater or other available
sources for washing crates and pallets

- Use self-closing valves and automatic sensors to
only allow sprays when items are passing spray
nozzle

-> Use ozone as a sanitizing agent instead of steam
or hot water

Lubricating Can and Bottle Conveyor Belts

One of the most unusual uses of water in the food and
beverage industry is as a lubricant for conveyor belts that
move cans and bottles, so they can “slip” easily on the
high-speed conveyor belts and not tip over. This water is
softened and mixed with biocides and soaps before it is
sprayed onto the conveyors. Many attempts have been
made to use dry lubrication systems or find other ways to

Beverage Bottling Plant Conveyor Belt in Action

move the cans and bottles at the high speeds needed in
modern operations, but the use of water as a lubricant
remains the standard for the industry. Many have been
able to reduce water use or even capture and recover belt
lubricant water. In Australia, eight Cadbury Schweppes
plants tested dry lubricant conveyor systems®. For now,
ensuring that the spray nozzles are properly sized, well
aligned, and equipped with automatic shutoffs is the best
that can be done.

Can and Bottle Warming and Cooling

Water is often used in cooling or heating cans as a heat-
transfer agent. This water remains relatively clean and is an
excellent source of water for reuse. Water is used to cool
cans after they have been removed from pressure cookers
in the canning process. In most cases this water is cooled
in a cooling tower or a refrigeration unit that employs a
cooling tower in the process.

In the warming process, cans and bottles that have been
filled with cold liquids are heated so condensate does not
form on them, and they dry more quickly before packing.
These operations offer significant opportunities for reuse
for almost all the other water needs in the operation,
except where potable quality is required by regulation.
Please see [Alternate On-Site Water chapter] for more
details.

9 https://water360.com.au/wp-content/uploads/2022/10/1132-installation-of-waterless-conveyer-technology-final-report.pdf
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Recommendations

-> Require that new facilities provide a list of possible
areas of water recovery and reuse

- Require that all major water-using areas be
separately metered

- Consider using telemetry to track real-time usage

- Require automatic shutoff and solenoid valves
on all hoses and water-using equipment, where
applicable

= Incorporate routine inspection for leaks,
identification of leaks and leak repair in normal
operation

-> Monitor daily water use to track unexplained
increases in use.

- Use low volume high pressure cleaning

¥

Develop a procedure for facilities to self-audit

- Use pigging (using mechanical devices to perform
pipeline or tubing maintenance operations), air
blowing, or slug washing as part of CIP systems for
process pipes

- Use floor cleaning and vacuum machines where
possible

- Minimize the use of water-lubricated conveyor belts

= Minimize the need to use a hose as a broom
by installing drains close to areas where liquid
discharges are expected

- Provide pressure-washing equipment in place of
washdown hoses

- Utilize reverse osmosis and nanofiltration to
increase water reuse

- Engage employees in water conservation efforts
and audits

- Use vibration and air to help remove dirt and debris
prior to washing

Design principles
- Design the facility for ease of cleaning

- Provide adequate metering, submetering, and
process control

- Take advantage of dry methods for cleanup and
transport

- Use product and byproduct recovery systems
- Incorporate water reuse and recycling

-> Design for minimal or no water use
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Automotive Services

The automotive service and repair industry is one of the
most ubiquitous types of commercial enterprises in any
city. Establishments include:

Service stations

Oil change/lubrication

Body repair

Tune-up shops

Full-service repair shops

Fleet maintenance

R USRS R 4

Tire service

The design of a water efficient shop depends to some
extent upon the type of service offered. New air quality
regulations'® have also meant that shops have switched
from solvent based parts and brake cleaning systems to
aqueous based systems. Floor cleaning with dry methods,
preventing spills and leaks from entering the wastewater
discharge system, and the proper design of oil separators
have as much to do with pollution prevention as they do
with water conservation.

Three areas of operation offer both reduced water use and
pollution loading possibilities:

-> Proper design of aqueous parts and brake cleaning

- Pollution prevention and water use reduction in
shop floor cleaning

- Proper handling of spent fluids and oils
Aqueous Cleaning Equipment

The development of aqueous parts and brake cleaning
equipment has been driven by air quality requirements.
Such systems can employ filtration for sludge removal
and oil skimming. By filter cleaning water used during this
cleaning process, it can be recycled, thus saving on total
water use.

Floor Cleaning

Keeping floors clean in the first place reduces the need for
frequent washing.

- Install secondary containers under fluids-storage
containers to catch leaks and using drip plans
under vehicles being worked on

- Use dry cleanup with hydrophobic mops for ail
and using absorbent materials (kitty litter, rice hulls,

10 https.//ww2.arb.ca.gov/sites/default/files/classic/technology-clearinghouse/rules/RulelD276.pdf
https://www.baagmd.gov/~/media/files/compliance-and-enforcement/tips-and-faq/compliancetips_reg8_16_102104.pdf
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Table 6-1: Virgin Fiber vs Recycled Copy Paper

1 Ton Virgin
Fiber Paper
Trees 24 trees
Energy 33 million BTUs
GHG released -
CO2 equivalent 5,601 Ibs
Wastewater 22,853 gall
Solid waste 1,922 Ibs

Environmental
Savings from
Recycled Content

1 Ton 100%
Recycled Paper

0 trees 100%

22 million BTUs 33%
3,533 Ibs 37%
11635 gal 49%
1,171 lbs 39%

Source: Pulp and paper mills have significant recycling of process water opportunities,
https://samcotech.com/reduce-water-usage-in-pulp-and-paper-industry/

pads, rags, pillows, and mats) to clean up spills

- Seal floors with an epoxy material, which
significantly aids in cleanup and prevents oils and
liquids from penetrating concrete floors

- Provide floor cleaning equipment that scrubs and
vacuums up its own water

- Eliminate the use of open hoses for cleanup and
using pressure-washing equipment infrequently
and for major cleanup events only

- Mark drains clearly to ensure that floor drains are
clearly differentiated from storm drains and all floor
drains are connected to an oil separator

Handling of Spent Fluids

Recovery and recycling of radiator flush water both saves
water and reduces pollution loading. Using storage vessels
designed to hold spent antifreeze and other fluids, such

as oil and transmission fluid, both eliminates the need to
clean and flush these fluids down a drain and is required
as part of modern pollution control methods. Water use in
facilities that recycle radiator flush water has been shown
to be less than 10 percent of water use in non-recycling
facilities (San Antonio Water System).

Recommendations

- Require new facilities to provide secondary
containers to catch drips, leaks, and spills from
stored liquids and solvents

-> Require shop floors to be sealed to ensure easy
cleanup

- Require automatic shutoff and solenoid valves
on all hoses and water-using equipment, where
applicable

- Require agueous parts- and brake-cleaning
equipment to employ recirculating filtration to
minimize the need to dump water

-> Require all drains to be properly identified

-> Have proper facilities for the capture, storage, and
recycling of spent fluids, oils, and fuels, including
antifreeze and radiator flush-water

- Have pressure-washing equipment available

- Have drip pans available at workstations to place
under vehicles

Paper Manufacturing

Paper manufacturing ranges from making paper from
trees to manufacturing converted paper products, such
as paper containers, cups, boxes, bags, coated paper,
envelopes, and stationery products. The focus of this
discussion is the creation of paper products.

Producing paper from pulpwood or other fiber sources is
the first step in the process. It is also the most water and
energy intensive stage in the life of a paper product.

An average of six gallons of water are used to
make one pound of paper."

11 https:.//www.sierraclub.org/sierra/2015-1-january-february/ask-mr-green/hey-mr-green-what-about-all-water-it-takes-make-paper
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Paper and Pulp Mill

e

B

Recycling paper and cardboard products cuts this energy
and water use in half.'? According to Conservatree,

an organization that promotes paper recycling, most
repulping for recycled paper is done at pulp and paper
mills, or in special facilities that manufacture products
such as cellulose insulation or pulp products such as egg
cartons.

Pulp and paper mills use mixture of virgin and recycled
pulp, the latter of which is rapidly becoming the most
common source of paper and cardboard stock for
commercial converted products. Most paper pulp

is destined for the printing industry (California EPA).
Examples of finished products include cardboard tubes,
roofing paper, corrugated boxes, paper bags, tissue and
toweling, folded boxes, cellulose padding, stationery and
envelopes, and paper cups and liquid containers.

During the initial manufacturing process, wood pulp is
suspended in water. Depending on the end use of the
pulp, bleaching and further refining processes can occur.
These processes produce a wastewater that must be
treated. The pulp is then washed several times to remove
lignin and other products from the wood as well as pulping
chemicals. Many water recovery processes are available
to the pulp and paper industry, from conventional physical
and chemical treatment to membrane biological reactors
and reverse osmosis systems

Process Water—Ch 6

Sourcing recycled paper eliminates the water
and energy intensive raw material pulping
stage of the production process. During
paper recycling, scrap paper is shredded and
put into a hydro-pulper. The pulp is washed
to remove ink and dirt and then remade into
new paper products. A 2012 publication,
Paperwork: Comparing Recycled to Virgin
Paper, provides a detailed comparison

of resources used to produce virgin and
recycled paper.

The manufacture of products from recycled
paper, cardboard stock, or dry pulp
represents the types of paper manufacturing
operations found in most urban areas, which
most commonly involve:

Cutting and folding
Gluing
Coating

v v

Printing

Cutting and folding, along with the handling of
paper stock and products, is principally a dry
process. Floor cleaning should follow principles

outlined in the section on Cleaning and Sanitation. The last
three of these operations involve wet or solvent cleaning
of some type. The advent of water-soluble paints and inks
has reduced volatile-organic-compound (VOC) emissions,
but the use of water as a cleaning agent is more prevalent.
The same principles used in cleaning equipment in the
food and beverage processing industry apply here, with
the addition of solvent cleaning, which is still used in many
non-agqueous printing processes.

Recommendations
Manufacturing of Recycled-paper Products
- Properly remove as much waste product as

possible by pouring and storing for future use

- Scrape equipment and vessels to remove as
much waste as possible

- Use dry brushes, cloths, and paper towels to
remove waste

- Use wet towels or solvent-soaked towels
- Apply water or solvent only to areas to be cleaned

12 https://www.stopwaste.org/sites/default/files/Documents/1030136122004paperfactsheet.pdf
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Printing Operations (including flexography,
gravure, screen-printing, lithography, and digital
processing)
- Design the layout of equipment for easy access
- Ensure that ink containers are easily sealed

- Provide non-drying aerosol sprays to keep ink
fountains from drying overnight

- Ensure that presses have proper controls, such
as automatic ink levelers

Metal Finishing

The metal finishing industry offers many opportunities to
reduce both water use and pollution abatement costs.
The plating and anodizing processes involve a multi tank,
multi-step process. Water saving practices include:
Drag-out control

Good tank design

Efficient rinse practices

Process controls and meters

Chemical recovery

2R /R R\ A

Good exhaust-hood design

As with all industrial and commercial operations, efficient
cleaning methods are key practices that will result in
reduced water use.

Description of End Use

The classic example for the metal-finishing industry
was once the plating of car bumpers (when chrome car
bumpers were still manufactured). In the present-day,
chrome, zinc, copper, tin, nickel, gold, and silver are
among the more common metals plated onto objects.
In some processes objects are plated with two layers
of metals, such as an under layer of copper followed by
chrome.

In one common process, parts to be plated are moved
sequentially from a treatment tank to a rinse or wash tank
to another treatment tank to another rinse tank, until the

desired number of plating steps have been accomplished.

Water is used for the following process purposes:
Chemical and plating solution make-up
Rinsing

Fume-hood scrubbing

v v

Equipment cleaning

Typical Metal Plating Sequence

Bath to remove residual oil and dirt

Rust or oxidation removal
Plating bath immersian, typically electrified

Parts washing

Parts hung from specially designed racks or in
perforated baskets

As chemicals from one step build up in the following
rinsing tanks or contaminate the process chemicals, water
must be replaced. Fumes produced from all the tanks,
and the acid (pickling) and plating processes in particular,
must be safely removed with fume hoods which then pass
this contaminated air to scrubber systems to prevent air
pollution.

Recommendations

Drag-out control
(Tank-to-tank liquid recovery)

-> Design racks, baskets, and barrels so parts drain
and do not retain liquids

¥

Use sprays in place of dipping parts

v

Use turning, tilting, and “bumping” to remove
excess liquid

v

Using air knifes, fogs or misting to remove solution

v

Use drip or drain boards to collect and drain liquids
back into the source tank

v

Install drip guards between tanks

¥

Allow parts to remain over the tank for a few
seconds (dwell time)

Vibrate parts to knock liquid off

Ensure parts are pointed down for efficient
drainage

- Wash or blow contaminants back into process or
dead tanks using fogs, sprays, or air knives

- Use wetting agents

Using chemicals or heat to reduce plating-
solution viscosity

-> Operate the solutions at minimum possible
concentration



Tank Design Methods
(Good design reduces water use or allows for
better reuse and recovery of metals)

- Use air or mechanical agitation to promote mixing
and good contact

- Hard plumb all piping so hoses cannot be left on
inadvertently

- Prevent short-circuiting of fluids

- Size tanks to the minimum for the pieces to be
plated

- Segregate waste streams so both metals and
water can be recovered more easily

Rinsing Methods
(Efficient rinsing saves water and chemicals, and
reduces associated wastewater costs)

- Use sprays on flat pieces of metal

- Employ counter-current rinsing, where the piece
is rinsed in successively less concentrated tanks,
with the water from the first tank being used as
feed for the second, and so on

- Employ reactive rinsing, where the rinse water
from the final tank is used for the pickle-rinse
tank and the pickle-rinse tank water is used as
feed to make up the alkaline-rinse tank (see figure
following)

- Use air agitation in the tanks
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Flow and Process Control

9

Install conductivity controllers to discharge
water only if the chemicals have become too
concentrated

Meter makeup water for good process control
and to identify problems

Use flow restrictors to limit the amount of water
being added

Chemical and Water Recovery

Filter plating fluid to remove suspended matter

Use membrane technology to recover metals and
water

Use reverse osmosis (RO) or deionization for the
feed water for both rinse and process-fluid tanks
to reduce interference from other ions

Regenerate spent acids

Use RO-reject water for cleanup around, but not
in, the tanks

Exhaust Hood Design

Recirculate scrubber liquid

Use scrubber water above plating tanks as make-
up water for that process

Use RO-reject water or similar reject streams as
make-up water for scrubbers for which scrubber
effluent will not be reused
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Chapter 7
ALTERNATE ONSITE
WATER SOURCES

any commercial and industrial

facilities have the potential to reuse
onsite wastewater streams in non-potable
applications within their operations and
production processes. Such end uses can
include toilet flushing, irrigation, cooling
tower makeup water, and more. This chapter
provides definitions for different categories of
reusable wastewater, a summary of relevant
regulations, and examples of possible
sources.

This chapter does not cover the onsite
treatment of blackwater, or treated municipal
wastewater reuse, including direct potable
reuse. To learn more about the onsite
treatment of blackwater, consult the San
Francisco Public Utility Commission's
excellent resource, Onsite Water Reuse
Program Guidebook. To learn about
EBMUD'’s recycled water programs for
commercial and industrial customers, visit
the recycled water information portal. For
information on California’s Direct Potable
Reuse regulations, in effect as of October
1st, 2024, visit the California State Water
Board’s website.

Alternative sources of water covered in this
guide:

- Graywater - untreated wastewater not

Potential Sources of Alternate Onsite Water Sources

Wastewater from
toilets, dishwashers, i)
kitchen sinks and s &: /"

utility sinks L
Precipitation

collected from
roofs and above-

[ [l grade surfaces
"] ]
b ®
Wastewater from " = Precipitation
clothes washers, Y " il
bathtubs, showers i s at or below STORMWATER
and bathroom sinks |, B grade
b ®
GRAYEATER L] ] i ~
e I %

‘_—- FOUNDATION

DHAINAGE

Nuisance groundwater from
dewatering operations

Image source: San Francisco Public Utility Commission

- Chemical mixing water

-> Defrosting of refrigeration coils

contaminated by high levels of biological solids, or

toilet discharge or infection

- Rainwater - typically collected from roofs

- Stormwater - rainwater that has come into

contact with the ground

- Foundation drain water — groundwater

interacting with the built environment
- Cooling tower blowdown

- Air conditioner condensate

Other sources not covered can include:

- Equipment cleaning water such as:
Shipment containers and crates flush-out
Gutter and sewer flushing
Fluming, washing of fruits and vegetables

Makeup water for conveyor lubrication systems

Overview

The initial step in determining the reuse potential for an
alternate water source is to identify the requirements,
such as water quality regulations, that the alternate water

- Blackwater — untreated wastewater from toilets, source will need to meet for the desired end use. Where

kitchen sinks, dishwashers, and utility sinks

- Swimming pool drain water

an end use requires a very high-quality source water,
the reused wastewater will require additional treatment
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https://www.sfpuc.gov/sites/default/files/documents/OnsiteWaterReuseGuidebook2020.pdf
https://www.sfpuc.gov/sites/default/files/documents/OnsiteWaterReuseGuidebook2020.pdf
https://mcas-proxyweb.mcas-gov.ms/certificate-checker?login=false&originalUrl=https%3A%2F%2Fwww.ebmud.com.mcas-gov.ms%2Fwater%2Frecycled-water%3FMcasTsid%3D15600&McasCSRF=2b5e507312ae247a6e231940c15ab5fdd78445924034675559bad356bafe89c8&McasTsid=20892
https://mcas-proxyweb.mcas-gov.ms/certificate-checker?login=false&originalUrl=https%3A%2F%2Fwww.waterboards.ca.gov.mcas-gov.ms%2Fdrinking_water%2Fcertlic%2Fdrinkingwater%2Fdirect_potable_reuse.html%3FMcasTsid%3D15600&McasCSRF=2b5e507312ae247a6e231940c15ab5fdd78445924034675559bad356bafe89c8&McasTsid=20892
https://mcas-proxyweb.mcas-gov.ms/certificate-checker?login=false&originalUrl=https%3A%2F%2Fwww.waterboards.ca.gov.mcas-gov.ms%2Fdrinking_water%2Fcertlic%2Fdrinkingwater%2Fdirect_potable_reuse.html%3FMcasTsid%3D15600&McasCSRF=2b5e507312ae247a6e231940c15ab5fdd78445924034675559bad356bafe89c8&McasTsid=20892
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Table 7-1: Treatment types per end us water quality needs

Source Filtration Sedimentation
Rainwater D D
Stormwater T D
Air conditioner
condensate
Pool filter
backwash U =
Cooling tower
blowdown - D
RO & NF
reject water
Graywater T D
On-site
wastewater T T
treatment
Foundation
. D
drain water

T = treatment likely needed
D = treatment depends on use

to remove contaminants or constituents. Removing
contaminants for specialized end use is standard
procedure; even potable water needs to be treated for
certain industrial processes. The next step is to verify that
the desired volume of end-use water demand can be
consistently and reliably met by the identified alternative
onsite source.

General water quality and treatment considerations for
use of alternate sources are summarized in Tables 7-1
and 7-2.

Each section below provides criteria for evaluating

a potential onsite water supply and includes basic
considerations for system design. However, due to the
site-specific nature of both non-potable water demand
and potential supply, these are necessarily broad. A latter
section discusses some general design considerations for
the coordinated use of surface water and groundwater.

Other
Considerations

Biological

Disinfection Treatment

May be used for
D irrigation w/out
additional treatment

For non-potable
use only

T Segregate coil
cleaning water

May have high TDS
and chlorine levels

T Consider TDS
monitoring

Consider TDS
monitoring

Per CA regs, cannot
be stored >24 hrs
without treatment.

Subsurface drip requires
the least treatment

Biologically unstable
for long periods of
storage unless treated

D May be hard if in
alakaline soils

Source: HW (Bill) Hoffman & Associates, LL.C

Onsite reuse design and evaluation considerations include:

- ldentifying possible uses for wastewater streams

- Matching water quality of source water to type of
end use

- Choosing water treatment type, if needed

- Determining reliability/regularity of the non-potable
source

Due to the widely varied circumstances of each site

in regard to the proposed end use versus the source
water, cost effectiveness evaluations are unique to each
project. As a result, a feasibility study at the proposed
site is recommended to determine cost implications and
payback period.
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Table 7-2: Water Quality Considerations for Alternative On-Site Sources of Water

Source Sediment TDS Hardness

(BOD) (A)
Rainwater 1-2 1 1 1 1
Stormwater 3 ? 1 2 2
Air
conditioner 1 1 1 1 2
condensate
Pool filter
backwash < 2 2 L 2
Cooling tower 2 34 3 2 >
blowdown
BO Ll 1 3+ 3 1 1
reject water
Graywater 3 2 2 3 3
On-site
wastewater 3 2 2 3+ 3+
treatment
Fou!ndation 1 2 2 2 2
drain water

1 - Low level of concern

2 - Medium level; may need additional treatment depending on end use
3 - High concentrations are possible and additional treatment likely

? - Dependent on local conditions

(A) All water used indoors (e.g., toilet flushing) should be disinfected

Organic Pathogens

Other
Considerations

None

Pesticides & fertilizers

May contain copper
when coil cleaned

Pool treatment
chemicals

Cooling tower
treatment chemicals

High salt content

Detergents
and bleach

Human waste

Similar to stormwater

*The use of pass-through cooling water is also a posssible source of on-site water, but should be discouraged because of its
huge potential to waste water, despite providing a relatively pure source of water. For that reason, it is not included in this list.

Source: HW (Bill) Hoffman & Associates, LLC

Regu|ations In 2018, California Senate Bill 966 was passed, requiring
the California State Water Resources Control Board

In California, onsite non-potable reuse is regulated by (SWRCB) to develop uniform water quality standards for

the State Water Resources Control Board (SWRCB), the onsite treatment and reuse of water. The bill also required

Clean Water Act (CWA) (833 U.S.C. §§ 1251 et seq.), the that municipalities establish local programs to comply with

California Plumbing Code (CPC) (Cal. Code Regs. tit. 24, § the state’s new standards. The bill “prohibits an onsite
5) and, in the absence of local treatment requirements, the treated non-potable water system from being installed
NSF/ANSI Standard 3501. For information on regulations except under a program established by a local jurisdiction

in other states, visit the EPA's Regulations and End-Use in compliance with the bill’s provisions.™

Specifications Explorer (REUSExplorer).

1 https://pacinst.org/wp-content/uploads/2021/01/Role-of-Onsite-Water-in-Silicon-Valley-Jan-2021.pdf


https://mcas-proxyweb.mcas-gov.ms/certificate-checker?login=false&originalUrl=https%3A%2F%2Fwww.epa.gov.mcas-gov.ms%2Flaws-regulations%2Fsummary-clean-water-act%3FMcasTsid%3D15600&McasCSRF=2b5e507312ae247a6e231940c15ab5fdd78445924034675559bad356bafe89c8&McasTsid=20892
https://epubs.iapmo.org/2019/CPC/index.html
https://d2evkimvhatqav.cloudfront.net/documents/ww_nsf_ansi350_qa_insert.pdf
https://www.epa.gov/waterreuse/regulations-and-end-use-specifications-explorer-reusexplorer
https://www.epa.gov/waterreuse/regulations-and-end-use-specifications-explorer-reusexplorer
https://pacinst.org/wp-content/uploads/2021/01/Role-of-Onsite-Water-in-Silicon-Valley-Jan-2021.pdf
https://mcas-proxyweb.mcas-gov.ms/certificate-checker?login=false&originalUrl=https%3A%2F%2Fleginfo.legislature.ca.gov.mcas-gov.ms%2Ffaces%2FbillNavClient.xhtml%3Fbill_id%3D201720180SB966%26McasTsid%3D15600&McasCSRF=2b5e507312ae247a6e231940c15ab5fdd78445924034675559bad356bafe89c8&McasTsid=20892
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Table 7-3: NSF/ANSI 350 and 350-1 On-Site Water Reuse Systems

NSF/ANSI 350 NSF/ANSI 350-1
for Above Ground And for Sub-Surface
Sub-Surface Use Discharge Only
Buildin Single family residential up to 1,500 gallons Single family residential up to 1,500 gallons
9 per day / Commercial all above 1,500 plus per day / Commercial all above 1,500 plus
Types all commercial laundry water all commercial laundry water
Influent Black water, graywater, bathing water only, Black water, graywater, bathing water only,
Types and laundry water and laundry water
Non-potable application such as irrigation o
End Uses and toilet and urinal flushing Subsurface irrigation only
Table 7-4: Nonpotable Water System Water Quality Requirements
. mplin
Recycled Water Source Water Water Quality e - 'P _g/
Specification Monitoring
Class/Category Type Parameter

Requirements

Onsite treated non-
potable graywater
systems (toilet &
urinal flushing, Graywater
above/below
ground irrigation,
trap primers)

The minimum water quality for onsite treated non-potable
graywater systems shall meet the applicable water
quality requirements for the intended applications as
determined by the public health authority having jurisdiction.
In the absence of local water quality requirements,
the requirements of ANSI/NSF 350 shall apply.

E. coli <100 CFU/100mL Water quality should be tested
Harvested
. every 12 months or after system
Rainwater ] .
Turbidity <10 NTU renovation or repair
This development resulted in updated CPC regulations. Code (Part 5 of Title 24 of the California Code of
Table 7-3 summarizes the results. Regulations).

- Untreated rainwater systems that are used
exclusively for surface, subsurface, or drip irrigation
that are regulated by Chapter 16 (commencing

Please note the following exceptions to the summarized
water quality guidelines, excerpted from the CPC:

- Untreated graywater systems that are used with Section 1601.0) of the California Plumbing
exclusively for subsurface irrigation that are Code (Part 5 of Title 24 of the California Code of
regulated by Chapter 15 (commencing with Regulations).”

o Section 1501.0) of the California Plumbing
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Rainwater catchment system components

Image source: www.energy.gov - Federal Energy Management Program

Rainwater Harvesting

Rainwater harvesting captures, diverts, and stores
rainwater from rooftops for later use?. The California
regulations Cal. Code Regs. tit. 24, § 5, also known as the
California Plumbing Code, defines the following approved
onsite non-potable reuse applications for the use of
harvested rainwater:

Toilet and urinal flushing

Clothes washing

Ornamental fountains and other water features
Cooling tower make-up water

Car washing

Surface, subsurface, and drip irrigation

v ¥ v b9

Spray irrigation

Facilities with large areas of impervious roof cover can
capture runoff and use the water for various non-potable
purposes with little treatment. This section deals with
methods available to facilities that capture water from their
roofs. Harvested rainwater can also be combined with air-
conditioner condensate, the next option.

2 https://www.energy.gov/femp/rainwater-harvesting-systems-technology-review

The type of roof surface
impacts the quality of the
rainwater runoff.

For the highest quality
rainwater, especially if
the water is to be used
for in-building uses
such as flushing toilets
and urinals, harvesting
should ideally employ
smooth metal roofs and
non-toxic, non-leaching
surface finishes.

Gutter design should employ
at least a 1 percent slope
and route water to a central
collection point for transfer
to a cistern or storage tank.
The system will need a “first-
flush diverter” to minimize
the debris and waste or
debris of any kind from the
roof surface that enters the
cistern.

For rainwater destined for
landscape watering, additional consideration should be
given to diverting water directly into landscaped areas,
with swales and berms to capture and direct the flow.

Care must be taken in designing such landscape
rainwater harvesting to avoid long-term pooling
of water and creation of potential insect vectors.

The following illustration shows the basic components of
most commercial-scale rainwater catchment systems:

Costs are considerably lower for systems which do not
include tanks or cisterns, such as rain gardens and bio
swales. These designs slow the water down to allow it
to percolate into the landscape and provide additional
stormwater runoff reduction benefits as well.

Approximately 0.62 gallons of water can be collected per
square foot of collection surface per inch of rainfall. In
practice, however, most installers assume an efficiency of
80% (percent). Some rainwater will always be lost to the
first flush, evaporation from the roof surface, or splash-out
from the gutters. Rough collection surfaces are also less
efficient at conveying water, and water captured in pore
spaces is lost to evaporation.
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nsite treatment
or reuse is only
tdoor irrigation.

In Californ'la, o
of stormwater f
permitted for ou

The inability of the system to capture all water during
heavy storms also affects practicable efficiency. For
instance, spillage may occur if the flow-through capacity of
a filter-type first flush is exceeded, and overflow rainwater
can be lost after storage tanks are full if a raingarden or
bioswale is not designed downstream of the overflow.
Therefore, special consideration should be given to the
size of storage tanks, how often they will be used, and
where overflow will be directed to.

The use of rainwater collection systems, also referred

to as cisterns, is most practical in regions with periodic
precipitation throughout a plant’s growing season.
However, in regions such as California where rainfall is
restricted to a few months out of the year, cistern storage
is still possible with careful
planning and system design.
If capturing enough water

to last the dry season is the
goal, sites and budgets that
can accommodate large
storage capacities are ideal.
This storage capacity will also
need some space within the
building that is protected,
therefore, a large cistern may
not be feasible. However, if the
rainwater harvesting system

is included as part a wholistic
portfolio of water sources for
a given industrial process or
irrigation end point, it can still
make up a valuable portion

of the water conservation
portfolio even without meeting
an entire dry season’s water
use needs.

The American Rainwater
Collection Systems Association
(ARCSA) is a source of much
useful information on rainwater
harvesting. Visit arcsa.org.

Calculations
Annual production potential:

Gallons = roof area (sqg. ft.) x annual precipitation (in.) x
(0.62 x0.8)

Required annual storage capacity for the planned
landscape should be determined as follows:

- Calculate the monthly water budget for the planned
landscape using the water budget calculations in
the section, “Landscape Irrigation Efficiency.”

-> Estimate the monthly average rainfall quantities
that could be harvested, based upon roof area and
rainfall for the location.

- Estimate the amount of rainwater storage that
would be cost-effective to construct, based upon
monthly inflows from rainfall and outflows based
upon the landscape water budget.

- This calculation assumes that 20% of rainwater
will be lost to evaporation, roof washing and other
losses.

Rainwater Harvesting Regulations Map

Rainwater Harvesting
Regulations

Hover over a state

. Very Limited
|| Not llegaNo Regulations
No Regulations/Encouraged
. State Regulations
|| State Regulations/Encouraged
State Regulations/Incentives

Image source: www.energy.gov - Federal Energy Management Program
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Recommendations

- Examine the statutes in your area. In California, see
the California Plumbing Code, Chapter 16: Non-
Potable Rainwater Catchment Systems and Cal.
Code Regs. tit. 24, § 5

- Use the American Rainwater Catchment Systems
(ARCSA) technical materials as a quide

- Examine the International Association of Plumbing
and Mechanical Officials (IAPMO) Uniform
Plumbing Code section on alternate sources of
water

- New commercial developments with more than
20,000 square feet of roof area to provide a
preliminary feasibility study, including cost analysis,
to determine whether rainwater harvesting is viable
at the site.

Stormwater

Stormwater is commonly
differentiated from rainwater
as being precipitation that
reaches the ground and
drains to a low point or
storm drain. Because of the /
contact with surfaces such

;A.ugrnent‘

water use efficiency while mitigating the adverse effects of
flood flows.*” Other benefits can include reducing strain on
sewer systems during large rain events, especially in areas
with combined sewer systems.

As of the time of publication, in California, onsite
treatment of stormwater for reuse is only permitted for
outdoor irrigation. The State Water Board is still in the
process of drafting and adopting regulations for risk-
based water quality standards for onsite treatment and
reuse of non-potable water for non-potable end uses

in multifamily residential, commercial, and mixed-use
buildings.® Tentatively slated for acceptance in 2025, these
regulations will likely increase the opportunities for ClI-
scale onsite stormwater capture and reuse.

Stormwater capture and landscape irrigation reuse
opportunities can be examined during the planning stages
of new construction, when stormwater systems are being

Multi-Benefits of Stormwater Capture and Use

Reduce
| effects of high
| magnitude
| storms in urban
\ environments /

as roadways and pavement, water / Address
) supply chains pollutants
which present greater i e ity
likelihood of contamination, radundancy _V:'_"E"ab_'e to i found in urban Meet
stormwater tends to require [ inwater | \ZVPHOT, CONTROL e/ feaevry
| supply - compliance |
greater treatment than systems / goalsand |
. . . 4 F irements
rainwater.® According to A\ ,
the California State Water WATER WATER v
PPLY uce
Resources Control Board / Provide e STORMWATER UM™Y/ everity of
/ alternative combined
(State Water Boargl), ' smtomgadd CAPTURE st
“capturing and using urban | non-potable | AND USE  overflows
stormwater as a resource R i)
provides multiple benefits G
such as offsetting drought ,_ ENVIRONMENTAL cg:.n'::':' ,
| di h h Provide BENEFITS Improve .
related impacts throug water for parks,
additional groundwater wetland | pebecminall
. restoration / / \, facilities,
recharge and aquifer ; ’ \\_ green
storage, mitigating pollution e N / \ ; o
of stormwater, creating heat island [ freate ohs, o)
effects in Enhance particularly in
green and open spaces, urban S iia small and
enhancing fish and wildlife emvironments /| environmental | ey

habitat, supporting watershed
processes, and improving

flows

Image source: Federal Environmental Protection Agency - Link here

3 https://watereuse.org/educate/
types-of-reuse/stormwater-reuse/

4 https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/California-Water-Plan/Docs/Update2023/
PRD/RMS/Draft-Urban-Stormwater-Runoff-Capture-and-Management-RMS. pdf

5 https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/onsite_nonpotable_reuse_regulations.htm/
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https://epubs.iapmo.org/2022/CPC/
https://epubs.iapmo.org/2022/CPC/
https://casetext.com/regulation/california-code-of-regulations/title-23-waters/division-2-department-of-water-resources/chapter-27-model-water-efficient-landscape-ordinance/section-49216-stormwater-management-and-rainwater-retention
https://casetext.com/regulation/california-code-of-regulations/title-23-waters/division-2-department-of-water-resources/chapter-27-model-water-efficient-landscape-ordinance/section-49216-stormwater-management-and-rainwater-retention
https://arcsainternational.org/arcsa-education/documentation
https://arcsainternational.org/arcsa-education/documentation
https://iapmo.org/codes-standards-development/code-development/uniform-plumbing-code
https://iapmo.org/codes-standards-development/code-development/uniform-plumbing-code
https://iapmo.org/codes-standards-development/code-development/uniform-plumbing-code
https://watereuse.org/educate/types-of-reuse/stormwater-reuse/
https://watereuse.org/educate/types-of-reuse/stormwater-reuse/
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/California-Water-Plan/Docs/Update2023/PRD/RMS/Draft-Urban-Stormwater-Runoff-Capture-and-Management-RMS.pdf
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/California-Water-Plan/Docs/Update2023/PRD/RMS/Draft-Urban-Stormwater-Runoff-Capture-and-Management-RMS.pdf
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/onsite_nonpotable_reuse_regulations.html
https://www.epa.gov/system/files/documents/2022-03/wrap-pure-potential-report.pdf
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designed®, or during a retrofit
project process. The overall
concept is to keep the rain
on the site where it falls to the
maximum extent possible.
The water captured and held
can displace part or all of the
potable water otherwise used
for irrigation and can optimize
groundwater infiltration, water
quality, and slow-release
augmentation of local streams

Stormwater capture and reuse

can look like:
I Highest
- Storage in the soil I High
profile B Medium-High
, ) Medium
- Capture in onsite )
Medium-Low
features, such as Low
berms, swales, rain —— [

gardens, or terraces

- Capture in a detention
structure, such as a
pond, from which it can
be pumped back to the
landscape

-> Green infrastructure, such as rain gardens, planter
boxes, permeable landscape

Recommendations

- Include capture in on-site features, such as berms,
swales, rain gardens, or terraces, and the use of
soil as a water-storage medium jointly in the design
of landscape and stormwater facilities

- Create and build green infrastructure where
possible

- Examine the statutes in your area. In California, see
the Cal. Code Regs. tit. 24, § 5

- Examine the potential of captured and stored
stormwater along with other on-site water sources

- Additional resources:
SFPUC On-site Reuse Handbook
SFPUC On-Site Reuse webpage
EPA Water Reuse resource webpage

Water reuse case studies/success stories

CA Waterboards Stormwater Storymap

62 6 https.//www.epa.gov/npdes/stormwater-planning
7 https:.//www.energy.gov/femp/condensate-capture-potential-map

US Dept of Energy’s Condensate Capture Potential Map

_ PacificNorthwest | \
s }‘/‘IJ-'\. g
= %3\

1

A d. . J

Image source: www.energy.gov/femp/condensate-capture-potential-map

Air Conditioner Condensate

Water condenses on air-handling units (AHUs) and cooling
coils when humid air contacts these cool surfaces. A large
amount of condensate can form on cooling equipment in
areas with hot, humid summers such as the southeastern
United States. Water that collects on the AHUs and
cooling coils must be drained to prevent damage to the
equipment or the building from water buildup. Typically,
the condensate is collected in a central location and
discharged to a sewer drain. In a condensate capturing
system, the condensate is directed to a central storage
tank or basin and then distributed for reuse®.

Captured condensate recovery water can be used as
make-up water for cooling towers. Due to its relatively
good water quality, it will generally not decrease cycles of
concentration achievable in cooling towers.” Condensate
can also be used for irrigation and other non-potable uses.
If it is used for landscape irrigation, provisions may have
to be made to divert water collected during coil cleaning to
the sewer, if copper concentrations would be of concern.

Readers interested in estimating the recovery potential
of HVAC condensate at their site can consult Building
Green’s Revised Air Conditioner Condensate Calculator.



https://casetext.com/regulation/california-code-of-regulations/title-23-waters/division-2-department-of-water-resources/chapter-27-model-water-efficient-landscape-ordinance/section-49216-stormwater-management-and-rainwater-retention
https://sfpuc.org/sites/default/files/documents/OnsiteWaterReuseGuideAugust2022.pdf
https://sfpuc.org/construction-contracts/design-guidelines-standards/onsite-water-reuse
https://www.epa.gov/waterreuse
https://www.epa.gov/waterreuse/case-studies-demonstrate-benefits-water-reuse#general
https://gispublic.waterboards.ca.gov/portal/apps/storymaps/stories/3073c5b98ecb4f76969e50b3e9065a79
https://www.epa.gov/npdes/stormwater-planning
https://www.energy.gov/femp/condensate-capture-potential-map
https://www.buildinggreen.com/blog/revised-air-conditioner-condensate-calculator-available-buildinggreencom
http://www.energy.gov/femp/condensate-capture-potential-map
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The potential volume of condensate recovery varies by
region and is based on local climate conditions of a given
city. The condensate capture potential illustrated below
may also vary due to local annual weather patterns.
Additional factors to consider when assessing the
potential for condensate capture can include:

- Size of cooling system: Larger systems can
potentially produce more condensate (depending
on cooling system operation).

- Cooling system operation: Hours of operation and
temperature set points will influence total hours of
operation and condensate production.

Recommendations

- Download the free condensate estimator from
Building Green.

- Commercial sites with more than 100-tons of
air-conditioning must examine the feasibility of
diverting all condensate drain water to a common
point where it could easily be captured.

= If necessary in your jurisdiction, help change
regulations that require condensate to be
discharged into a sewer to allow for other
alternative uses.

Foundation Drain Water

Foundation drain water, another potential source on large
commercial campuses, can be captured to preserve
foundation integrity. End uses can range from non-
potable irrigation systems, to leach field distribution, to
other creative solutions that vary with the water needs of

Foundation Drain Water Storage and
Treatment Infrastructure Mid-Installation

Image source: San Francisco Public Utilities Commission

adjacent structures and landscapes.

Drain water can originate from a variety of sources,
including subsurface waterways, or groundwater.
Following is a case study of a creative solution to recover
over 30 million gallons of groundwater intruding each year
into a local subway system. The groundwater was able to
be redirected into a steam plant that serves a large portion
of San Francisco's downtown commercial buildings.

Subway Groundwater Intrusion
Solution

This water reclamation project required collaboration
between the City of San Francisco Public Utilities
Commission (SFPUC), the local subway operator SFMTA,
and Cordia, an energy solutions company that manages a
large, centralized steam plant in downtown San Francisco.
This steam plant serves approximately 180 customers for
space heating, domestic hot water, air conditioning, and
industrial process use.

The project included constructing a system that
transported groundwater from the Powell Street Station

to the Cordia plant via a newly installed underground
pipeling, then treated to boiler-grade levels of purity — a
much higher standard than regular drinking water. For the
new system to be successful, it needed multiple steps of
purification to remove trash, dirt, biologicals, minerals, and
chemicals. It also required the use of an advanced front-
end filtration plant, which integrates with the existing water
softening equipment at the steam plant, and a new and
innovative reverse osmosis (RO) treatment system. This
project reduced the steam plant's domestic water use by
30%.

Recommendations

- Sites that require the use of a foundation drain
should provide a feasibility summary study of how
the sources might be used.

Cooling Tower Blowdown

Evaluate the feasibility of reusing cooling-tower
blowdown water for another purpose, such as diversion
for compressors, vacuum pumps, and other equipment
with water-cooled air-condenser units. A detailed
analysis is beyond the scope of this section, but any
such project should be closely coordinated with local
stormwater and water-quality officials, since the type of
cooling-tower water treatment will determine the quality
of the blowdown water. Using blowdown water may

offer a classic example of tradeoffs. Often, achieving o


https://www.buildinggreen.com/blog/revised-air-conditioner-condensate-calculator-available-buildinggreencom
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the maximum numbers of cycles of concentration is a
primary goal of cooling tower management. In some Layout of the New Groundwater Transport System
cases, however, if the need for irrigation water (or
other desired end-use) exceeds blowdown volumes
at the site, the designer may wish to consider
reducing the cycles of concentration and, instead,
choose treatment that will produce blowdown suited
for irrigation purposes. This also avoids water-
quality problems for streams receiving runoff from
the property. The net benefits of using blowdown < Subway
are that it makes use of all the water entering the PLPRN e
tower, displaces potable water use for irrigation, and
eliminates wastewater discharge from the tower. One
benefit of diverting cooling-tower blowdown for reuse
in other areas is the possibility of reducing wastewater
costs, such as EBMUD'’s Estimation of Wastewater
Volume Permit Application. Check with your local
water agency or municipality for more details.

Image source: Cordia

Pipeline Components of the New

Groundwater Transport System ECSF Projected Water Cost Improvement with

Ground and Well Water 2018-2024

Annual City
Water/Sewer
Cost
($x 1000/yr)

Annual City Water
Use
(MMLB/yr)

$2,500 r 1,200

$2,000 f/\ [ 1,000
|

=l

Of’ i > P V.8V 0.0
R .@°e° @QQ-\’QQ.@,"QQ

51,000

S5

8

— 12-Month Running Water/Sewer Cost (S x 1000) = 12-Month Running Water Use
(MMLBAyr)

Image source: San Francisco Public Utilities Commission

Image source: Cordia

Schematic of the Groundwater Treatment Process Another option is to use
. nanofiltration or reverse osmosis
"ﬂ::.“) Water Treatment for Reclaimed Water to treat tower make-up water
b i so that extremely high cycles of
3,000 go! 1x350 GPM 3,000 gal 2 x350 GPM Redundant 10,000 gal K ]
Upto MF Train \ RO Trains concentration can be achieved.
200GPM [RERE Micro Filtratiy Raw _ [ Reverse Reject water can then be used for
~ | Water Trailer Water L T L \
. Tank Tank irrigation.
70GPM ~ 8% )
Figure 7-1 shows how indoor
and outdoor water use varies for
facilities in Texas. This breakdown
{ mf) will be different for every area in
o = v the United States. What the figure
Water > Boilers shows is that outdoor uses can be

significant.
Image source: Cordia
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Recommendations

-> New projects that employ filtration and membrane
processes should provide a feasibility summary
study of how these sources might be used.

Onsite Treatment of Graywater
and Wastewater

Graywater is defined in California law as “untreated
wastewater which has not come into contact with toilet
waste. Graywater includes wastewater from bathtubs,
showers, bathroom wash basins, clothes-washing
machines, and laundry tubs, or an equivalent discharge as
approved by the Administrative Authority. It also does not
include wastewater from kitchen sinks, photo-lab sinks,
dishwashers, or laundry water from soiled diapers,” in
Title 24 section 5 of the Code. The use of gray water or
on-site treatment of wastewater for onsite reuse requires
a project-by-project analysis and is beyond the scope

of this document. However, many commercial projects
have employed technologies ranging from simply using
septic tanks and near-surface dosing of the effluent for
subsurface irrigation to the installation of full-capacity
wastewater-treatment plants, followed by conventional
landscape irrigation. Another example is treating effluent to
a quality sufficient for toilet and urinal flushing.

As an example, the 250-unit Solaire Apartments
in Battery Park was a private-public partnership
and is the first “green” residential high-rise
building that incorporates advanced materials,
energy conservation, and water reuse in an
urban setting. The Solaire Apartments selected

Figure 7-1: How Water is Used in Texas Facilities with Cooling Towers

the ZENON Membrane Solutions proprietary
ZeeWeed MBR (membrane bioreactor) process
to treat, store, and reuse wastewater for toilet
flushing, irrigation, and cooling towers. This
approach reduces the fresh water taken from
the city’s water supply by more than 75 percent
and significantly decreases energy costs, since
less drinking water is pumped from the city’s
treatment plant and wastewater is not transferred
to the city’s wastewater treatment system. The
system is the first on-site water-recycling system
in the U.S. built inside a multi-family, residential
building.

Gray water from wash basins, bathing and showers, and
laundry operations has also been considered. Graywater
generally does not contain fecal matter and, thus, can
more easily be treated and reused on-site. Gray water
requires simple filtration to remove suspended particles
and, when stored, requires only treatments such as
chlorination for odor or aeration for nutrients in the water.

A primary concern is to involve health department, code
enforcement, and stormwater quality officials in the

design and development of any project to ensure that all
applicable environmental concerns are taken into account,
that appropriate technologies are employed, and that
regulations are met.

Recommendations

- Consult local regulations for design considerations.
In California, that is the California Plumbing Code,
Chapter: Alternate Water Sources for Non-Potable
Applications

Combining Multiple
Alternative Sources

Office Buildings (N=33)

Middle Schools (N=5)

Hospitals (N=4)

High Schools (N=14)

Elementary Schools
(N=6)

Plumbing of rainwater, gray water,
drain water, and blowdown from
various sources to common end
uses, like landscape irrigation, or
non-potable indoor uses, such as
toilet flushing, is not common, but is
recommended. Cost effectiveness of
such “hybrid” systems is improved by
diversifying the sources of water and

Percent of Total Use
N = Number of Facilities in Sample

40% S50%  60%  70%

improving the consistency of water
availability, since rainfall episodes,
often the largest and most significant

[ u Indoor Use = Landscape Irrigation

s Cooling Towers |

single source of water, are sometimes

Image source: HW (Bill) Hoffman & Associates, LLC

separated by long dry periods.
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Recommendations

- Clarify in local ordinances the specific plumbing
uses of alternative sources of water and their
relationships to the potable water system.

- Consult the EPA's Water Reuse Resource Hub by
End-Use Application for more information
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Chapter 8
ON-SITE WATER TREATMENT
AND REUSE

On-site water treatment is used in many commercial
operations, including food services, laundries,
laboratories, pharmacies, and car washes. The type of
treatment depends upon the application and the required
water purity. Where applicable, water treatment and
subsequent reuse can also be a useful tool in the water
conservation arsenal, keeping the same volume of water
on-site for multiple uses.

Water treatment in the ClI sector ranges from simple
cartridge filtration to sophisticated systems that produce
extremely pure water. For example, ice machines often
have cartridge sediment and carbon filters installed on the
make-up water, so the ice is free of particles and chlorine
taste. Some laboratories and the pharmaceutical and
electronics industries also require “ultrapure water.” This
type of ultra-purified water has had all but a few parts

per billion of minerals, organics, and other substances
removed through a train of treatment, including membrane
filtration, carbon filtration, softening, reverse osmosis, and
strong acid/base ion exchange, followed by microfiltration
and ultraviolet-light disinfection.

Water-Savings Potential

The most accessible water treatment
conservation opportunity is questioning the need
for additional treatment in the first place.

If treatment is deemed necessary and can be performed
in a cost-effective manner, choose methods that need the
least amount of cleaning and backwash or that have reject
streams.

All membrane processes, for example,
produce a reject stream, which in the
case of nanofiltration and reverse
osmosis might be reusable. Table 8-1
compares various treatments found in
commercial operations.

Different Cll end uses require different
water purity levels. As an example,
the following lists the eight grades of

1 httos;/www.wbcsd.org/Programs/Food-
and-Nature/Water/Resources/Case-studies/
Recycling-and-reuse-of-treated-industrial-
wastewater-in-cosmetics-operations

2 https.//www.fda.gov/inspections-compliance-enforcement-
and-criminal-investigations/inspection-technical-guides/water-pharmaceutical-use

The COsmetics
€xample of on-sj

water used in the manufacture of drug products?:

Non-potable

Potable (drinkable) water

USP* purified water

USP water for injection (WFI)

USP sterile water for injection

LUSP sterile water for inhalation
USP bacteriostatic water for injection

2R R R A AR

USP sterile water for irrigation

*The USP designation means that the water is the subject of an official
monograph in the current US PHARMACOPEIA with various specifications for
each type

Water Chemistry and Quality
Relationships

There are some basic water quality considerations
common to most commercial, institutional and industrial
operations.

There are many reasons why water treatment may be
needed. These include:

- Dissolved Salts

Alkalinity, pH, Bicarbonate, etc.
Hardness

Iron and Manganese

Organics

Particulates

Silica

VZERZEEVZEE R 2 R 2

Biological Species
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https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-technical-guides/water-pharmaceutical-use
https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-technical-guides/water-pharmaceutical-use

Common water quality terms:

Mesh size: The number of holes per square inch in a
membrane

Micron: A thousandth of a millimeter (the size of the
holes in a filter that will pass a particle that is a micron
or larger)

pH scale: The measurement of how acidic or basic
water is (water is acidic if the pH is lower than 7.0 and
basic above 7.0)

Hardness: The amount of dissolved calcium and
magnesium in water?®

The remainder of this section describes common
treatment processes to achieve the quality of water
needed for the intended end use. Specialized industrial
treatment processes are beyond the scope of this chapter.

Description of End Use

Each treatment technology offers unique opportunities for
water conservation, as described below:

Sediment filtration is one of the most common
treatment techniques. Swimming pools, water feeds to
commercial ice machines, cooling tower side-streams,
drinking water, and water-using medical equipment are
examples where sediment filters are found. They remove
particles down to a few microns in size. The two basic
designs use disposable cartridges or granular filter media,
but many other types of filters can be used.

Types of sediment filters include:

- Strainers
- Particulate Filtration
- Micro and Ultra Filtration

By their nature, cartridge filters are usually not designed
for very large flows. Sample uses include pre-filters for
ice machines, smaller medical equipment, and smaller
swimming pools and spas. A filter’s main objective is to
remove debris, small particles and sediment from the
water it is filtering. Other types of filters can filter out
chlorine or other contaminants. Filter material varies from
tightly wound fibers to ceramics, fused powdered-metals,
or other materials. Such filters are left in place until the
sediment buildup causes a predetermined increased
pressure drop across the filter, at which time the filter is
replaced, backwashed, or removed and cleaned for reuse.

3 https./www.usgs.gov/special-topics/water-
science-school/science/hardness-water
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The second type of sediment filter is often found where
larger volumes of water must be processed or higher
levels of sediment must be removed. These include
granular media such as sand, coated media (DE, cellulose,
and perlite), and mixed-bed filters. All of these must be
backwashed. The backwash water is generally discharged
to the sanitary sewer. In some larger applications,
however, the sediment can be allowed to settle out and
the clarified water can be reintroduced at the head of the
filtration process. Common applications include swimming
pools, industrial water treatment, and side-stream filtration
for cooling towers.

Carbon filtration removes chlorine, taste, odor, and a
variety of organic and heavy metal compounds from water
by adsorption. Activated carbon, which has an enormous
surface area per unit volume, attaches to the unwanted
materials and holds them on its surfaces. Restaurants and
food service providers for hospitals and other institutional
operations often use activated carbon for drinking water
and ice machine feed water. It is also used in the beverage
industry for taste and odor control.

Activated carbon is also used to remove pollutants in

the metal-finishing industry and other operations where
pretreatment to remove metals or organics is needed.
These systems can employ either disposable cartridges
or packed columns, where the activated carbon can be
removed and sent for recharge. With both cartridge and
packed column systems, water simply passes through the
carbon medium until its adsorptive capacity is used up.

Water Softening System

Hard water

] Soft hot water
T (to sinks, etc.) T
(to toilets, etc.)

Soft Bypass Hard
water valve  water

S

Shutoff
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TABLE 8-1: Commercial Water Treatment Examples

SOFTENING &

SEDIMENT CARBON MEMBRANE
ION DISTILLATION DISINFECTION OTHER
FILTRATION FILTRATION EXCHANGE PROCESS
All qud X X X X X
Service
All Laundry &
Dry Cleaning 2 2
Hospital & X X X X X X X
Laboratory
Car Wash X X X
Beverage
Manufacturing 2 2 28 28 2
Metal Plating X X X X X
Cooling Tower
& Boiler X X X X X
Pool, Spa, &
Water Feature 2 =
Office & X X X X X

Non-process

Water softening employs zeolites or ion exchange resins,
where calcium and magnesium ions are exchanged for
sodium or potassium ions. Softening removes hardness to
control scale, improves water for washing, and prevents
“hard water” spots. Recharge is done with a salt solution
containing sodium or potassium cations, the most
common being sodium chloride (table salt). Water is used
in the recharging process to make up the brine solutions
and to purge the softener of brine prior to being returned
to service. All softener systems should be equipped with
controllers that are activated based upon the volume
treated, not on timers. They should either be adjusted for
the hardness of the water supply or be equipped with a

hardness controller that actually measures the hardness
and volume treated, if the hardness of the feed water
varies.

Softeners are commonly found where hardness interferes
with water use or where scale formed by hard water could
be detrimental. Laundries, car washes, boiler feed water,
laboratory water, hot water systems for restaurants and
food service establishments, and metal plating operations
commonly employ softening. It is used occasionally for
cooling tower feed water or in a process called side
stream softening, which helps extend the usefulness of
cooling tower water.
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General Water Softening System
Design Principles

There are certain design principles that are common to the
previously mentioned technologies. First, the configuration
of these devices is simply a vessel in which an ion
exchange resin is located. It can be configured so that

the water flows from the top down or the bottom up. The
bottom-up flow pattern is reported to be more efficient,
but excess sediment in the feed water will tend to clog

the softener head unless a sediment filter is used before
entering the softener.

Down flow
configuration

Up flow
configuration

Image source: https://www.softenerparts.com/
Upflow-vs-Downflow-Regeneration_c_389.html

Methods used to know when to recharge the ion
exchange resin:

1. Timer control: This is the oldest and most
wasteful option. The system recharges the resin
even when it does not need it. This wastes both
water and chemicals.

2. Flow meter: The refill volume is pre-determined
based on the water chemistry. When the resin has
been exhausted based on the average volume of
water that correlates to a specific water hardness,
the recharge cycle will be triggered.

3. Sensor-based control: The most efficient
method. The sensor measures the hardness,
cation, or anion concentration and only recharges
when the resin has been exhausted.

Deionization, a type of water softening, also employs
exchange resins, but it is different from softening. Strong
acid/base ion exchange resins, known as deionization
resins, are used to produce extremely pure water for
laboratory analysis, kidney dialysis, and feed water for a
number of industrial processes. Water use is similar to
that of recharging softening systems, but the ion removal
systems operate similarly to ion exchange systems and
have similar water use patterns. lon exchange resins
can also remove a variety of ionic contaminants, such as
arsenic or fluoride.

Timer Control

Images source: HW (Bill) Hoffman & Associates, LLC

According to the U.S. Environmental Protection
Agency, “Up to 10 percent of a laboratory’s water
consumption can be related to the multi-step
process of generating deionized (DI) purified
water through reverse osmosis (RO). Water
savings can be achieved by carefully regulating
purified water generation rates to meet
laboratory demand and making sure that systems
are sized accordingly. EPA's Environmental
Science Center in Fort Meade, Maryland, saves
approximately 1.5 million gallons of water and
more than $5,000 in annual water costs by
reducing DI/RO system operation from 24 hours
per day to 12 hours per day.”*

4 https./www.epa.gov/greeningepa/water-management-plans-and-best-practices-epa
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Best Management Practices salt, based on sodium chloride equivalency, and
shall not generate more than 5 gallons of water
- Do not use timers to regenerate systems per 1,000 grains of hardness removed during the

- Base recharge on either cumulative flow through service cycle."

the exchanger or on probes in the media that

Membrane processes include several water treatment
detect when to recharge

methods. A membrane, usually composed of a polymer
- For cation and anion exchange resins, follow the material, is used to remove contaminates.

manufacturer's recommendations

. Al membrane processes have three things in common:
- Do not over size the system

- The National Sanitation Federation provides the 1. Afeed stream
following additional advice:® 2. Aretentate or waste stream
"Actuation of regeneration of water softeners shall 3. A product called permeate
be by demand initiation. Water softeners shall be
listed to NSF/ANSI Standard 44. Water softeners The type of membrane process used depends
should have a rated salt efficiency exceeding 3,400 ~ upon the size or type of contaminant one wishes to
grains of total hardness exchange per pound of remove, as illustrated by Figure 8-1.

Figure 8-1: Membrane Process Types

Reverse o . -
Ultrafiltration Particle Filtration
Separation
Process - S
Nanofiltration Microfiltration

Aqueous . . . Whole
Milk Proteins E-Coat Pigment Broth Cells

Red Blood Cells
Gelatin Fat Micelles

Relative

Materials Oil Emulsion

& :

Indigo Dye Cryptosporidium
Lactose Colloidal Giardia e [
(sugars) Silica Cyst

Wicrons 0001 001 0.1 1.0 10 100 1000

(micrometers)

Approx. Molecular

Weight 100 200 1000 20,000 100,000 500,000 1MM SMM

Note: 1 micron (micrometer) = 4x10-°inches = 10* Angstrom units
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Microfiltration employs membranes that remove
particles of 0.1 to 10 microns in size or larger. It is used
in municipal water treatment to remove bacterial and
Giardia lamblia cysts, and Cryptosporidium oocysts.
Water is forced through the membrane until the pressure
drop reaches a set point. The filter is then backwashed.
The membranes also require periodic chemical cleaning.
Both the backwash and cleaning processes use water.
Retentate (what is retained, for example by a filter or
porous membrane) or waste volumes are usually a small
percentage of the total feed volume. The retentate is often
recirculated and only a small stream of “bleed water” is
discharged as wastewater. Some ceramic filters can also
filter in this range.

Ultrafiltration operates at higher pressures than
microfiltration and removes materials that are much
smaller, including viruses and proteins. It is often
used to separate milk and whey. These filters must
be backwashed and cleaned in a manner similar to
microfiltration membranes.

The following diagram represents an ultrafiltration
membrane, but could represent any of the four
membrane processes.

Permeate/Feed-Stream/
Retentant Diagram

Permeate flow

Process

Feed Flow Hollow fiber

membrane

Nanofiltration membranes have pore sizes midway
between those of ultrafiltration and reverse osmosis.
Nanofilters are often referred to as “softening” filters, since
they are effective in removing multivalent cations such as
calcium and magnesium.

Reverse osmosis (RO) removes salts from a water
stream. It finds use wherever very pure water is needed,
such as laboratories, medical uses including kidney
dialysis, metal plating, boiler feed water, and other
related applications. Typically, RO will reject 90 to 95
percent of the salts. RO is also used before strong acid/
base deionization for the production of ultrapure water
for laboratory, pharmaceutical, and microelectronics
manufacturing operations.

Acoustic nanotube technology employs acoustics
instead of pressure to direct water through small-
diameter carbon nanotubes. The technology is based
on an acoustically driven molecular screen integrated
with carbon nanotubes that allow the passage of

water molecules while blocking any larger molecules
and contaminants. It consumes less power than
traditional filtration systems and drives water away from
contaminants instead of removing pollutants from water.
The process also eliminates the need for flushing the filter
system.

The primary applications of acoustic nanotube technology
are municipal water plants, medical facilities, laboratories,
distilleries, desalination plants, industrial facilities,
wastewater treatment plants, and the consumer segment.
The innovation is scalable with the integration of multiple
filters, according to the filtration needs of users®.

Photocatalytic water purification technology uses
photocatalysts and ultraviolet (UV) rays to remove toxic
substances from water. Photocatalysis can break down

a range of organic materials, estrogens, pesticides, dyes,
crude oil, and microbes such as viruses and chlorine-
resistant pathogens, as well as inorganic compounds such
as nitrous oxides. Photocatalytic water treatment systems
are suitable for use in water and wastewater treatment
facilities and can treat industrial wastewater polluted

with high loads of organic substances or metals. This
technology was developed by Panasonic®.

Automatic Variable Filtration (AVF) technology is

a simple process by where upward flow of influent is
cleaned by downward flow of filter media. It eliminates

the need for any additional process or freshwater for filter
media cleaning. AVF systems are suitable for municipal
drinking water and wastewater treatment, wastewater
recycling and reuse, pre-filtration for membrane processes
and desalination applications’.

6,6,7 https./www.water-technology.net/features/latest-water-purification-technologies-top-five/
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Best Management Practices for RO and
Nanofiltration Systems

- Size equipment to meet the need

- Choose systems that maximize the percent of
water that is recovered as product water

- Require that new systems achieve at least 75%
product recovery

- RO and nandfiltration reject water should be
captured and reused for irrigation, cooling tower
makeup, and other appropriate uses wherever
possible

Distillation is a process once common to make water

for laboratory applications and is still found in many
laboratories. Electric or gas stills are the most common still
types. Production quantity depends upon the size of the
still. Smaller stills often use once-through condenser water
and can waste huge volumes of water to produce a single
gallon of distillate. Small and medium size stills use air to
cool the coils and have no discharge. These are the most
water efficient stills. Some larger stills have reject streams
to prevent scale buildup. These typically dump 15-25% of
the water entering the still.

Best Management Practices for Distillation Systems

- Do not use systems that rely on once-through
cooling

- Air cooled systems and systems that use the feed
water for cooling should be used

Disinfection and related technologies can consume
small amounts of water if chemicals are fed in a liquid or
slurry form. Chemical disinfection technologies include use
of chlorine compounds, ozone, and hydrogen peroxide,
as well as pH control with acids and bases and the
addition of antiscalants and sequestrates such as sodium
hexametaphosphate. Ultraviolet light, heat, and extreme
mechanical sheer are among other technologies in use.

The potential for water savings by choosing among
disinfection technologies is not great; however, the
potential to waste water in cleaning the equipment and
storage vessels is a concern which can be abated by the
use of waterless cleaning methods

Recommendations

- For all filtration processes, require pressure gauges
to determine when to backwash or change
cartridges

- For all filtration processes, base backwash upon
pressure differential

= For all ion exchange and softening processes,
require recharge cycles to be set by volume
of water treated or based upon conductivity
controllers

-> Use water treatment only when necessary

- Choose a reverse-osmosis or nanofiltration system
with the lowest reject rate for its size

- Choose distillation equipment that recovers at least
85 percent of the feed water

- Evaluate opportunities to reuse backwash waste
streams

Examples of Actual Cll Water
Treatment Systems

The following images provide examples of actual water
treatment insulations in Cll establishments.

"Bench-top" Ultra Pure Systems
Commonly found in Laboratories

Images source: HW (Bill) Hoffman & Associates, LLC
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Examples of Actual Cll Water Treatment Systems (continued)

RO Filters at a Car Wash Sand Filter for Olympic Size Swimming pool
] 1

Images sources: HW (Bill) Hoffman & Associates, LLC
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Resources

1.

10.

11.

12.

13.

14.

Appliance Standards Awareness Project 2021
https;/appliance-standards.org/product/faucets#:~ text=1n%202015%2C%20the%20California%20
Energy,maximum%20flow%20rate%20for%20private

California Building Standards Commission
https./www.dgs.ca.gov/BSC/Codes

California Energy Commission, California Code of Regulations Title 20, Sections 1601 Through 1608,
Toilets, Urinals, and Faucets Regulations Effective January 1, 2016.

California Energy Commission, Appliance Efficiency Regulations - Title 20
https./www.energy.ca.gov/rules-and-requlations/appliance-efficiency-regqulations-title-20

California Green Building Standards Code—Part 11, Title 24, California Code of Regulations—known
as CALGreen
https./www.dgs.ca.gov/BSC/CALGreen

California Green Building Standards Code Chapter 5, Division 5.3
https.//codes.iccsafe.org/content/CAGBC2022P1/chapter-5-nonresidential-mandatory-
measuresttCAGBC2022P] _Ch05 _SubCh5.3_Sec5.303

CalGreen Plumbing Fixture Requirements
https.//calgreenenergyservices.com/2019/11/30/calgreen-plumbing-fixture-requirements/

California Plumbing Code 2019
https.//up.codes/viewer/california/ca-plumbing-code-2019/chapter/4/plumbing-fixtures-and-fixture-
fittings#411.0

John Koeller, P.E., Koeller & Company, Bill Gauley, P.Eng., Gauley Associates, Ltd., MaP Testing,
Commercial Flushometers Toilet & Urinal List Downloads - May 4, 2021
https./www.map-testing.com/downloads.htm/

National Conference of State Legislatures, Water-Efficient Plumbing Fixtures
httos./www.ncsl.org/research/environment-and-natural-resources/water-efficient-plumbing-
fixtures635433474.aspx

Plumbing Supply.com, Showeroff® Metering Shower Systems
https./www.plumbingsupply.com/metering-shower-systems.htm/

US EPA, WaterSense Commercial Toilets Specifications
https./www.epa.gov/watersense/commercial-toilets#:~text=WaterSense%20labeled%20
flushometer%2Dvalve%20toilets,adequate%20flow%20to%20function%2Oeffectively

US EPA, WaterSense, Case Studies for Commercial Buildings
https./www.epa.gov/watersense/case-studies

US Department of Energy, Energy Cost Calculator for Urinals
https./www.enerqgy.gov/eere/femp/energy-cost-calculator-urinalsttoutput
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Chapter 9
FOOD SERVICE OPERATIONS

he food service operations sector includes

technologies and equipment found in commercial
kitchens, which are establishments that prepare food
for public consumption or where food can be prepared
for many people. Restaurants and bakeries are obvious
members of this category, but commercial kitchens exist in
a wide range of facilities. Most schools, hospitals, hotels,
service stations with stores, and convenience stores have
food service operations. Larger office buildings, factories,
and institutional facilities provide food service of some type
to their employees and occupants. Because food-service
facilities are characterized by many kinds of water uses
and high energy and water consumption, they are a good
focus group for incentives or requirements for water-
efficient equipment, both for new construction and retrofit
of existing facilities.

Water is an essential component in a commercial kitchen;
it is used for everything from food preparation to cooking,
cleaning, refrigeration, and sanitation. Based on a 2019
study by The Water Research Foundation, eating and
drinking places have the most intensive water use per
square foot of any commercial and institutional facility
(Table 9-1). This conclusion is based on data from six
water utilities across the nation. Additionally, a 2015
California Energy Commission report shows that over 75

percent of hot water in the commercial and institutional
sectors, from grocery stores to schools to prisons, is

used by food service operations'. Thus, more efficient hot
water use and energy efficient appliances will contribute to
improved water efficiency and cost savings in this sector.

The US Environmental Protection Agency (EPA)
WaterSense at Work Program estimates that 52 percent
of a restaurant’s water use is for kitchen use with the rest
being for restrooms, landscape, and other uses (Table
9-2). The latter uses are covered in other chapters in

this document. The focus of this section will be on the
techniques and technologies applicable to operations in
the kitchen and any other food service area.

See the References section at the end of this chapter for a
list of resources.

This chapter will examine the operational areas of water
efficiency in the food service sector, including:
1. Selection of food service equipment

2. The potential cost savings with each technology
and method of operation

3. Best management practices for each technology
and method of operation

TABLE 9-1: Comparison of Water Use per Square Foot per Year
for Various Commercial Establishments Across the USA

Eating/ Drinking Places
Retirement/Nursing...

Lodging

Schools/Colleges

Auto Service

Health Care

Office Buildings

Religious

Retail Outlets
Warehouse N

- W

0 20 30 40 50 60 70 80 90 100 110 120 130

Gallons per Square Foot per Year

1 Energy Efficiency Potential of Gas-Fired Commercial Water Heating Equipment in Foodservice Facilities

https.//babel.hathitrust.org/cgi/pt?id=ucl.31822039658588&view=Iup&seq=1
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General Considerations to Reduce
Water Use

The transition to water efficient practices and procedures
relies on the successful implementation of processes that
achieve and monitor the following:

- Training staff on the proper use of equipment and
selecting efficient equipment

- Prompt reporting of malfunctions and leaks and
systems to ensure these problems are addressed
swiftly

- Tracking water use and water, wastewater,
pretreatment, and energy costs associated with
water

Selection of Food Service
Equipment

The selection of water and energy efficient equipment is a
cornerstone of minimizing water and energy costs. There
are many water efficient equipment options available

on the market. In this section, the following types of
equipment will be discussed:

-> Refrigeration and Freezer Equipment

- Ice Makers

- Water Using Cooking, Preparing, Serving, and
Holding Equipment

Food Steamers and Combination Ovens

Steam Kettles

Pasta Cookers

Woks

Steam Tables

Food Prep Sinks

Reverse Osmosis Filtration System

-~ ® 2 0 0O o

-> Scullary Operations

Three Compartment Sinks

Pre-rinse Spray Valves and Sluice Troughs
Food Waste Disposal Methods

Pot Soakers

Commercial Dishwashers

Dipper Wells

-~ ® 2 0 0 o

- Washing and Sanitation
a. Floor Washing
b. Hood Washing
c. Washing Outdoor Areas
d. Hand Washing Sinks

Refrigeration and Freezer
Equipment

Commercial Refrigerator

Air-cooled refrigeration equipment is the most common
type of equipment found in food service facilities. In some
cases, this equipment can be connected to the chilled
water system.

In cases where facilities have cooling towers

as part of their air conditioning system, it is
important to choose the most efficient equipment
to reduce the heat load on the cooling tower.

Ice cream, gelato, and frozen beverage equipment
and similar equipment should always be air-cooled.
Refrigeration equipment can also play a significant

role in reducing the use of water to thaw food (see
previous section on water efficient practices). Ensuring
proper capacity to thaw food in a refrigerator is a water
conservation method.

Once-through cooling systems, sometimes called
single-pass cooling, are prohibited in California
and in all modern plumbing codes.



Ilce Makers

Commercial Ice Maker

Ice making equipment can be either air or water cooled.
Neither the EPA or the California Energy Wise program

list water-cooled equipment and once-through cooling

is prohibited in California and all modern green plumbing
codes. However, the Federal Energy Management
Program does allow water-cooled ice makers if the water
is hooked to a chilled water or cooling tower water circuit.?
Ice making equipment is rated on how many pounds of
ice the machine makes in one day.

One hundred pounds of ice is
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- Continuous type ice makers have a rotating
drum. Water freezes on the inside of the drum
where it is scraped off with an auger in the
form of flakes of ice. This equipment operates
continuously. Flake ice is often used in operations
such as salad bars. The flake ice can be formed
into shapes for use in drinks.

Methods of cooling ice makers:

-> Water-cooled ice makers can be cooled by simply
passing tap water through a heat exchanger and
dumping it into the sanitary sewer. This is called
pass-through or once-through cooling. The heat
exchanger can also be connected to a chilled
water loop or cooling tower loop.

-> Air-cooled ice makers can reject the waste
heat generated into the room where it is located.
These are called “ice making heads” (IMH). The
compressor part of refrigeration equipment
can also be located outside, similar to home
air conditioning units. These are called “remote
condensing units” (RCU). This type of ice maker
rejects compressor heat to the outside. Another
type of air-cooled ice maker is the self-contained,
smaller, under the counter ice maker (SCU).

The Air Conditioning Heating and Refrigeration Institute
(AHRY) lists both air- and water-cooled ice makers and
information about water use for different ice makers is
available through their website.

equivalent to 12 gallons of TABLE 9-2: Typical Water Use in Restaurants

water.

There are two types of ice
makers: batch type and
continuous.

- Batch type (cube)
ice makers produce

a hard cube that has

been rinsed to remove Cooling

minerals that may 1%

precipitate out in the

Kitchen
52%

freezing process. Water Landscape Restroom

is frozen in small ice
trays and rinsed in

4%

31%

the last phase of the
process. The ice trays
are dumped into the ice
bin when finished.
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Recommendations

-> Purchase only air-cooled EPA certified ice makers
meeting US Environmental Protection Agency —
Energy Star criteria. Energy Star program criteria
for ice makers can be found here

- Consider remote head equipment to reduce heat
buildup in the building

- Use continuous ice makers that use less energy
and water than batch/cube machines

Water Using Cooking, Preparing,
Serving, and Holding Equipment
This section describes water conservation best
management practices for the following equipment:
Food Steamers and Combination Ovens
Steam Kettles

Pasta Cookers

Woks

Steam Tables

Food Prep Sinks

v ¥ bbb

Food Steamers and
Combination Ovens

Combination oven

3 https.//forms.iapmo.org/email_marketing/codespotlight/2018/Novi5.htm

These two types of equipment are used to cook food
using steam. Food steamers can only use steam to cook
food while combination (“combi”) ovens can cook either
in steam mode or dry mode like conventional ovens.
Combination ovens also have a feature where moisture
can be injected into the cooking cavity during baking

to keep the food from drying out. For both types of
equipment, there are boiler and boilerless options. There
are also pressure and vacuum options available for total
pressure and temperature control.

Boiler type steamers and combi ovens use a separate
boiler that produces steam. This boiler often requires that
water feeding it is softened or otherwise treated to make
it usable with the appliance. Because the boiler type
steamers and combi ovens must be connected to both a
water supply and sewer line, setting one up is costly and
location options for installation in the kitchen are limited.
They also require that makeup water be treated to remove
minerals that can be deposited on the boiler surfaces and
require regular descaling to remove deposits. When gas
is used, the combustion gases must be vented. Boiler
type steamers and combi ovens also require that water
be purged from the boiler at the end of each run time and
produce condensate that must be sent to the sanitary
sewer. Plumbing codes® require that water discharged to
the sewer be below 140°F.

To accomplish this, most steamers and combination

ovens operating in steam mode run potable cold water

continuously down the drain to ensure that the discharge
is below 140°F.

Depending on the design and size, boilers can hold

from three to over fifteen gallons of water which is
dumped every time the equipment is turned off. During
the cooking process, steam condensate is constantly
discharged. Many steamers automatically open a valve to
run water down the drain continuously while in operation
to ensure that adequate cold water is flowing to achieve
140°F or less. Water tempering devices are available that
only allow tempering water to flow when hot water is
present. Costs for the tempering kits are in the range of
$1,000 to $2,500.

Boiler type steamers are typically only used where a
variety of items must be cooked on-demand since they
have a faster recovery time, but if a set menu or quantity
of food is produced or a feasible plan is created for
facilities where food is cooked on-demand, boilerless
steamers and combi ovens are a great alternative.


https://www.energystar.gov/products/commercial_food_service_equipment/commercial_ice_makers/key_product_criteria
https://forms.iapmo.org/email_marketing/codespotlight/2018/Nov15.htm

Boilerless steamers
use significantly less
energy and water
and do not require
tempering water

at all.

Boilerless steamers only

require a power source and that

a reservoir be filled manually. Since they use a closed
system, steam condensate is re-boiled for multiple uses.

Benefits of boilerless steamers and combi ovens include:

- 30 times less water used than boiler-type steamers

- No tempering water needed

2

Much less energy use in the steam mode for combi
ovens — some report up to 75 percent savings

No need for expensive water pretreatment
No need for water and sewer connections
Fewer moving parts to break

v v v

Ease of cleaning
Recommendations

-> Prioritize boilerless steamers and combination
overns wherever possible

- Only use boailer type equiment where absolutely
necessary

- Look for the EnergyStar label when purchasing
equipment

- Consider installing water tempering devices on
boiler type discharges

- Do not turn on the steamer until ready to cook.
Only use the steam compartments that are needed

> Keep in mind that steamers require 15 minutes or
less to preheat

- Cut down idle time on boiler steamers

= Maintain the equipment with regular maintenance
checks:

= Inspect door gaskets. A badly aligned door hinge
can let steam escape, increasing business costs
on water and energy, and increasing cooking
times.

- Cool full loads of food in the combi oven whenever
possible

Food Service Operations—Ch 9

Steam Kettles

Steam kettles are used to cook large volumes of food.
There are two types of steam kettles:

1. Steam can be either provided by remote boiler or

2. By a self-contained boiler, where food and water
are loaded into the kettle and the jacket around the
kettle is heated with steam.

When a remote boiler is used, steam condensate should
be returned to the boiler. For self-contained boilers,
condensate is automatically returned to the boiler in most
cases. Softened and often demineralized water is used to
feed self-contained boilers. Remote boilers also require
specially treated water.

Recommendations:

- Purchase steam kettles with self-contained boilers
when possible

- Where a central boiler is used to provide steam,
ensure that steam condensate is returned to the
boiler

- Ensure that the drain valve does not leak which
can easly happen if food lodges in the valve

- Train staff to properly clean the kettle with water
savings in mind

Pasta Cookers

Pasta cookers are designed to boil water and cook pasta.
The principal is straightforward: water is boiled and pasta
is placed in the boiling water to cook. Water needs to be
dumped and replaced only when the starch content of the
water is too high and causes excessive foaming.

When buying a pasta cooker, it is important to consider
the volume of water needed for pasta at the food service
operation. In a small venue not focused on pasta service,
a smaller pasta cooker that holds about 2 to 3 gallons
should be considered. Larger venues where pasta is a
major component of what is served should consider a
83
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larger floor model that can hold up to 12 gallons. Pasta
cookers can also hold more than one vat for cooking.
Since the cooker water can reach over 140°F, it must be
cooled prior to discharge. Allowing water to sit and cool at
the end of the day prior to discharge will save water, rather
than using tempering water.

Recommendations

- Adjust the equipment temperature to just high
enough to cook pasta to save water and energy
(simmer or slow boil)

- Only refill when starch content limit is reached

¥

Select equipment with overflow controls

- Allow water to cool before dumping so tempering
water is not needed

- Train staff on the proper ways to operate a pasta
cooker

Woks

Woks are used to cook items in oil at high temperature.
Using conventional woks requires a continuous water flow
over the stove surface where woks are being used to keep
temperatures low enough for cooks. This water is typically
discharged to the sewer once it flows over the stove top.

Waterless woks are available. In this type of wok, the top
of the stove is insulated so cooling water is not needed.
Waterless woks also require less maintenance and
corrosion damage is reduced, according to an Australian
study.®

Recommendations

- If possible, use waterless woks

- If conventional woks are used, a “knee bump”
valve can be installed so water is only used when
someone is at the stove cooking

- Adjust flows to the minimum amount needed if
using a conventional wok

Steam Tables

Steam tables have been a common piece of equipment
on food serving lines for decades. These are used to keep
food above 140°F so it is safe to eat. Health codes require
this temperature for hot foods on serving lines.

5 https.//p2infohouse.org/ref/50/49033.pdf

Steam Tables

These tables have three working parts:

- They can hold significant volumes of very hot water

= The water is kept hot with either electric or gas
heat.

= Trays of hot food are placed in the open “wells” to
keep the food hot.

At the end of each meal cycle, the water is dumped.
Both open-well and sealed-well tables are available. The
difference is that sealed-well tables have built-in tray
containers to hold the food trays without coming into
contact with the hot water. Large steam tables can hold
over 100 gallons of water.

The discharge of hot water at the end of a serving
cycle must be controlled so as not to exceed
140°F when being drained into the sewer.

Dry serving line equipment that does not use hot water to
keep the food at adequate temperature is available.

Recommendations

= Use dry serving equipment wherever possible

- If steam tables are used, minimize the water
level and reuse the hot water that is dumped for
mopping and other cleaning uses


https://p2infohouse.org/ref/50/49033.pdf

Scullary
Operations
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TABLE 9-3: Spray Valve Comparison

This section describes
water conservation best
management practices for
the following equipment:

Nozzle Rated
Flow (Gallons per
Minute)

- Three Compartment
Sinks

- Pre-rinse Spray
Valves and Sluice
Troughs

Daily Usage (hrs.)

Gallons per Day

- Food Waste Disposal
Methods

- Pot (Power) Soakers

Gallons Annually

-  Commercial
Dishwashers

-> Dipper Wells
Three Compartment Sinks

Thee compartment sinks are the workhorse of the food
service industry. These multi functional sinks are most
commonly used to wash cooking utensils, pots and

pans, and other kitchen ware. They come in several
configurations but the classic dish washing configuration is
to use the first compartment for soapy water, the second
to rinse, and the third to hold a disinfectant solution. The
most important water conservation technique for three
compartment sinks is to train employees on proper ways
of using the sink.

Three Compartment Sink

6 https./www.epa.gov/watersense/pre-rinse-spray-valves#.~text=The%20U.S.%20Department%200f%20Energy,energy %20regulation%20covering%20these%20devices

1.6 1.28 1.2 1.0
3 hours 3 hours 3 hours 3 hours
288 230 216 180
105,120 84,096 78,840 65,700

Recommendations

- Do not overfill the basins

2

Turn water off when not needed

- Do not use three compartment sinks for washing
hands

- Promptly report faucet leaks and other
malfunctions

Pre-Rinse Spray Valves and Sluice Troughs

Pre-rinse spray valves are used to spray and remove food
wastes prior to placing the plates, pots and other food
service ware in the dishwasher. The food waste is either
washed directly into a food waste grinder or into a sluice
trough. A sluice trough washes food waste into the grinder
where the food waste is ground up and washed into the
sanitary sewer. The WaterSense threshold established by
the Department of Energy limits the flow rate for pre-rinse
spray valves to under 1.28 gallons per minute.® Hot water
is often used for pre-rinse spray valves.

If hot water is used with a spray valve, the valve consumes
both energy and water. In a large restaurant serving
breakfast, lunch, and dinner, such a valve may have as
many as four hours of continuous use. Table 9-3 that
compares different flow rates of spray valves and their
water use.
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Recommendations
- Eliminate or minimize the use of sluice troughs and
reduce their flow to a minimum

- Install pre-rinse spray valves that use less than 1.28
gallons per minute

- Do not keep the valve on continuously

- Follow recommendations for food waste disposal in
the next section

- Wait until the dishwashing rack is completely full
before sending it through a mechanical dishwasher

- Presoak utensils and dishes instead of rinsing them
under running water

Food Waste Disposal Methods

There are three methods to dispose of food waste,
commonly referred to as food scraps, produced during
food service preparation and dishwashing operations:
Via a commercial compost pickup service/facility
Via the solid waste stream

Into wastewater

 0p o~

Guidelines established by local jurisdictions should
be referred to when planning to dispose of food
waste in solid food waste containers (because

of potential problems with insects and rodents)
and in general when devising food waste disposal
systems. ome common methods of disposing of
food waste used by food service operations are:

Composting Options
Food Grinders (disposers)
Mechanical strainers

Pulpers

v ¥ v b9

Strainer baskets
Composting

As of January 1, 2022, people and organizations
throughout California are required to separate organic
material (mainly food scraps and yard waste) from other
garbage’. Composting is the natural process of breaking
down biodegradable materials into a rich soil known as
compost. Materials can include not only organic matter
such as vegetables, but also biodegradable packaging
such as food-soiled cardboard boxes or compostable-
certified films and bags.

7 httos.//www.californiacompostlaw.com/
8 https.//www.stopwaste.org/rules/overview
9  https.//www.cccrecycle.org/224/SB1383-Organic-Waste-and-Edible-Food-Rec

Under SB1383, commercial properties in California must:#°

- Get Service - sign up for organics recycling

- Set Up Indoor Bins — complete with color-coded
bins and labeling

- Sort Correctly — materials must be placed in proper
bins

-> Donate Surplus Food — some businesses, such as
large restaurants, must recover and donate surplus
food

Commercial food service establishments must therefore
structure their food preparation and disposal workflows
to prioritize composting. For readers in areas without
mandatory composting requirements, such voluntary
practices may still confer water savings.

Food Grinders (Disposers)

The operation of food waste grinders in food service
operations is the same as home disposer operation. Food


https://www.californiacompostlaw.com/
https://www.stopwaste.org/rules/overview
https://www.cccrecycle.org/224/SB1383-Organic-Waste-and-Edible-Food-Rec

waste enters the grinder and mixes it with water which is
then discharged to the sanitary sewer. Grinders of different
horsepower and water flow rates are available.

Mechanical strainers

Mechanical strainers have large strainer baskets that

catch food waste for disposal. Water is drained into the
sanitary sewer or can be recirculated for rinsing plates

and other items before placing them in the dishwasher.
This eliminates the need for a pre-rinse spray valve in
many cases. Since food solids are strained from the waste
stream, they require less water per minute than garbage
grinders and use less electricity. The food solids can be
disposed of along with other solid waste from the facility or
diverted to a composting operation.

Pulpers

Pulpers use an extruder screw to squeeze water out of
food wastes. Like the mechanical strainers, this equipment
can include a recirculation feature that recirculates water
to wash food waste from plated and other items. Water
removed from the food is either sent to the sanitary

sewer or a limited part of the water is recirculated. These
systems have the advantage of removing solid waste, fats,
oils, grease, and other components from the wastewater.
According to manufacturers’ literature, they can also
recirculate up to 75 percent of the water to the head of a
sluice-trough system. The food solids can be disposed of
along with other solid waste from the facility or diverted to
a composting operation.

Strainer Baskets

Strainer baskets are one of the least energy and water
intensive technologies for capturing and diverting food
waste from the sanitary sewer, as they require no water
use. They can replace mechanical operations such as
garbage disposals, and thus eliminate the water use
associated with those technologies™. Strainer baskets
can be installed in sink drains and in tandem with pulper
systems.

Comparison of Disposal Methods

When comparing food waste disposal techniques, three
considerations need to be made:

- Water and Energy Use

- Overall Resource Use

- Ease of Staff Use
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Table 9-4 shows the basic considerations when choosing
a method of food waste management. The pre-rinse
spray valve and grinder combination is the most common
method used by food service facilities, however, it tends
to have the most energy and water use, especially if
sluice troughs are used. Both mechanical strainers and
pulpers produce a wet concentrated waste stream and
use energy and water, although less than a food grinder
trough system. Strainer baskets require the least amount
of energy and water inputs. Mechanical strainers and
pulpers use less water and energy than grinders. From

a staff standpoint, a disposer — trough — pre-rinse spray
valve system may require less work, while the other three
systems require about the same amount of human effort.

Understanding that each application has unique
needs, the table is intended to be a decision-
making matrix, with each facility choosing the
least energy and water intensive options that
continue to meet their specific requirements.

Recommendations

- The most efficient food disposal method is to
compost food waste directly rather than relying on
a food disposal device. If in California, refer to your
local city or other jurisdiction’s specific compliance
process with the Compost Law

- Use strainer baskets for the lowest water and
energy use and the potential to compost

- If food grinders, pulpers, mechanical strainers,
and/or food waste disposers are used, ensure
they have a time out system with push button to
reactivate. The maximum allowable run time cycle
shall be 10 minutes’

- Sluice troughs should have automatic shutoffs

Pot (Power) Soakers

Pot or power soakers are often use in food service
establishments where many pots, pans and casserole
dishes must be washed. These systems are comprised

of large stainless steel vessels filled with hot soapy water.
This combination of hot water and soap softens and helps
remove baked on food materials. It also reduces the time
employees must scrub such items and how long pre-rinse
spray valves may be needed. After soaking, the items can
be hand washed in a three compartment sink or placed in
a dishwasher. The water used in this system is maintained
at a temperate of 115°F to 120°F and the water is
vigorously recirculated.

10 https./www.epa.gov/system/files/documents/2023-05/ws-commercial-watersense-at-work _Section_4.9 Food_Disposals.pdf

11 https.//epubs.iapmo.org/NSPC/2021/
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TABLE 9-4: Food Waste Disposal Technologies

Impact of Technology Grinder
Solids to Sewer Yes
Recirculate No
Strain Solids Recovered No
Compost Possible No
Flow Restrictor Yes
Horse Power 1-10
GALLONS PER MINUTE 3-8
(Potable only)
Sluice Trough 515
GALLONS PER MINUTE
Water Recirculation No

The main function of a pot or power soaker is to save
employee cleaning time. Typical dimensions vary. Some
systems are configured with a rinse and sanitizer sink
following the power soaker. Water use depends on the
depth to which the soaker is filled and the number of times
it is dumped and refilled.

Recommendations

- Keep water levels as low as possible

- Only dump and refill when water becomes laden
with food particles

Dipper Wells

Dipper wells have been used for decades to rinse and
hold ice cream scoops and other serving utensils between
uses. Traditional dipper wells operate by having a constant
stream of potable water flow over the utensils and down
the drain. In a 2017 study by Frontier Energy,'? dipper

12 https./www.bewaterwise.com/assets/2015icp-dipperwellfrontierenergy.pdf

No No No
Yes Yes No
Yes Yes Yes
Yes Yes Yes
No No N/A

0.75-7.5 3-10 0

1-2 1-2 0

2-15 2-15 0
Yes Yes N/A

wells in ice cream shops, juice shops and restaurants
used over 500 gallons of water a day. A potential problem
with traditional dipper wells is that the valve can be left on
when the well is not in use.

The dipper well is a tool of convenience and can easily

be replaced with a number of available alternative
technologies. Options include cleaning procedures such
as shower rinse for the scoop, or a heat utensil holder that
maintains a minimum water temperature of 135°F. The
above-referenced Frontier Energy report describes some
of these alternatives.

The California Energy Commission is currently considering
updated appliance efficiency regulations for dipper wells.
The California Investor-Owned Ultilities (CA 10Us) advocate
for establishing a maximum flow rate of 0.2 gallons per
minute at a supply pressure of 60 pounds per square
inch'®. This recommendation “aligns with both the 2023
International Association of Plumbing and Mechanical

13  https.//efiling.energy.ca.gov/GetDocument.aspx?tn=2605818&DocumentContent!d=96883
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Officials IAPMO) Water Efficiency and Sanitation Standard
(WE-STAND)'* and 2024 IAPMO Uniform Plumbing
Codes.”"®

Recommendations

- Use one of the alternatives to dipper wells
now available

- Consider rinsing scoops under a faucet with a 0.5
gallons per minute aerator

= |If dipper wells are used, install a flow restrictor
to adjust the flow to a maximum of 0.2 gallons
per minute

- Ensure staff knows that dipper well faucets should
be shut off at the end of the work day

- Store ice cream scoops that require a dipping well
in hot water (140°F or above) or in the ice cream
itself with the handle out (each flavor must have its
own individual scoop)

Dishwashers

Dishwashers can be assessed by machine type and
method of sanitation they use. Operational considerations
are discussed below.

Method of Sanitation

There are high temperature and low temperature
dishwashers (also known as chemical sanitizing
machines). High temperature systems use hot water to
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sanitize dishes while chemical types use chlorine
compounds.'® Chemical sanitizing systems tend to use
more water per rack than high temperature systems. The
EPA Energy Star program classifies dishwashers into high
temperature and low temperature type categories.

Energy Star requirements for energy and water use are
shown in Table 9-5. Note that a “rack” is a 20 inch by 20
inch rack where dishes and ware are placed to be inserted
into the washer.

Machine Type
As the table above shows, there are many machine types:

- Under the counter machines

- Door-type dishwashers that allow a rack of dishes
to be placed in the washer

Wash cycles typically last from one to three
minutes

- Conveyor systems that pull the racks through the
machine

- Flight type washers that operate by continuously
pulling pegged racks of ware to be washed
through the machine. Washing is complete in one
to three minutes.

These systems are designed for very high
volume operations; typically found in large
institutional facilities such as hospitals and
large hotels with banquet facilities

TABLE 9-5: Energy Star Requirements for Energy and Water Use

High Temp Efficiency Requirements

Low Temp Efficiency Requirements

Machine Type

Under Counter <0.30 kW <0.86 GPR <0.25 kW <1.19 GPR
Stationary Single Tank Door <0.55 kW <0.89 GPR <0.30 kW <1.18 GPR
Pot, Pan, and Utensil <0.90 kW < 0.58 GPSF n/a n/a
Single Tank Conveyor <1.20 kW <0.70 GPR <0.85 kW <0.79 GPR
Multiple Tank Conveyor <1.85kW <0.54 GPR <1.00 kW <0.54 GPR
Single Tank Flight Type Reported GPH = 2.975x + 55.00 n/a n/a
Multiple Tank Flight Type Reported GPH = 4.96x + 17.00 n/a n/a

14 https.//iapmo.org/newsroom/press-releases/2023-iapmo-water-efficiency-and-sanitation-standard-now-available

15 https.//epubs.iapmo.org/2024/UPC/

16  https.//www.anfoonline.org/docs/default-source/legacy-docs/docs/ce-articles/focli2017.pdf 89


https://www.bewaterwise.com/assets/2015icp-dipperwellfrontierenergy.pdf
https://iapmo.org/newsroom/press-releases/2023-iapmo-water-efficiency-and-sanitation-standard-now-available
https://epubs.iapmo.org/2024/UPC/
https://www.anfponline.org/docs/default-source/legacy-docs/docs/ce-articles/fpc112017.pdf

Ch 9—Food Service Operations

Dump and Fill vs. Recirculation

Most door type dishwashers are dump and fill type
machines. Conveyor and flight types can recirculate water
form the rinse cycle for the first wash if they are multi tank
types. Multi tank washers are more water efficient.

Operational Considerations

- In busy food service operations where large
amounts of racks are washed small differences in
gallons used per rack becomes important

- Employees failing to fill dish racks completely is a
practice that wastes water

- The restaurant industry makes extensive use of
refurbished dishwashers. Many of these older
refurbished models are far from water efficient

Recommendations

- When leasing or purchasing equipment, always
specify that the dishwasher meets Energy Star
criteria

- Do not allow leasing entities to install old, non-
qualified equipment, and instruct them to set
the equipment for energy and water efficient
operations

- Train staff in how to properly operate the
equipment

- High temperature machines are more water
efficient in general

- Use multi-tank washers where possible

- “Filland dump” style machines are not
recommended

Washing and Sanitation

- Floor Washing

Hood Washing
Washing Outdoor Areas
Handwash Sinks

v o9

Clean in Place Systems

Floor Washing

Cleaning floors in kitchen, dining, and restroom areas is a
reccuring operation. A customary practice is to mop the
kitchen floor with soapy water and use a high-pressure
hose with hot water to rinse the soapy water into the

floor drain. Squeegees are an alternative for the removal
of excess soapy water without the need for additional
clean water. Where the floor is full of tables and chairs

or food preparation equipment, mopping is often the

only choice for cleaning. When cleaning items such as
meat processing equipment or floors with a lot of grease
and oils, pressure washing may be necessary. In these
cases, high pressure equipment that sprays both cleaning
chemicals and high-pressure water can be used. Pressure
washers with hoods that contain the spray and minimize
water use can be used, and some have a vacuum
adaptation that will vacuum up the wash water.

Where floor space is more open and permits, floor
cleaning machines that both clean and squeegee used
water are available and are one of the most water efficient
ways to wash floors.



Recommendations

- Ensure that all spray type equipment is equipped
with self-closing nozzles

- Avoid using garden hoses without a nozzle

-> Choose water efficient floor cleaners that both
wash and squeegee the floor

- Choose pressure-washing equipment for floor and
floor-mat washing

If hot water pressure washers are used, ensure
that they use 2.5 gallons per minute or less

- Use floor-cleaning machines on smooth surfaces

- Arrange equipment so squeegeeing can be
done easily

Hood Washing

Hoods over cooking equipment are found in most food
service establishments. The hoods collect grease and
other fire hazard material. Hand cleaning of hoods is
time-consuming, whereas hood washer systems offer a
convenient way to clean a variety of hoods.'” The hood
washer sprays soapy hot water over the grease-extractor
systems after the hood is turned off. Timing can be pre-
set depending upon the amount of grease that collects.

Hood washers may or may not use less water than
conventional manual cleaning methods, depending upon
the frequency of washing and how the water use with the
hood system compares to water use of manual cleaning,
usually done with a pressure washer. Hood systems may
save water when properly operated.

Washing Outdoor Areas

QOutdoor areas including outdoor eating areas, areas
around dumpsters, food delivery truck areas, and other
hard surface areas around a facility can often only be
cleaned by washing. In general, sweeping is encouraged,
but if water is needed a comparison of water broom flow
rates to other equipment flow rates (such as hose nozzles
or industrial wash down sprayers) should be made to
decide on the best equipment to use.

17 https.//hvac-blog.acca.org/understanding-commercial-kitchen-exhaust-hoods/
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Recommendations

- Sweep or use a leaf blower where possible

- In some jurisdictions, allowing wash water with
detergents and/or chemicals is prohibited. In these
cases, use cleaning techniques that also vacuum
up the wash water.

> Use water brooms where runoff is not an issue.

= Water use should be limited to 3.0 gallons per
minute or less.

= Limit low volume pressure washer use

- Do not use a garden hose without a shutoff nozzle
Handwash Sinks

Upgrading to 0.5 gallons per minute aerators in all
kitchen handwash sinks can save significant water saving
impact since hand washing is constant in food service
establishments. Installing automated features for kitchen
faucets can also help conserve water, such as motion
sensor or hands free (foot or knee activated) faucets.

Upgrading the Aerator for a Handwash Sink
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Chapter 10
LAUNDRIES AND
DRY CLEANING OPERATIONS

his chapter will provide an overview of the standards and commercial operations, such as hotels, nursing

and water use characteristics of laundry equipment, homes, hospitals, athletic facilities, and prisons. Industrial
including water saving technologies such as water reuse, laundries offer services for the same set of on-premises
recycling, and ozone. users, as well as uniform, diaper, and linen services.

Dry-cleaning establishments often have on-premises
laundry equipment as well. The U.S. laundry facilities and
dry-cleaning services market size is expected to reach
USD 14.4 billion by 2028. It is estimated to grow at a
compound annual growth rate (CAGR) of 4% from 2021 to
2028."

A Typical Laundromat

The first equipment standards were enacted at the state
level in California with the Warren-Alquist Act in 1974.2
At the national level, the Energy Policy and Conservation
Act (EPCA) was enacted in 1975, and established a
federal program consisting of test procedures, labeling,
and energy targets for consumer products. EPCA was
amended in 1979 and the Department of Energy (DOE)
was directed to establish energy conservation standards
for consumer products.® Federal energy efficiency
requirements established for covered products under
EPCA generally supersede State laws and regulations
concerning energy conservation testing, labeling, and
standards.*

Photo by Ryan McGuire from Pixabay Table 10-1° summarizes the size of various types of
entities that have commercial or industrial laundries or use

Commercial laundry operations cover a range of industrial laundries for cleaning their fabrics.

applications from laundromats and common
laundry-rooms in apartment buildings, to

on-premises laundries for institutions TABLE 10-1: US and California Laundry
and Dry-Cleaning Market
R e e G NUMBER OF ENTITIES

Facilities-Dry-Cleaning-Services-Market-2021-

2028-Coin-operated-Retail-LaundryDry-Clean- R .

Services-Corporatelndustrial-Laundry-Services USA Cahforn'a
2 https.//database.aceee.org/state/

appliance-standards-summary

3 https.//www.energy.gov/eere/buildings/ HOTELS AND
history-and-impacts#.~text=At%20the%20 1 32,228 5,596
national%20level%2C%20the,energy %20 MOTELS
targets%20for%20consumer%20products.
4 httos./www.federalregister.gov/
documents/2021/12/20/2021-27461/ LAUNDROMATS 18,304 2,275
energy-conservation-program-energy-
conservation-standards-for-commercial-
clothes-washers#citation-3-p71842 | N DUSTR'AL 2 38 468
5 https.//www.dreambigtravelfarblog.com/blog/ 5
hotel-industry-statistics, LAUNDRIES ’

https.//www.ibisworld.com/industry-statistics/

number-of-businesses/laundromats-united-

States,

https.//www.ibisworld.com/industry-statistics/ DRY CLEANERS 30,723 1 ,91 O
number-of-businesses/industrial-laundry-linen-

supply-unitedstates,

https.//www.ibisworld.com/us/industry/

california/dry-cleaners/14979
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https://www.businesswire.com/news/home/20210630005665/en/US-Laundry-Facilities-Dry-Cleaning-Services-Market-2021-2028-Coin-operated-Retail-LaundryDry-Clean-Services-CorporateIndustrial-Laundry-Services
https://www.businesswire.com/news/home/20210630005665/en/US-Laundry-Facilities-Dry-Cleaning-Services-Market-2021-2028-Coin-operated-Retail-LaundryDry-Clean-Services-CorporateIndustrial-Laundry-Services
https://www.businesswire.com/news/home/20210630005665/en/US-Laundry-Facilities-Dry-Cleaning-Services-Market-2021-2028-Coin-operated-Retail-LaundryDry-Clean-Services-CorporateIndustrial-Laundry-Services
https://database.aceee.org/state/appliance-standards-summary
https://database.aceee.org/state/appliance-standards-summary
https://www.energy.gov/eere/buildings/history-and-impacts#
https://www.energy.gov/eere/buildings/history-and-impacts#
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
https://www.dreambigtravelfarblog.com/blog/hotel-industry-statistics
https://www.dreambigtravelfarblog.com/blog/hotel-industry-statistics
https://www.ibisworld.com/industry-statistics/number-of-businesses/laundromats-united-states
https://www.ibisworld.com/industry-statistics/number-of-businesses/laundromats-united-states
https://www.ibisworld.com/industry-statistics/number-of-businesses/laundromats-united-states
https://www.ibisworld.com/industry-statistics/number-of-businesses/industrial-laundry-linen-supply-unitedstates
https://www.ibisworld.com/industry-statistics/number-of-businesses/industrial-laundry-linen-supply-unitedstates
https://www.ibisworld.com/industry-statistics/number-of-businesses/industrial-laundry-linen-supply-unitedstates
https://www.ibisworld.com/us/industry/california/dry-cleaners/14979
https://www.ibisworld.com/us/industry/california/dry-cleaners/14979
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Clothes-washing equipment used at commercial and
industrial laundry operations include:

Top-loading washers

Front-loading washers

Tunnel washers

v v v

Washer extractors

Common Terminology

- Coin/card operated — A clothes washer used in
laundromats, hotels, dormitories and other self-
help laundry services. The washer and dryer use
coins or a card for payment

- Hard mount - A clothes washer bolted to the floor
to overcome centrifugal force during the spin cycle.

- Soft mount - A clothes washer that is stabilized
by weight to overcome centrifugal force during the
spin cycle and not bolted to the floor

- Industrial Laundries - Very large laundry facilities
taking in volumes of laundry ranging from company
uniforms to hospital and institutional laundry to
heavily soiled wipe rags and fabrics.

- Integrated Water Factor (IWF) - The gallons of
water used per cubic foot of volume (volumetric
capacity of the clothes washer container) for one
load. Common units in gallons per cubic foot per
cycle (load).

- Modified Energy Factor (MEF) — The quotient
of the volumetric capacity of the clothes container,
C, divided by the total clothes washer energy
consumption per cycle (load), including energy
used to run the equipment, energy used to heat
the water, and the energy used to dry the clothes.
Common units in cubic feet per total kilowatt hours
to wash and dry the clothes.

-> Multi load washer - A clothes washer found
in laundromats and similar facilities. Standard
washers have drum capacity of 2.0 to 4.0 cubic
feet while multi-load washer have capacities up to,
and possibly exceeding, 9.0 cubic feet.®

- On-premises system — Laundry equipment for
over 40 and up to 700 pounds of laundry per
load used by hotels and other larger commercial
and institutional operations. Unlike residential
equipment, these washers have a wide range of
settings for wash time, volume of water and types

of chemicals that are fed. Route operators typically
help program this equipment.

-> Route operator — A representative, often of the
chemical company, that supplies the laundry with
detergent and other chemicals and is the one who
sets the clothes washer for each type of fabric
washes (chemicals fed, and the time, water use
and chemical use for each type of fabric washed).
Route operators are an integral component in
effective water conservation programs.

Equipment Standards

Manufacturers have been required to comply with the DOE
energy conservation standards for clothes washers since
1988.

However, it wasn’t until 2005 with the passage of
the Energy Policy Act (EPAct), which amended
the EPCA, that commercial clothes washer
(CCW) soft-mount machines with a horizontal
axis and 3.5 cubic feet of volume and top-loading
machines with 4.0 cubic feet of volume were
regulated for the first time.

Manufacturers have been required to comply with the DOE
energy conservation standards for CCWs since 2007 .

EPAct established standards for CCWsand directed
DOE to conduct two rulemakings to determine whether
the established standards should be amended. DOE
completed the first of these rulemakings by publishing
a final rule on January 8, 2010 that amended energy
conservation standards for CCWs manufactured on or
after January 8, 2013.

DOE's most recent energy and water
conservation standards for CCWs were published
in the February 2024 Final Rule, which applied to
CCWs manufactured on or after January 1, 2018.7

The standards listed in Table 10-2 are applicable as of
June 13, 2024.

“Relative to the prior standards, which took effect in
2013, the new standards represent energy savings

of 156% and 18% for top-loading and front-loading
washers, respectively. The standards also reduce the
water consumption of front-loaders by 20%, while the
maximum water use of top-loaders remained essentially
unchanged. MEF is expressed in terms of cubic feet of

6 For example, the Maytag Rigid Mount MYR65Pd has a capacity of 9.25 cubic feet: https.,//www.whirlpool.com/content/dam/global/
maytag/commercial-laundry/commercial-washer/spec-sheets/Maytag MultiLoadWasher Vended 1Page Rigid_SpecSheet.pdf

7 https./www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-

energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842


https://www.whirlpool.com/content/dam/global/maytag/commercial-laundry/commercial-washer/spec-sheets/Maytag_MultiLoadWasher_Vended_1Page_Rigid_SpecSheet.pdf
https://www.whirlpool.com/content/dam/global/maytag/commercial-laundry/commercial-washer/spec-sheets/Maytag_MultiLoadWasher_Vended_1Page_Rigid_SpecSheet.pdf
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
https://www.federalregister.gov/documents/2021/12/20/2021-27461/energy-conservation-program-energy-conservation-standards-for-commercial-clothes-washers#citation-3-p71842
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TABLE 10-2: Federal Energy Conservation Standards for Commercial
Clothes Washers Manufactured On or After January 1, 2018

MINIMUM MODIFIED
ENERGY FACTOR

EQUIPMENT CLASS

TOP-LOADING

FRONT-LOADING

(“MEF”) - CUBIC FEET
(“FT3”)/KILOWATT-HOUR
(“KWH”)/CYCLE

1.35

2.00

MAXIMUM INTEGRATED

WATER FACTOR (“IWF”)

- GALLONS (“GAL”)/FT3/
CYCLE)

8.8

4.1

TABLE 10-3: EPA Energy Star Integrated Water Factor for Clothes Washers

PRODUCT TYPE

ENERGY STAR Residential Clothes Washers,
Front-loading (> 2.5 cu-ft)

ENERGY STAR Residential Clothes Washers,
Top-loading (> 2.5 cu-ft)

ENERGY STAR Residential Clothes Washers
(£ 2.5 cu-ft)

ENERGY STAR COMMERCIAL
Clothes Washers

ENERGY STAR Combination
All-in-One Washer-Dryer

CURRENT CRITERIA LEVELS
(AS OF APRIL 22, 2021)

IMEF > 2.76
IWF < 3.2

IMEF > 2.06
IWF < 4.3

IMEF > 2.07
IWF < 4.2

MEFJ2 > 2.20
IWF < 4.0

Meets IMEF, IWF and the current EN-

ERGY STAR requirements for clothes

dryers (except the time requirements)
for the closest product type
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washer capacity per kWh of energy consumed per cycle.
MEF incorporates machine electrical energy consumption,
hot water energy consumption, and the energy required
to remove the remaining moisture in the clothes. IWF is
expressed in terms of gallons of water consumed per
cubic foot of washer capacity. A higher MEF indicates
better energy efficiency, while a lower IWF indicates better

water efficiency” (Appliance Standards Awareness Project).

The US Environmental Protection Agency Energy Star
Program also has energy and water use standards

for residential and commercial clothes washers. The
maximum integrated water factor to be Energy Star
certified for a commercial clothes washer is 4.0 and

the EPA only certifies washers up to 8.0 cubic feet of
capacity.® The Energy Star Program does not certify top
loading clothes washers because they are both energy
and water inefficient. As demonstrated in Table 10-3, the
Federal DOE standards for commercial clothes washers
are much less stringent than the US EPA Energy Star
standards.

The Energy Star database?® lists all certified clothes
washers meeting their commercial washer standards.

Commercial Laundries

An Array of Front-Loading Machines
at a Commercial Laundry Facility

% Lo

B\

Commercial clothes washers are defined as soft-mounted
(not bolted to the floor) front-loading or top-loading clothes
washers that are no more than 3.5 cubic feet for front
loaders, no more than 4.0 cubic feet for top loaders, and
used in applications in which the occupants of more than
one household will be using the clothes washer, such as
multi-family housing common areas, coin laundries, or
other commercial applications. According to the Alliance
for Water Efficiency (AWE), while in-home machines
average only 6 to 8 loads per week, common area
machines often wash 20 to 50 loads per week per clothes
washer. Single load washer capacity is under 20 pounds
but multi load washers can wash up to more than 50
pounds.'® The volume capacity of laundromat equipment
ranges from 1.7 to over 12 cubic feet.

According to the Alliance for Water Efficiency,
most coin-op washers are vertical-axis and have
a Water Factor (WF) rating of 9.5 to 12; using 32 to
38 gallons per load (132.5 L to 170.29 L) (lower WF
rating equates to less water use). Newer water
efficient models have a WF rating of 4 to 8; using
as little as 15 gallons per load (56.8 L).""

Top-load, soft-mount washers previously dominated the
market; however, commercial front load washers are
starting to be used more frequently in laundromats. Front
loading machines are more efficient than top loading
machines because the horizonal configuration allows for
more room to put clothes in and less water is required to
cover the clothes. Instead of using an agitator or impeller,
a front-load washer cycles the clothes through a minimal
amount of water and detergent by rotating the drum

in different directions. Gravity drops the clothing in the
water repeatedly throughout the cleaning process. A host
of specialty cycles ensure effective and energy-efficient
washing, according to Energy Star.

Significantly greater energy and water savings could

be achieved if all commercial clothes washers met the
efficiency levels of front-loading machines. Under the
current CCW equipment standards, a top-loading washer
can consume almost 50% more energy and more than
twice as much water as a front-loading washer with the
same cubic feet capacity (US Department of Energy).

Commercial multi-load washers can exceed capacities
of 80 pounds per load as compared with less than 20
for conventional equipment. Standards for multi-load
equipment and single-load hard-mount equipment
were not included in the EPCA. Multi-load equipment

8 https.//www.energystar.gov/sites/default/files/asset/document/ENERGY %20STAR%20Version%208.1%20Clothes%20
Washer%20Final%20Specificaiton%20-%20Partner%20Commitments%20and%20Eligibility %20Criteria.pdf

9 https.//www.energystar.gov/productfinder/product/certified-commercial-clothes-washers/results
10, 11 https./www.allianceforwaterefficiency.org/resources/topic/laundromats-and-common-area-laundry-facilities


https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%208.1%20Clothes%20Washer%20Final%20Specificaiton%20-%20Partner%20Commitments%20and%20Eligibility%20Criteria.pdf
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%208.1%20Clothes%20Washer%20Final%20Specificaiton%20-%20Partner%20Commitments%20and%20Eligibility%20Criteria.pdf
https://www.energystar.gov/productfinder/product/certified-commercial-clothes-washers/results
https://www.allianceforwaterefficiency.org/resources/topic/laundromats-and-common-area-laundry-facilities
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is essentially the same as the equipment used by
commercial on-premises and industrial laundries.
Multi-load equipment is designed with many possible
settings and cycles to accommodate a range of washing
requirements with large variations in water use. The
manufacturer or equipment provider must preset the
controls for the washing requirement prior to installation to
avoid excessive water use.

As water and wastewater rates increase throughout the
country, it is to the benefit of laundromat owners to rent
or buy machines that are efficient to minimize utility costs.
Water efficiency also helps increase energy savings as the
need for hot water is reduced.

Many laundromats lease their machines and, to
achieve water savings, the laundromat owner
must work with the clothes washer leasing agent
to rent and maintain higher efficiency equipment.

On-Premises Laundries

On-premises laundries (OPL) use washer-extractors

are identical to the multi-load equipment used in
laundromats, except they have no coin boxes and can
be much larger. Load capacities range from 25 to as
much as 1,000 pounds. Washer-extractors are designed
to wash everything from relatively clean hotel towels and
bedding to heavily soiled items from nursing homes and

Example of an On-Premises Laundry Facility

commercial kitchens. All equipment in this category uses
a horizontal configuration and is, therefore, relatively
efficient. Examples of OPL applications include prisons,
jails, hotels, hospitals, athletic facilities, food and beverage
manufacturers, and uniform washing for businesses and
military.

TABLE 10-4: On-Premises Laundry Production in Common Operations

TYPE OF OPERATION POUNDS/PERSON/DAY POUNDS/ROOM/DAY
HOSPITALS 25
NURSING HOMES 25
MOTELS 23
HOTELS 36
UNIVERSITY DORMS 20
JAILS 10
PRISONS 12

Source: (Riesenberger and Koeller)
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A typical washer extractor uses 3-4 gallons of water per
pound of fabric, and in the most efficient of the machines,
only 2.5 gallons of water is needed per pound of fabric.'
Some washer extractors have recycling features built in
that allow the water to be reused.® Because the items
being washed vary greatly, the equipment needs to be
adjustable. A study for the California Water Efficiency
Partnership™ illustrates these points.

Table 10-4 shows the amount of laundry produced by
each of the most common OPL operations and laundry
characteristics based upon degree of soiling.

The level of soiling strongly influences the amount of
water required, because of the number of cycles needed
to wash the items and the corresponding water levels
needed for each cycle. Unlike residential and coin/

card type laundry equipment, OPL equipment has the
possibility of many settings including time of wash,
temperature, volume of water in the washer, and the types
of fabric. This makes the volume of water used susceptible
to how the equipment is set up to operate, but also gives
the benefit of being able to use the minimal amount of
water, energy, and chemicals. Sorting laundry items and
using the correct setting can save significant amounts of
water.

Industrial Laundries

A Commercial Dry-Cleaning Facility
' w

Industrial laundries comprise a special subset of
commercial laundries. These are very large operations
that typically offer services to institutional users such as
hospitals and prisons and commercial enterprises such as
hotels and restaurants. They often offer uniform and linen
leasing, cleaning, and related functions. Industrial laundries
use horizontal washer extractors identical to those used
by OPL operations and large volume equipment called
tunnel washers. Tunnel washers are commonly found in
operations processing over 1,500 pounds of laundry an
hour.

G. A. Braun Inc. in Syracuse, N.Y., states that tunnel
washers have achieved water usage rates as low as
0.3-0.4 gallons per pound. This is opposed to 2.0 to

3.5 gallons per pound of laundry for other on-premises
systems.’ A tunnel washer works just like a front-loading
machine but can wash loads 30 times larger than an
average laundry machine. Tunnel washers are very
expensive and typically not justified unless the laundry is
washing 800 pounds of laundry an hour or more.'®

Dry Cleaning

The dry-cleaning process uses a chemical agent to clean
clothing instead of water (unless the operation uses a

“wet cleaning” method). Typically, clothes are added into a
drum machine with a chemical agent and sometimes other
detergents, spun to remove the agent, then tumbled with
hot air. Dry cleaning operations are phasing out the use of
perchloroethylene (perc) as a dry-cleaning agent due to
air-quality and carcinogenic concerns.

In the 2008 EBMUD Guidebook, there were three
technologies that were considered to replace perc dry-
cleaning operations:

-> Supercritical or liquid carbon-dioxide (CO2)
technologies

- Silicon-based compounds

- Wet-cleaning methods, similar to front-loading
washers

Carbon dioxide and silicon based technologies nearly
eliminate water use so long as air cooling is used in the
process-fluid operations. Silicon based technology can
be used in some existing dry-cleaning equipment that
currently uses perchloroethylene. Pressurized (liquid)
CO2 and detergent can be circulated through specialized
equipment to remove dirt from clothes with no water.

12 https./www.milnor.com/technical-knowledge-base/washer-extractors/general-information-4/water-usage/

13  https.//unimac.com/products/unimac-washer-extractors/

14 https.//calwep.org/wp-content/uploads/2021/03/0n-Premise-Laundries-PBMP-2005.pdf
15 American Laundry News, December 2018, https.//americanlaundrynews.com/articles/efficient-flexible-tunnel-washers

16 https./www.milnor.com/technical-knowledge-base/


https://www.milnor.com/technical-knowledge-base/washer-extractors/general-information-4/water-usage/
https://unimac.com/products/unimac-washer-extractors/
https://calwep.org/wp-content/uploads/2021/03/On-Premise-Laundries-PBMP-2005.pdf
https://americanlaundrynews.com/articles/efficient-flexible-tunnel-washers
https://www.milnor.com/technical-knowledge-base/
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Detail from a Commercial Dry Cleaning Facility

s

Photo by Waldemar on Unsplash

The wet cleaning method uses washer equipment almost
identical to normal horizontal washers and uses water in
the process. Volumes per cubic foot are lower than those
for conventional washer operations.

More technologies'” have been developed to replace
perchloroethylene. Although some of these technologies
are less toxic than perc and promoted as a “safe, green
or environmentally friendly” alternative, some of these
solvents are still flammable, volatile, and hazardous:

- n-Propyl bromide (nPB)

- Cyclic volatile methyl siloxane
decamethylcyclopentasiloxane (D5)

- Propylene glycol ethers
- High-flash hydrocarbons
- Acetals (butane (butylal))

Water Reuse, Recycling
and Ozone Systems

Water reuse, recycling, ozone, and low water laundry
systems using developing technologies such as

reusable polymer spheres, can reduce water use and
wastewater volumes. These technologies can also reduce
pretreatment costs and energy use.

17 https./www.ftc.gov/sites/default/files/documents/
public_comments/16-cfr-part-423-trade-regulation-

A simple recycle and reuse laundry system recovers the
discharge from the final rinse in a multi-cycle operation for
use in the first flush or first rinse of the next cycle. More
complex systems can recover more than 85% of the water
for reuse. Simple laundry systems rarely incorporate any
type of treatment, since the final rinse water tends to be
very clean. These systems are limited to a 10 to 35%
savings (Laundry Today, 2005).

However, to achieve consistently higher recovery
rates, used wash water must be treated to some
extent before reuse.

Ecolab’s Aquamiser and the Aqua 360 systems are
examples that have been around for more than a decade.
Water is filtered to remove lint and dirt, then reheated and
sent for reuse. Still other systems process wash water to
the point that it can be recycled for use in all cycles of the
washing process. These systems can recycle up to 90%
of wastewater.

Other laundry companies have included water saving
technologies such wastewater recycling, water storage,
water softeners, and reverse osmosis with the goal of
reducing water consumption and wastewater costs.
These technologies are more likely to be used in industrial
laundry operations than in a local commercial laundromat.

rule-care-labeling-textile-wearing-apparel-and-certain-piece-goods-.r511915-00054%C2%A0,/00054-85206.pdf


https://www.ftc.gov/sites/default/files/documents/public_comments/16-cfr-part-423-trade-regulation-rule-care-labeling-textile-wearing-apparel-and-certain-piece-goods-.r511915-00054%C2%A0/00054-85206.pdf
https://www.ftc.gov/sites/default/files/documents/public_comments/16-cfr-part-423-trade-regulation-rule-care-labeling-textile-wearing-apparel-and-certain-piece-goods-.r511915-00054%C2%A0/00054-85206.pdf
https://www.ftc.gov/sites/default/files/documents/public_comments/16-cfr-part-423-trade-regulation-rule-care-labeling-textile-wearing-apparel-and-certain-piece-goods-.r511915-00054%C2%A0/00054-85206.pdf
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While using ozone in the laundry process is providing to be

an environmentally friendly way to reduce energy usage in
the commercial laundry washing process, potential water
savings as a result of the technology are inconsistent. One
US Department of Energy report found a 60%reduction in
hot water energy requirements. However, the same report
notes that water usage can vary from site to site, and that
unlike energy savings, water savings are not ensured by
the installation of an ozone system.®

Recommendations
General

- Choose the most water efficient equipment
available

Look for the EPA Energy Star rating

Choose machines with a high Integrated
Modified Energy Factor (IMEF) and a low
Integrated Water Factor (IWF)

Consider systems with water reuse, water
recycle, and/or ozone capabilities

- Retrofit laundromats with multi-load units

- Install sub- or flowmeters [include link to/page for
metering chapter] on the cold-water line, including
a meter for the feed to the facility boiler (water
heater).

Monitoring means faster identification of
issues, as well as volumetric tracking

Sub- or flowmeters should be read daily or
connected to the facility dashboard

Schedule routine equipment leak checks and
maintenance/upgrades

Ensure that steam and hot water systems are
insulated and operating properly

Operational

-> Choose tunnel washers where laundry volume is
large enough (tunnel washers are the most water
and energy efficient systems)

Choose tunnel systems using less than 0.6
gallons per pound of laundry

Perform regular review of the tunnel washer
computer control system to minimize water,
energy, and chemical use

- Choose equipment with a broad range of possible

wash settings

Work with a route operator to formulate settings
for the types of items to be washed so that the
setting use will minimize energy, chemical, and
water use

Wash clothes in cold water using cold-water
detergents whenever possible

Ensure that staff are trained and that there is
proper signage to separate laundry by the washing
setting needed.

Post energy and water use data for employees
to see and award increased water and energy
efficiency

Laundromats

->

Single-load hard-mount laundromat or other coin-
and card-operated machines should have a WF of
8.0 or less.

Multi-load coin and card operated machines must
have an IWF of 8.8 or less and be installed with
proper settings to achieve the required IWF

Post signage encouraging customers to wash and
dry full loads

For small loads, encourage customers to use the
appropriate water-level setting

Purchase single-load soft-mount washers with a
WEF of 3.8 or less

Encourage the use of non-wet dry-cleaning

Use dry lint collection systems with appropriate fire
suppression systems that only activate when there
is an actual fire risk

18 https.//betterbuildingssolutioncenter.energy.govy/sites/default/files/attachments/Ozone_Tech_Demo_ Flyer 508.pdf


https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Ozone_Tech_Demo_Flyer_508.pdf
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Chapter 11
MEDICAL FACILITIES AND
LABORATORIES

Hospitals as well as medical,
veterinary, and dental clinics along

The Us EPA est
Practices jn in

im
ates that |mplementing Wwater-

with medical laboratories use water stituti i 3

in similar ways. Many factors can costs by appr O:('itr:t;::,a' facilities cap decrease EffICIe;:.t
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water that is being used in a medical the | A shows that just 28 Cent, reSpect:Vely_ » Additi

facility such as on site laundry, ab, while the rest js Peércent of Water js - rionally,
Outdoor iffigation, accounted for n sed C_ilrectly in

food preparation, and landscape
practices, just to name a few. There is

a significant opportunity in this industry to
design more water efficient facilities.

Hospitals and laboratories also often have high rates of
fresh air intake compared to other types of facilities, which
means that their air conditioning systems often produce
higher volumes of air conditioning condensate, especially
in humid areas. This points to the substantial potential to
capture and reuse condensate for non-potable uses. The
chapter Alternate Onsite Water Sources covers options for
recovery and reuse of this water source.

Equipment and Operations within
Medical and Laboratory Facilities
1. Medical instruments, glassware, cages, racks,
and bottles washers
- Pre-sterilization washers
- Glassware and equipment washers
-> (Cage and bottle washers

2. Sterilizers
3. Vacuum and compressor systems
- Whole building systems
- Point-of-use systems
- Ultra-high vacuum systems
- Compressor systems

4. Instrument and equipment cooling
- List of potential equipment using cooling
= Water and energy efficient cooling methods

5. Medical air and compressor systems
- Compressor types

1 https://www.epa.gov/system/files/documents/2022-08/
ws-webinars-Laboratory-Water-Efficiency.pdf

©

10.

11.

Laboratory fume hoods
- Perchlorate hoods
- Scrubber hoods

Vivarium and aquarium operations

- Vivariums

- Aquariums

Kidney dialysis and specialty laboratory or
medical water treatment

- Kidney dialysis water treatment

- Medical water treatment

- Ultra-pure lab water treatment

Humidification
- Types of equipment
= Types of water use

Medical therapeutic equipment

- Pools, whirlpools, whirlpool spas, hot tubs, and
physiotherapy tanks

Miscellaneous equipment

Water Quality Testing Laboratory
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Figure 11-1: Water Use Profiles of a Laboratory

Lab Processes &
Misc. Lab Water Use
(28%)

Cooling Tower Make-Up
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Sanitary
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Single-Pass Cooling
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Boiler Feed
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Irrigation & Fountains
(4%)

Misc. HYAC/ Mechanical Room
(2%)

Reverse Osmosis Reject
o,

Steam Sterilizers
Leaks and Malfunctions (1%)
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Typical EPA laboratory building water use, based on data collected during water assessments conducted at EPA’s
laboratories between 2011 and 2019.

Graph source: 12SL, https.//www.epa.gov/system/files/documents/2022-08/ws-webinars-Laboratory-Water-Efficiency.pdf

Medical Instrument, glassware,
and cages, racks, and bottles
washers

This section describes cleaning and washing methods
including:

Pre-sterilization Washers

Glassware and Equipment Washers

Cage Washers and Bottle Cleaning

w0 b~

Types of Wash Water
Pre-sterilization washers:

Although not accounting for the most significant water
use in hospitals and medical facilities, pre-sterilization
washers are a critical part of cleaning instruments and
equipment prior to sterilization. During pre-sterilization, the
instruments and equipment are placed in an enzymatic
detergent hand wash where heavy contamination is
removed. This can be followed by both an ultrasonic
cleaning and then washing in an instrument washer. The
cleaned instruments are then sent to sterilization.

Instruments and equipment with many plastic parts
require hand cleaning. Recommmended manual cleaning
procedure involves hand washing the instruments in a
three compartment sink operation. Although tap water can
be used in the first part of the washing sequence, distilled
water and water treated by reverse osmosis (RO) is often
required. The first sink is used to pre-rinse with cold
water to remove any pretreatment product or biological
contaminants. The second sink is used to pre-soak and
physically wash instruments with an enzymatic or neutral
detergent solution. The third sink is the final rinse sink and
often uses distilled or RO water

Water conservation techniques for hand washing
include making the most use of the water in sink
and having efficient water treatment processes
in place as discussed in the section on Water
Treatment.

After manual cleaning, instrument cleaning is followed

by either mechanical or automatic cleaning via ultrasonic
cleaners, washer decontaminators, washer-disinfectors, or
washer-sterilizers.
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Tray of Surgical Instruments
Ready for Sterilization

Image source: HW (Bill) Hoffman & Associates, LLC

Ultrasonic cleaning is used to penetrate hard to reach
crevices, hinges, and lumens. The ultrasonic system
produces extremely fine bubbles and ultrasonic waves to
clean the instruments. For more information on softened
or RO water used in this process, see Water Treatment
section. Since these systems are a fill and dump type
system, the water efficient approach is to only dump and
refill when needed.

Washer-Disinfectors, often compared to high efficiency
dish washers, are the typical next step in the process.
These washers use high pressure sprays along with
cleaning and disinfecting solutions to provide a more
though cleaning. If enzymatic cleaners are used, the water
temperature should be around 140°F and if surfactant
cleaners are used, temperatures should be around 180°F.
Wash cycle times and pressure setting can impact water
use. The final rinse is typically done with RO water. The
instruments are then ready for sterilization.

Recommendations:
1. When hand washing, only use the amount of water

needed

2. Use softened or RO rinse water sparingly while
following all proper cleaning methods

3. When using ultrasonic washers, only dump and
refill when necessary

4. Operate instrument washer equipment only when
needed

Wash full loads as a matter of practice

Follow recommended settings that minimize water
use, such as wash time and pressure

2  https://www.labconco.com/download/hand-washing-case-study/1836

Glassware and Instrument
Washers

Laboratory Ware Washers:

The use of laboratory ware washers is reported to
significantly reduce water use. The Labconco study?
showed that hand washing used from 16 to 66 gallons
per load while the automated ware washer used only 10
gallons and 27 minutes of labor. The mean water use by
hand washing was a little over 34 gallons. By contrast,
the automated ware washer only used 10 gallons and
19 minutes of labor. This is a water savings of 15 gallons
per load. If two thousand loads are washed annually, this
equals 30,000 gallons of water saved, and this is hot
water that has been softened and of which some.

Most washers offer a five-step washing process, including
pre-wash using softened water, a main wash cycle(s) using
either softened hot water or deionized water, and two
rinses, but special needs of the laboratory can require up
to Five additional cycles. Water is used in several ways:

- Pre-rinse water which is typically softened water or
water recycled from the final rinse cycles

- Wash water which can be either softened water or
deionized water

- Rinse water

- Tempering water to cool discharge to below 140°F
to meet plumbing codes

- Steam if steam heating is used

- Tempering water if the steam condensate is
discharged to the sewer and not returned to the
boiler

Ultrasonic Surgical Instrument Washer

Image source: HW (Bill) Hoffman & Associates, LLC
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Image sources: HW (Bill) Hoffman & Associates, LLC

Since water must be heated, up to as high as water use compared to the old fill and siphon systems.
203°F depending on the laboratory requirements,
the reduction in water use is also the best way to
reduce energy use.

Rinsing equipment with a counter-current rinsing setup
reduces water by using cleanest water only for the last
rinse, and then used that water in a cascading manner

Modern glassware washers are significantly more energy for dirtier items. The basic premise is to use the cleanest
and water efficient than models even a decade ago. water only for the final or last stages of a rinse operation;
All modern glassware washing equipment can be set water for early rinsing tasks, when the quality of the rinse
for different wash cycles depending on the laboratory’s water is not as important, is obtained later in the process.

needs. Flask and beaker washer, pipet washers, and
miscellaneous glass and plastic ware are the most
common types of material washed, but specialty
equipment such as bioreactors require special racks
and cleaning procedures. High level analytical and
many life science operations require extra levels of
washing, thus higher water use settings.

Lab Glass Water Washer and Pipette Washer

Another major factor impacting water use is the size of
the washing equipment. The equipment ranges from
under-the-counter washers to large cabinet washers.
Large cabinet washers require more water for each full
washing cycle than small under the counter models
do, but the cabinet washers can wash significantly
more glassware at a time so total water use per item
washed remains about the same for full loads.

A special consideration are pipette washers. The old
fill and siphoned systems can use significant volumes
of water by continuously filling and draining water.
Most glassware washers can wash pipette. Some
manufacturers offer systems that reduce water use
by using compressed air and other ways of reducing

Image source: HW (Bill) Hoffman & Associates, LLC
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Recommendations: Labware Drying Rack

- Avoid hand washing where possible

-  Ware washers are more water efficient when
used appropriately:

Only run glassware washers when they
are full; fill each glassware washer rack to
maximum capacity

Operate the glassware washer near or at
the minimum flow rate recommended by the
manufacturer

Choose settings that minimize energy and
water use while still cleaning the glassware
to the desired level

If deionized water necessary, use only in final
rise cycles where possible

Clean glassware as soon as possible so
deposits do not dry on, thus requiring special

cleaning For vivarium operations (laboratory rats and
Choose water and energy efficient models; look mice), special “rack and bottle washers” are the
for the WaterSense and EnergyStar labels most efficient way to clean rat cages and water

bottles in large operations. These washers are
large roll in systems that hold whole racks of rat
cages and with special holders, watering bottles.

Select washer size that fits the needs of the
laboratory; do not oversize

Choose models that have computer-controlled
capability to minimize energy and water use. Cage, rack, and bottle washers, and cart and utensil

Choose models that monitor the load and use washers are batch-type washers with racks.

only the fill water needed

Choose models that recycle the final rinse water A Lab Rat Cage Washer and the Inside of that
for the first wash cycle Washer with a Rack of Cages Ready to Wash

Most manufacturers offer “cool-down” tanks
that cool the water prior to discharge thus
eliminating the tempering water

Consider heat recovery systems available from
many manufacturers that both conserve energy
and eliminate the need for tempering water.

» Tempering water uses potable tap water
to mix with the discharge from the washer
to reduce in-sewer temperatures to below
140°F

- |If steam is used: install heat recovery systems to
prevent the need for tempering water and return
condensate to the boiler

Cage Washers and Bottle Washers

Vivariums and other research animal facilities must wash
the cages and bottle and feeding containers used to
nourish and hydrate the animals. Image source: HW (Bill) Hoffman & Associates, LLC
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Choose modern washers using roughly 12 gallons
to 50 gallons per wash cycle,® or no more than 50

to 100 gallons per load.

Traditional cage-and-rack washers are programmed with
a pre-rinse, wash with detergents and chemicals, and

a final rinse cycle. Softened water can be used in the
pre-rinse and wash cycles, but deionized water is often
uses in the final rinse. Rinse and often wash cycle washes
typically use hot water heated to 180°F or more. Optional
cycles using hydrogen peroxide, acid washes and special
disinfection washes are available, each increasing water

use.

Tunnel washers are conveyor-type washers that
accommodate cages, racks, and other laboratory
accessories at once.

Large Monkey Cage Tunnel Washer and
Lab Rat Tunnel Cage Washer

|‘ i T I||,

| /Iy

Images source: HW (Bill) Hoffman & Associates, LLC

3 https://www.tecniplast.it/

Some researchers note that, “cage and rack
washers, while not the industry standard for
large-scale animal cage washing, are more
efficient and cost-effective to operate than tunnel
washers.*”

Since many tunnel washers vent into the workspace,
more air-conditioning may be required, thus potentially
also increasing energy costs. Tunnel washers are typically
found only in laboratories with a very large number of
cages and other equipment to wash. There are typically
four main cycles in the tunnel washer: pre-rinse, wash,
first rinse, and final rinse. The final rinse uses only fresh
water, while the other cycles can use water recycled from
the wash, first rinse, or final rinse. Starting with the final
rinse cycle, water moves countercurrent within the tunnel
washer and is disposed of after the pre-rinse cycle.

Types of water used in all types of these washers varies
with the laboratory needs, but can include:

Tap water

Softened water

Water heated to 180°F or more

Deionized water

Steam if used, and

v o v v d

Drain tempering water to reduce wastewater
discharge to below 140°F

Recommendations

- Avoid washing partial loads

- Where possible, install modern washers with
water-efficient cycles

- If needed, retrofit existing cage and rack washers
to make use of counter-current flow systems to
reuse final rinse water from one cage-washing
cycle in earlier rinses in the next washing cycle

->  With tunnel washers, use fresh water only for the
final rinse; other cycles can use water recycled
from the wash

- Install heat recovery features where possible

- Install water tempering kits, and if an energy
recovery feature cannot be used that only flow
cold tap water with water over 140°F is being
discharged.

4 https.//www.tradelineinc.com/reports/2013-6/recommended-shift-away-tunnel-cage-washers
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Figure 11-2: Aspirator in Lab and
Venturi Vacuum on Sterilizer

|

Image source: HW (Bill) Hoffman & Associates, LLC

Vacuum Systems

Vacuum systems are a common element of both medical
and laboratory work. Because of the wide variety of
vacuum system needs, this section is broken down into:

- Medical and dental systems
- Low-vacuum laboratory use

- High-vacuum laboratory use

Venturi aspirators should be replaced with dry vacuum
systems wherever possible. These systems are found in
many teaching chemistry labs and were previously used
to create a vacuum to evacuate air from vacuum steam
sterilizers. Sterilizer venturi systems can use 6.5 to 10
gallons per minute, with the vacuum phase lasting up

to 30 minutes. Water use is in the range of 350 to 400
gallons per cycle.

As an alternative to laboratory aspirators, some labs use
air aspirators like the one shown in Figure 11-2. Venturi
aspirator vacuum systems in teaching laboratories where
they are used only a few hours a year would be costly to
convert to a dry system. If the system is run only a few
hours a year, they do not use huge amounts of water.

Recirculating venturi aspirator vacuum systems are
available that recirculate water to produce the vacuum
such as the system in Figure 11-3. These are useful in
settings such as biological laboratories where the gas
being evaluated is not corrosive or otherwise a waste
that should be sent to the sewer. Another option is to use
a compressed air venturi system such as Figure 11-4,
located in a university teaching laboratory.

Liquid-ring vacuum pumps were the mainstay of
medical and dental vacuum systems until recently. They
use a closed impeller that is sealed with water to form
the vacuum. The water acts as both a seal and a once-
through cooling system. Water requirements are typically
in the range of 0.5 to 1.0 gallons per minute (gpm) per
horsepower (hp). Dental clinics have historically used
liquid ring vacuum pumps in the one to four horsepower
range. The amount of water that may be saved varies with
the type and size of equipment. According to product
literature for several types of liquid ring dental pumps,
these pumps use approximately a half gallon per minute
per horsepower, so a two-horsepower pump would use
approximately 1.0 to 1.5 gpm. An office that is open for
eight hours would use 300 to 800 gallons a day. Medical
facility central vacuum systems can be 5.0 to 20.0 hp.
Therefore, medical facilities can use as much as 20 gom
of water.

Figure 11-3: Recirculating Venturi Vacuum System

Image source: HW (Bill) Hoffman & Associates, LLC

Figure 11-4: Compressed Air Venturi System

Pe A’R-VAC
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Image source: HW (Bill) Hoffman & Associates, LLC
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Many cities do not allow liquid ring dental pumps. Dry Dry Claw Vacuum Pump in a Hospital
vacuum pumps eliminate the need for water to create a

vacuum. A small amount of water is needed at the end of
each day to flush the “knock-out drum” that collects the
waste.

Dry Vacuum Pump at a Dental Clinic

Image source: HW (Bill) Hoffman & Associates, LLC

Central vacuum systems on hospitals are much larger than
dental vacuum systems. One hospital had seven liquid
ring vacuum pumps, five of which ran continuously. Each
pump discharged 7.5 gpm, which is equal to each pump
using 10,800 gallons a day. With five pumps running
continuously, these liquid ring pumps were using over 19
million gallons of water a year.

Dry vacuum pumps offer real savings, both on water

and energy. There are a number of dry vacuum systems
that use from 20% to 40% less energy and no water to
generate the vacuum. Using the above example with the
five continuously running liquid vacuum pumps, at an
assumed water rate of $10.18 per thousand gallons, the
annual water savings that could be achieved by replacing
Image source: HW (Bill) Hoffman & Associates, LLC the liquid ring system with a dry vacuum pump would be
on the order of $193,000, not inclusive of energy savings.

Liquid Ring Vacuum Pump in a Large Hospital The following is a list of the variety of dry vacuum pumps
available. Each type of pump has its advantages and
appropriate applications:

Liquid-ring pumps

Vane pumps

Claw pumps

Rotary pumps

Scroll pumps

(2R /2NN R . 2

Piston pumps

In the hospital example above, installing dry vacuum
pumps to replace the seven liquid ring pumps would
significantly cut yearly water, wastewater, and electricity
costs. While the new vacuum systems are costly, the
payback in water and other utility savings would be swift,
Image source: HW (Bil) Hoffman & Associates, LLC with an estimate ROI of under two years.
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Laboratory Vacuum Systems Large laboratory facilities use vacuum systems for the
whole building. The vacuum pump shown in Figure 11-7
is a lubricated vane dry vacuum pump. This type of pump
find use in both laboratory and medical applications.

There are many different vacuum needs in laboratories,
but they fall into three basic categories. The first are

lab bench type systems. These vacuum systems vary
significantly, ranging from the aspirators discussed above
to tabletop vacuum pumps which for the most part, do
not use water. Examples of tabletop and laboratory hood
vacuum systems are shown in Figures 12-5 and 12-6.

Figure 11-7: Lubricated Rotary Vane
Dry Vacuum Pump

Figure 11-5: Dry Vacuum System in
Water Quality Laboratory

Image source: HW (Bill) Hoffman & Associates, LLC

Image source: HW (Bill) Hoffman & Associates, LLC . ) . - L
& (&) Again, one can find water and energy-inefficient liquid ring

pumps. The liquid ring vacuum system shown in Figure

11-8 was installed in a university biological laboratory
Figure 11-6: Dry Laboratory Vacuum Pump for building.

Chemical and Biological Work

Figure 11-8: Lubricated Rotary Vane
Dry Vacuum Pump

3 A m
g

Image source: HW (Bill) Hoffman & Associates, LLC Image source: HW (Bill) Hoffman & Associates, LLC
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Many laboratory applications require higher vacuum levels.

The two pumps shown in Figure 11-9 are for evacuating
vessels and other uses in laboratories. Again, these
pumps do not use water.

Figure 11-9: Laboratory Higher Dry
Vacuum Type Pumps

Images source: HW (Bill) Hoffman & Associates, LLC

Laboratories can sometimes require extremely high
vacuums like diffusion pumps. These are found in
industrial vacuum processing such as the production
of microelectronics and in laboratories where mass
spectrometry, analytical instrumentation, research and
development for ion implantation, and nanotechnology.

Unfortunately, some of these pumps must be water
cooled. However, a chilled water loop for the building’s air
conditioning system is often used in large systems such
as universities. Again, all once-through cooling should be
avoided.

Dry systems do not use water for the pump seal but
can use water for cooling the pump. Water use rates

for a liquid-ring pump
range from 0.5t0 1.0
gallons per minute per
horsepower. Even this
will be totally eliminated
if no cooling water is
used. Pumps should
never be cooled with a
once-through system.
If a water using system
must be used, it should
be connected to a
closed-loop or radiator-
type system. The typical
dental unit with a 1.5
hp liquid-ring pump can
use 360 to 720 gpd
(Sable Industries). For
a large medical facility
with a 12 hp pump, the water used per day can range
from 8,640 to 17,280 gallons. Newer liquid-ring pumps try
to minimize water use, so their consumption would most
likely be in the range of 8,600 to 10,000 gpd. Using a dry
vacuum pump will save significant volumes of water or
eliminate water use (Tuthill).

Diffusion Pump

Images source:
HW (Bill) Hoffman &
Associates, LLC

Recommendations

-> Avoid the use of non-recirculating venturi aspirators

- Chose systems that are sized to the need and
capable of handeling the types of gases being
evacuated

->  Where possible, use dry vacuum systems

- If a liquid ring vacuum pump must be used
because of corrosive conditions, use a non-potable
source of water or water recirculation system if
possible

-> Where water cooling is needed, connect the
vacuum system to the chilled water system for
recirculation

Medical Air and Compressor
Systems

Medical air and compressor equipment is used for a
multitude of purposes in most dental and medical facilities.
The only water use associated with this type of equipment
is for cooling, done with once-through cooling, a radiator
type system, or a closed loop system, such as a cooling
tower or chilled water loop. Many air compressors today
are air-cooled. For water efficiency, use air-cooled or
closed loop systems.
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Compressed air has a wide variety of applications in both
medical and laboratory operations. There are four main
types of air compressors:

- Rotary screw compressors

- Reciprocating air compressors

- Axial compressors

- Centrifugal compressors
Axial and centrifugal compressors are called dynamic
systems. Rotary and reciprocating pumps work on
the principle of positive displacement. The three main
components of any compressed air system used by
medical and laboratory systems are:

1. The compressor

2. The cooling system

3. The compressed air storage tank.

Reciprocating Piston Air-cooled
Laboratory Compressor

Image source: HW (Bill) Hoffman & Associates, LLC

When air is compressed, heat is generated in accordance
with the following equation.

PV,
— =

1 2

This waste heat can be removed either by air or water. Air
is the most common method of cooling compressed air
systems. Where water is used, it should always be used
in conjunction with chilled water or cooling tower cooling
loop.

Hospital compressed air must be free of any oils, so
oil-less systems are used. The air is filtered and dried.
Air humidity control is important. All hospital and clinical
applications must meet the National Fire and Protection
NFPA -99 Code Standards since compressor operation
produces heat. The uses of compressed air in medical
application include:

- Driving incubators and ventilators and for
controlled air flow with certain oxygen gas systems
for patients

As a carrier gas for anesthesia
To operated certain physical therapy equipment
As a power source for pneumatic surgical tools

v v v

Dental compressed air systems are used to drive
dental tools.

Laboratory compressor types will depend on the specific
use for the air. However, the methods of cooling the
compressor are the same as for medical applications.

Recommendations

- Use air-cooled systems wherever possible

- If a water-cooled compressor must be used,
ensure it is connected to chilled water or cooling
tower cooling loop

-> Never use once-through cooling

Medical and Laboratory Equipment
Cooling

Water cooled laboratory and therapeutic equipment have
historically used once-through cooling. Connecting this
equipment to a closed-loop system such as a cooling
tower or chilled water loop is often impractical, but air-
cooled chiller units are available. Cooling medical and
laboratory equipment offers significant opportunities to
save water.

A common practice in organic chemistry laboratories is
to dry used solvents for recovery and reuse. Many labs
use reflux condensers to dry the spent solvents. Labs
using reflux condensers to dry solvents typically cooled
the condensers with a continuous flow of tap water like
the petroleum engineering example in Figure 11-10. The
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reflux column is used to strip oils out of a test block at a
petroleum engineering teaching laboratory at a university.
This system ran some 5,000 hours a year and the flow
rate of the tap water cooling part of the apparatus was 1.5
gpm, which totaled 450,000 gallons of water a year.

Figure 11-10: Reflux Column Used to Strip Oils
Out of a Test Block in Petroleum Laboratory

-

Image source: HW (Bill) Hoffman & Associates, LLC

These solve drying systems operate year around, have flow
rates in the range of one to three gallons per minute and
also present a fire hazard. For both water conservation and
fire safety many laboratories have converted to desiccant
systems such as the one pictured in Figure 11-11. Such
systems use metal tubes filled with desiccant material

that is regenerated by heating elements. This eliminates

all water use and recovers valuable organic solvents while
reducing fire hazards.

Additional examples of laboratory equipment that may
require cooling are listed in Table 11-1:

Figure 11-11: Desiccant Drying System
for Solvent Recovery

A 9

Images source: HW (Bill) Hoffman & Associates, LLC

There are three options to eliminate once-through
cooling. The first is a recirculating chiller that chills the
water circulating through the instrument such as a rotary
evaporators, reflux condensers and similar laboratory
devices and for the devices listed in Table 11-1.

Table 11-1: Examples Of Recommended Lab Equipment That May Need Cooling

Diffusion Pumps Rotary Evaporator/Concentrators Stills
Electron Microscopes Extractors Turbo Molecular Pumps
Spectrometers Vacuum Systems Air Compressors
Gas Chromatography Mass Spectrometers Centrifuges
Optics and Laser Equipment lon Implantation Equipment Metallurgical Lab Equipment
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This device
mechanically cools
the recirculating
water and pumps

it through system
or equipment to

be cooled. These
systems have very
wide application. The
reduce water use to
zero and are energy
efficient.

Recirculating Chiller Example of a Laboratory Equipped with a
—— Chilled Water Source and Return

These chillers

are available for
from $4,000 to
$20,000 depending
on capacity and Image source:
special features. The ngi’/c’ia’;’é’sﬁfzfg&
following shows a

Image source: HW (Bill) Hoffman & Associates, LLC

laboratory hood with

equipment using dry vacuum pumps and a recirculation Figure 11-12: Mass Spectrometer Requiring
chiller. Chillers also have the advantage of allowing Deionized Water for its Cooling Loop and
researchers to precisely control temperatures. Connection to Building System Chilled Water Loop

Many modern laboratory facilities are now equipped with
chilled water loops to cool laboratory equipment. This
totally eliminates the waste of water.

Some laboratory equipment requires that the cooling
water be deionized water such as the mass spectrometer
shown in Figure 11-12. To accommodate this, the
deionized water loop is connected to a chilled water loop.

Laboratory Hood with Equipment Using Both a
Dry Vacuum Pump and Recirculating Chiller

- v % "8 s
Image source: HW (Bill) Hoffman & Associates, LLC Images source: HW (Bill) Hoffman & Associates, LLC n7z
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Another cooling Cooling Water Collection

method for .
ethod fo System Chemistry
laboratory reflux . .
Laboratory on the University
condensers,

of Texas Campus

rotovaps, and
distillation columns is
to use compressed
air.’

As an alternative,
once-through
cooling water

from laboratory
equipment can be
collected directly
for reuse. The
University of Texas
has a campus-wide
system that collects
air conditioning
condensate,
foundation drain
water and chillers
are not used, once-through cooling water for use in the
campus cooling towers.

Image source: HW (Bill) Hoffman
& Associates, LLC

All these techniques can satisfy the requirements in areas
that prohibit once-through cooling. Air-cooled condensers
also reduce the risk of laboratory flooding, which can have
costly consequences for the facility and research team.®
They can also be easier to set up, as they do not require
tubing or connectors for water cooling. This leaves more
time and lab space for other research activities (Radleys).

Recommendations
- Eliminate all once-through cooling as soon as
possible, In many areas it is prohibited by code.
- Use desiccant systems to dry organic solvents.

- Use stand alone chiller units for lab bench
equipment.

-> Connect to a chilled water system where possible.

- If once-through systems are the only option,
capture and reuse the water.

Description

Compressor types - Rotary screw, vane and
reciprocating

Recommendations

Autoclaves & Sterilizers

Autoclaves and central sterile operations are found in all
medical facilities. Autoclaves are used to kill pathogens
on instruments, equipment, and waste generated
during routine lab operations, or, in a hospital setting,
during medical procedures and surgery. Both steam
and chemical sterilizers are used, depending upon the
materials being sterilized. Chemical sterilization is used
for instruments that are sensitive to heat, such as plastic
and rubber products, and for instruments such as
endoscopes. Steam is used for everything else.

Chemical sterilization has seen dramatic changes in
recent years as ethylene oxide (EO) or glutaraldehyde

(GA) systems, that are known carcinogens, are being
replaced with non-polluting venturi vacuum systems.
These systems can be found across a variety of systems
including x-ray, laboratory, and pharmacy. Hydrogen
peroxide has emerged as one of the most commonly used
sterilization materials. Unlike the EO and GA systems,
peroxide systems can use mechanical vacuum pumps
that use no water. It is important to ensure that mechanical
vacuum systems are used.’

Autoclaves kill harmful pathogens with live steam that is
fed into a central pressure chamber in which instruments
and equipment have been placed. There are three major
classes of autoclaves:

- Table-top and stand mounted
- Gravity

-  Vacuum

Table-top and stand mounted units use a small reservoir of
water and electric heat to produce steam. They tend to be
both water and energy efficient but are not large enough
for the high rate of production needed in major lab or
medical facilities.

Large labs and medical facilities must use large steam
autoclaves fed by the facilities’ boiler systems. The live
steam injected into the pressure chamber is held for a
period of time to ensure sterilization. The steam is then
allowed to condense and exit through a steam trap. In
busy facilities, fifteen to twenty loads can be sterilized per
day. The process of sterilizing a load is called a cycle. In
busy facilities, the jacket around the inner chamber is kept
hot with live steam even when the chamber is empty, so
instruments can be processed on an emergency basis as
needed. As the steam in the jacket condenses, the water
is released through a steam trap. Usually only a pint or

5 https://cen.acs.org/articles/91/web/2013/09/New-Condensers-Cool-Solvent-Without.htm!

6 https.//www.science.org/content/blog-post/no-water-no-problem
7 https://www.sterrad.com/products_&_services/sterrad/index.asp
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two of condensate
is released and then
only intermittently.
This condensate
must be cooled to
below 140°F before
it can be discharged
to the sewer system.
In older units, a
stream of tap water
was continuously
run through a valve
into the sewer
connection to mix
with the condensate.
Most autoclaves

are allowed to cool
naturally, and the
condensate drains
from the chamber by
gravity.

An Array of Autoclaves

Where volume is high

or equipment needs to be sterilized quickly, a vacuum

can be used to draw on the chamber and dry the
instruments and evacuate moisture quickly. Historically,
venturi aspirator equipment has been used to produce this
vacuum. It works by passing water through a tube that
tapers.

Typical flow rates are in the range of 5 to 10 gallons per
minute, and the vacuum phase can last up to 30 minutes.
Water use per cycle is in the range of 350 to 400 gallons
per cycle.

Description of Medical Sterilizer Types - Sterilization of
surgical instruments, fluids, pharmaceuticals, equipment,
and bandages is an integral part of modern medical and
laboratory practice. Over the years, different sterilization
techniques have been used:

Chemical (ethylene oxide, peroxides, ozone, etc.)
Radiation
Dry heat

> oo

Steam sterilization

The first three techniques do not use water and are
included as alternatives to steam sterilizers, but since
they generally do not use water, they are not the topic
of this discussion. However, they should be considered
as alternatives to steam sterilizers. The following shows
pictures of various types of steam sterilizers.

Small Sterilizer in Biological Laboratory

2 e e R

Image source: HW (Bill) Hoffman & Associates, LLC

Large Steam Sterilizer at a Laboratory
to Sterilize Primate Cages

Image source: HW (Bill) Hoffman & Associates, LLC

Hospital Sterilizer and Cart with Items

to Load Into Sterilizer

Image source: HW (Bill) Hoffman & Associates, LLC
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Large Materials Autoclave at University
Engineering Laboratory and Auto Clave for
Polymer Work at Chemical Engineering Lab

Image source: HW (Bill) Hoffman & Associates, LLC

For medical and dental use, there are three major
categories of steam sterilizers:

-> Tabletop
> Gravity

- Vacuum

The two major configurations for steam sterilizers are
tabletop and freestanding.

Tabletop-type sterilizers have a water reservoir
that is heated by a heating element to make
steam.

They use little water and are not considered further in this
discussion.

Freestanding sterilizers include gravity displacement
autoclaves and the high speed pre-vacuum sterilizer. For
both freestanding gravity and vacuum type sterilizers,
steam is injected into a closed sterilization chamber
housing the instruments or equipment to be sterilized.
Steam is also injected into the hollow jacket surrounding
the sterilization chamber. Steam used for these purposes
must be "clean steam" meaning that the water used to
make the steam has been demineralized. Steam sterilizers
are commonly found in medical, dental, pharmaceutical,
medical laboratories, and in science and engineering
laboratories.

In the gravity type, steam pushes air out of the chamber
filling the top of the chamber with steam. The air is heavier
than steam and can be “drained” by gravity out the
bottom of the sterilizer with the vacuum type, a vacuum
pump draws the air out. The vacuum type dries the

sterilized materials more quickly than the gravity type.

In both cases, the sterilizer chamber is surrounded by

an outer chamber that is also filled with steam to help
keep the whole cavity hot. In many hospitals, a central
boiler provides steam for the whole hospital for space
heating, and for steam sterilizer use and other purposes.
As the steam in the outer chamber condenses, it is often
discharged through a steam trap to the sanitary drain. In
years past, a constant flow of water was plumbed into the
sanitary drain to dilute the quart of hot water discharged
to keep temperatures in the sewer below 140°F. For older
sterilizers, water tempering systems can be retrofitted to
the sterilizer that only flows water when hot water is being
discharged. For the last 20 years freestanding sterilizers
have come equipped with a water tempering device.

Condensate Discharge to the Drain

Image source: HW (Bill) Hoffman & Associates, LLC

A study conducted in the 1990’s showed that water
tempering kits significantly reduced water use (See Table
11-2). New sterilizers with built in tempering systems
achieve similar savings.

Self-contained boiler systems are also available. With a
self-contained system, a boiler is located at the sterilizer.
The condensate is recirculated into the boiler directly. With
these systems, there is no need for condensate tempering
and the energy in the condensate is conserved. In other
words, no water is needed for condensate tempering
since the condensate is reused.

Vacuum sterilizers can also use significant volumes of
water in the creation of the vacuum.
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Table 11-2: Comparison of Condensate Retrofit Savings

Retrofit F Before Retrofit After Retrofit Ao G
Equipment Sterilizer Type (GPD) (GPD) Reduction %
LS00 S 4,326 1,354 68%
Gravity
Steris Corp
RSSO Sl 3,187 525 84%
Vac.
AMSCO.3021 3870 305 92%
Gravity
Omega Medical
AMSCO 3023 3419 64 98%
Vac.
AMSSO 5021 1519 117 92%
Continental ENALY
Equipment
AMSS; 8023 2510 267 89%

Water Tempering Retrofit Kit
for a Steam Sterilizer

Image source: HW (Bill) Hoffman & Associates, LLC

For non-medical purposes, dry vacuum systems
should always be used.

Where allowed by Federal Drug Administrator 510(K)
regulations, dry vacuum systems should be used

on medical vacuum sterilizers.t These savings are
summarized in Table 11-3.

Recommendations

> Where feasible, choose something other than a
free-standing steam sterilizer, such as a chemical,
radiation, or dry heat sterilizer

>  Where feasible, use small tabletop sterilizers

-> Choose sterilizers with self-contained boiler
systems that recycle all condensate

- Ensure that free standing steam sterilizers are
equipped with water tempering devices, that
the steam is returned to the boailer, or that it is
condensed using a chilled water condenser

- Consider stand alone boilers on each autoclave

- Do not use venturi vacuum systems on vacuum
sterilizers

- Use dry vacuum systems where FDA 510K
regulations are not applied such as laboratory
sterilizers

The US Green Building Council's LEED (Leadership

in energy and environmental design) Version 4.0 draft
contains the following additional requirement for steam
sterilizers:

- For 60-inch sterilizers, water use cannot exceed
6.3 gal/U.S. tray.

- For 48-inch sterilizers, water use cannot exceed
7.5 gal/U.S. tray.

The guide can be found at the US Green Building
Certification website.

8 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/quidance-premarket-notification-510k-sterilizers-intended-use-health-care-facilities

121


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-premarket-notification-510k-sterilizers-intended-use-health-care-facilities

Ch 11—Medical Facilities and Laboratories

122

Table 11-3: Comparison of Vacuum System Water Use for Steam Sterilizers*
Based on 10 uses a day, and 250 days per year

Venturi Ejector Gallons Used per PTG Liquid Ring L L EENI)
Pump Gallons per Pump Gallons per
Water Use (gpm) Cycle Gallons per Year
Year Year
6 189 495,000 123,750 0
11 363 907,500 226,875 0
18 594 1,485,000 371,250 0

*Source: California Urban Water Conservation Council report, PBMP-Year One-Chapter VI-Sterilizer

Savings Assessment

Laboratory Fume Hoods

Fume hoods are found in most laboratories. Their

primary purpose is to remove harmful fumes from the
workspace. Many laboratory operations (e.g., those
involving acid fumes, organic vapors, toxic materials,
biological substances, and perchlorate) require hoods that
remove contaminants through special treatment prior to
the air being exhausted to the atmosphere. There are a

Fume Hood in a Water Quality Lab

variety of technologies that can provide this function,
including some that do not require the use of water. For
example, some filtration systems utilize inert adsorbents
(e.g., activated carbon, activated alumina) or chemically
active adsorbents (e.g., potassium permanganate). These
dry filtration systems are effective for low concentrations of
contaminants. Laboratories must make sure to check and
maintain the adsorbent levels regularly.

Systems that do require water include wet scrubbers

or special wash-down equipment to remove
potentially combustible products are the most
common type of hood scrubbers. Within these
scrubbers, contaminated air from the fume
hood passes through a spray or wet packed
column, where it is mixed with water, which
dissolves water soluble gases, vapors, aerosols,
and particulates.

The scrubbing liquid in the hood scrubber
should always be recirculated back though
the scrubber.

A small amount of the liquid will eventually need
to be discharged, or blown down, to control
total dissolved solids and other contaminants,
and make-up water is added to maintain
scrubber circulating water quality along with
scrubber reagents. Mist and drift eliminators



Medical Facilities and Laboratories—Ch 11

installed in the discharge from the scrubber both prevent
the release of the scrubber fluid and save water.

Recommendations

- Turn off water flow when systems are not in use

- Always use water (scrubber fluid) recirculating
systems

- Use non-potable water sources when possible

-> Make sure liquid level controllers and water make-
up valves are functioning properly

- Blowdown based on scrubber fluid chemistry,
rather than allowing continuous blowdown or
based on a timer

- Minimize air flow through the wet scrubbers.
Reducing the amount of air passing through the
scrubbers will reduce evaporation

- Size equipment to the task and install mist and drift
eliminators

Perchlorate or perchloric acid wash-down systems

are a specialty type of fume hood used for unstable or
combustible compounds that tend to deposit on hood
and ductwork surfaces. Wash-down systems are used to
periodically wash these substances from the surface of
the fume hood and associated ducts. Water is sprayed
onto the hood and ductwork surfaces and discharged

to the sewer. Fume hood systems and ducts should be
designed to minimize surface area and thus the amount
of water needed. Ductwork should be designed to

take the shortest path to the outside. This specialized
ductwork should also remain separate from other building
ductwork. This both reduces the surface area that needs
to be washed (thus saving water) and avoids perchlorate
from coming into contact with organic fumes and other
combustible substances. Applicable regulatory guidance
can be found in ANSI/AIHA/ASSP 79.5 —LLaboratory
Ventilation, and NFPA 45 Standard on Fire Protection for
Laboratories Using Chemicals.

Recommendations

- Continuous washers should never be used and
should be retrofitted to include automatic shutoff
valves when the hoods are not in use

- Establish operating procedures to schedule wash
downs only when necessary to ensure health and
safety. Reducing the runtimes of this equipment will
save water

- Work with the provider of the equipment to design
the most efficient system and operating procedures

-> Energy considerations should also be considered
for all ventilation systems that exhaust air from the
room to the outside. In addition to reducing water
used in wet scrubbers, minimizing air flow while still
complying with air volume requirements should be
considered to reduce the amount of conditioned air
that is required in the laboratory

Vivarium and Aquarium Operations

The first consideration of any vivarium watering system

is to provide an adequate volume of clean for the water
for the desired purpose. During this delivery process,

the prevention of transmission of pathogens requires
careful consideration. One of the uses of water that must
be considered is its pretreatment before its use by the
animals. Choosing water efficient pretreatment processes
should be part of the water efficiency consideration for all
laboratory operations.

Although the majority of laboratory animal system are for
rodents, primates, rabbits, and other animals are used

in some circumstances. All of this will influence the type

of watering system used. If pretreatment of the water is
required, the water used by the treatment equipment such
as softeners, reverse osmosis units require additional
water use.

Both bottle and automated watering systems are in
common use. Bottles must be washed and refilled

on a routine basis. Washing involves the use of bottle
washers, or cage and bottle washing equipment. Modern
equipment uses much less energy and water. Consider
new equipment that is more efficient.

Automated systems are typically found in larger
operations. Automated systems can either flushing or
recirculating systems or a hybrid of the two types.

For all automated vivarium system types, the
distribution manifold needs to be flushed with
adequate pressure to remove contamination and
buildup in the system.

Recommendations

- Consider utilizing recirculating systems, which
use less water during the proper treatment and
recirculation process

For recirculating and hybrid systems, monitor
water that is used or discharged in the
recirculating treatment operations

- Continuous flushing systems should be replaced

with automated systems
123
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Closely monitor flushing systems which can
result in large volumes of water sent to the
sewer

- Hybrid systems reduce flushing, thus saving water,
while maintaining water quality

-  Where bottle washing is used, choosing newer,
energy and water efficient bottle and/or cage and
bottle washing equipment (see the bottle and
laboratory glassware washing sections [include
section info here]

- Flushing systems should be automated to reduce
flushing cycles that flush only when water quality
considerations dictate

- Use air purge (instead of water) to help clean
manifold lines where appropriate

- Consider collecting and reusing wastewater from
animal watering systems for irrigation and other
purposes. Precautions against zoonotic diseases
must be considered with such systems.

Aquariums are found in many research facilities and
laboratories. Filtration systems such as cartridge filters
can significantly reduce water use as smaller facilities. For
larger aquariums, large sand filters like swimming pool
filters are often used. As with all filtration systems, the
Recommendations included in this document for water
treatment should be followed.

Filtration System for Ichthyology Lab Aquariums

Image source: HW (Bill) Hoffman & Associates, LLC

Aquarium Sand Filters

Image source: HW (Bill) Hoffman & Associates, LLC

Recommendations

- Best practices include the proper use of filtration
equipment, using water treatment systems to
remove specific contaminants that may be unique
to the situation, and proper care and cleaning of
aquarium surfaces.

-> The control of ammonia buildup in aquariums is
beyond the discussion for this document.

Kidney Dialysis and Specialty
Laboratory and Medical Water
Treatment

Examples of a Total Treatment System of
Laboratories

The level of treatment for laboratory water supply varies
significantly depending on the end use of that water.
Figure 11-13 shows the treatment for a water quality
laboratory. It includes filtration, softening, reverse osmosis,
and cation and anion exchange to produce water of
extremely high quality.

Water used for all types of laboratory and medical
operations must also be treated to levels required for that
operation.

Examples of a Total Treatment System for Kidney
Dialysis

Kidney Dialysis systems must produce ultra-pure, sterile
water for the protection of the patient. To accomplish this,
they use a combination of treatment systems.
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The following shows a typical treatment train for this Recommendations

purpose: _ . ‘
- The Recommendations found in the section on
total water treatment should be followed.
\ 4
se;:::nt > Softening Treated Water Piped to Labs
_ DISTILLED WATER, .
J . J DRECSE —
Iron or Nitrate Micro COMPRESSED AlR s
Removal Filtration
<@g DOM.HOT WATER  SUPPLY
<@ (J0MESTIC. WATER Uit e
Image source: HW (Bill) Hoffman & Associates, LLC
Reverse Storage
Osmosis (RO) 9
Point of Use Treatment System
Micro Filtration :
and Ultraviolet
Disinfection

The purity of water used for dialysis must be carefully
controlled to protect the health of the patient. For most
dialysis systems, the amount of product water produced is
just about equal to the water rejected by the RO unit.

Figure 11-13: Treatment for a
Water Quality Laboratory

Image source: HW (Bill) Hoffman & Associates, LLC

Dialysis Equipment and Treatment System

Image source: HW (Bill) Hoffman & Associates, LLC Image source: HW (Bill) Hoffman & Associates, LLC
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Humidifiers

Humidification of the laboratory working space is
necessary, especially in the colder months, to maintain
proper humidity both for creature comfort and to control
the growth of harmful organisms such as mold, viruses,
bacteria, and mites. Most laboratories try to keep relative
humidity between 40 percent and 60 percent for the
above reasons. Since many laboratories require significant
fresh air turnover rates, proper humidification is required.
Two basic types of humidification processes are available:

- Isothermal systems use an external heat source
to boil water which is injection as steam or water
vapor directly into the circulating air.

- Adiabatic systems which either spray water into the
air space (atomizers) or those that cause the air in
the room to evaporate water with the aid of wetted
medial or mechanical energy.

By design, humidifiers consume water to add moisture
to conditioned air. However, additional water use can
occur from either 1) blowdown or discharge to prevent

a buildup of minerals in the system; or 2) treatment of
the incoming water supply. Like with cooling towers and
boilers, blowdown is required in humidifiers to periodically
control the levels of TDS and minerals in the system.

The only exception to the need for blowdown is atomizer
systems that spray treated water directly into the room.
Direct steam injection from a central boiler system does
not require additional treatment or blowdown at the point

of use, but blowdown and treatment are required at

the central boiler. Very pure water produced by reverse
osmosis or deionization is recommended for many types
of humidifiers, and even then, some water must be

blown down or flushed out. Atomizers typically require
purified water many laboratories since tap water contains
minerals and other contaminants that would be sprayed
into the indoor air. Also, wet media, ultrasonic, centrifugal,
and hybrid spray systems need the water in them to be
controlled for bacteriological growth through the addition
of biocides, even when high purity water is used. When
operating humidifiers or selecting new equipment,
laboratories should examine the water that is required for
blowdown, as well as waste generated through generation
of reverse osmosis and deionized water.

Energy is also a consideration when selecting or operating
humidifiers. Isothermal humidification requires the
generation of steam or hot water, which can be energy
intensive. Since centralized boiler systems are usually
operated more efficiently than stand-alone steam boiler
humidification systems, direct steam injection tends to be
both more energy and water efficient. Adiabatic systems
require the evaporation of water which has a cooling
effect on the air in the space being humidified. This is
beneficial in warm, dry climates where cooling is needed
in addition to humidification. In colder climates, or in winter
more energy will be required for space heating, however
energy savings may still be achieved by not having to
generate steam or hot water, as is required for isothermal
humidifiers.

Table 11-4: ASHRAE (Chapter 22, 2016 ASHRAE Handbook—
HVAC Systems And Equipment) List of Humidifiers

Isothermal
Steam heat exchanger
Hot-water heat exchanger
Direct-injection steam
Electrode steam
Electric resistance steam
Gas-fired steam

Electric infrared steam

Adiabatic
Ultrasonic atomizer
Centrifugal atomizer

Pressurized-water atomizer
Compressed air atomizer
Wetted media

Hybrid spray/media
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Recommendations

- All humidification operations should be properly
controlled with instrumentation to measure relative
humidity and keep the levels typically between 40
and 60 percent. This ensures that only the water
and energy needed to control humidity is used and
comfortable, safe conditions are maintained.

- All humidifier equipment and operating conditions
should be carefully chosen and sized for type of
laboratory in which it is being installed. Work with a
qualified vendor to select equipment and controls
designed for energy and water efficiency.

Medical Therapeutic Water Using
Equipment

Hydrotherapy and related treatment methods are used

for a multitude of purposes ranging from recovery from
muscular skeleton injuries and illnesses to therapy for burn
victims. Equipment ranges from small vessels for hand
and foot injuries to hole body whirlpools and swimming
pools.

Therapy pools operate like swimming pools and the
Recommendations for pools apply. For special baths,
strict medical procedures are used to prevent transmission
of infections. The Center for Disease Control (CDC)

has strict protocols for the cleaning, disinfection and
maintenance of this equipment. Among other things
special baths and treatment tanks must be drained and
disinfected after each use. The only recommmendation is
that institutions should follow the CDC guidelines.

Alternative Water Sources

Before beginning a discussion of the water savings
potential of the technologies described above, it is
important to remember that the potential to collect

and reuse clean but non-potable water is significant in
larger medical and laboratory facilities. This approach is
promoted by “Labs for the 21st Century,” a joint program
of the US EPA and the Department of Energy.

Possible sources of water include, but are not limited to:

- Once-through cooling water discharge
- Water from reverse osmosis units
- Foundation drain water
- Rainwater
Using reclaimed water from municipal sources is also

possible for irrigation and cooling tower makeup, as well
as toilet and urinal flushing.

Examples of Therapeutic Equipment
(Top to Bottom): Physiotherapy Tank, Whirlpool
Bath, Whirlpool, Pool

Images source:

HW (Bill) Hoffman & Associates, LLC
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Figure 11-4 is for illustrative purposes only. Such a system
must be equipped with proper backflow prevention and
pumps where pressurized output is needed. Learn more in
the Alternate Onsite Water Sources chapter.

Water Savings Potential

For the equipment described in the section above, the
following water savings are possible:

Vacuum Systems

Dry systems do not use water for the pump seal but
can use water for cooling the pump. Water use rates
for a liquid-ring pump range from 0.5 to 1.0 gallons per
minute (gpm) per horsepower (hp). Water use can be
eliminated entirely if no cooling water is used. Pumps
should never be cooled with a once-through system.

If a water-using system must be used, it should be
hooked to a closed-loop or radiator-type system. The
typical dental unit with a 1.5 hp liquid-ring pump can
use 360 to 720 gpd.® For a large medical facility with a
12 hp pump, the water used per day can range from
8,640 to 17,280 gallons. Newer liquid-ring pumps try to
minimize water use, so their consumption would most
likely be in range of 8,600 to 10,000 gpd. Using a dry
vacuum pump will save significant volumes of water or
eliminate water use (Tuthill).

Medical Air and Compressor Equipment

Compressors generate significant heat as they
compress the air. Smaller units, such as those used in
dental and smaller medical facilities, can easily be air-
cooled. Compressors larger than 10 or 15 hp (Tuthill),
however, often require water cooling. Ten hp equals 7.5
kW, and a once-through-cooled compressor that size
would require a constant stream of 5 to 6 gpm to cool
it when in operation. When water cooling is necessary,
the compressor cooling system must be hooked to a
looped cooling system. If not, water demands for this
example could exceed 8,000 gpd.

Sterilizer Operations

Water use per cycle for large vacuum steam sterilizers
ranges from 350 to 400 gallons per cycle (TDK
Consulting). Now new equipment often comes
equipped with condensate-tempering systems (CTS).
Mechanical vacuum pumps and other equipment

can be retrofitted with after purchase equipment
(Continental Equipment). To reduce water use per cycle
to less than 80 gallons.
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Figure 11-4: Reclaimed
Water Reuse Example
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The use of CTS on gravity and vacuum sterilizers also
reduces water use significantly. Since the typical flow
rate for tempering is 0.3 to 1.0 gpm, water use can be
in the range of 450 to 1,500 gpd. The installation of a
CTS can reduce this water use by 85 percent to 65 to
200 gpd.

Water-cooled Laboratory and Therapeutic
Equipment

Daily water use depends upon the type of equipment
being cooled and the length of time the equipment is
used daily. Flow rates of 0.5 to 5.0 gpm are possible for
each piece of equipment. Connecting larger stationary
equipment to a closed-loop system is the first logical
step in reducing water use to near zero. Recirculating
water systems also minimize water use.

Laboratory Hood Scrubbers

Flow rates in scrubbers can be high. Recirculating
systems reduce this use to a few gallons per minute
when operating.
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Cost-Effectiveness Analysis

Vacuum Systems

Because liquid-ring vacuum systems must move both
air and water, they are inherently less energy efficient
and use significant amounts of water. However, they
also tend to be the least expensive vacuum systems,
based upon size and capacity (from a search of web
sites for such equipment), so there is a true trade off
between initial cost and operating cost.

Several dry vacuum systems are available for dental
applications. The cost for a new dry vacuum pump

in the one to two hp size is $5,000 to $10,000. By
comparison, a liquid ring pump of the same hp costs
$2,000 to $7,000. However, because dry systems are
more efficient, a one hp dry system can often replace
a 1.5 to 2.0 hp liquid ring system. This partially offsets
this cost difference. On an annual basis, dry systems
use one-third to one-half less electricity than a liquid-
ring pump and have zero water use (Tuthill). As an
example, compare a system that requires a 1.5 hp
liquid ring pump with a 1.0 hp dry pump. In an eight-
hour day, the liquid ring pump will use 540 gallons of
water and 9 kWh of energy. The dry pump will use no
water and only 6 kWh. Depending on where the facility
is, the business will not only save on water costs but
wastewater costs as well.

If the liquid ring system of a large medical center
requires a 23 hp pump, a comparable dry system
(piston, vane, or non-lubricated) would require only

12 to 15 hp. Liquid-ring pumps require as much as
twice the horsepower of equivalent dry vacuum pumps
because both water and air must be pumped. Liquid
ring pumps in continuous operation use water at a rate
of 16,000 to 30,000 gpd.

In one example from a firm that sells all four kinds of
pump systems, a 23 horsepower pump will use about
2.9 million gallons of water per year and 152,000 kWh
of power (Tuthill). In contrast, the same tasks could be
accomplished by a 12 hp vane pump, which would use
no water and only 80,000 kWh of power (Tuthill). The
costs for operating these systems will be dramatically
different. The liquid-ring system cost would be about
$8,000 to $20,000, while vane and piston pumps
would cost twice that. Liquid ring and dry vane pumps
have about the same life span of 10 years or fewer,
while piston pumps can last several decades (Tuthill).
As an example, one medical facility replaced a liquid
ring pump with a dry 10 hp vacuum system. The
savings in energy and water were over $60,000 per
year (Deckkler).

Another major cost savings with dry systems is that
they do not have to be plumbed for water or have a
backflow system. These costs can be from $200 to
over $5,000, depending upon how much plumbing
must be done. Dry systems also eliminate the costs
of annual inspections of backflow equipment, which
typically cost from $50 to $300 depending on who the
water utility is.

Medical Air and Compressor Equipment

Air-cooled systems do not use water, while once-
through systems will use half a gallon to one gallon per
horsepower-hour. Hooking up to a closed loop system
can be relatively inexpensive if the water line is readily
available or expensive if long runs must be made.
Typical costs of a few hundred to one to five thousand
dollars can be expected.

Sterilizers and Central Sterile Operations

Most new sterilizers are equipped with water tempering
equipment at the factory, and medium and large
vacuum systems come equipped with mechanical
vacuum pumps, according to Steris’s information on
their web site (www.steris.com/).

Water cooled Laboratory and Therapeutic
Equipment

Cooling any piece of equipment with air is always the
least expensive method. Where water must be used,
hooking to a closed loop system is the next best
option. The cost for doing this is dependent upon the
location and availability of chilled water for cooling
tower loop piping.

Laboratory Hood Scrubbers

Equipment and operating costs for scrubbers vary with
application, and case-by-case analyses are necessary.
Remember that dry hoods are always less expensive
than systems that require scrubbers, because they
require no water or sewer hookups and backflow
preventers, consume less electricity, and use no

water. Typical costs of a few hundred to one to three
thousand dollars can be expected.

Recirculating chillers are also available. This equipment
has the advantage of very precise temperature control
and the ability to achieve low water temperatures if
needed. Equipment is rated in watts of energy removed
and can vary in size from 1,000 to 10,000 watts. The
cost for this equipment ranges from $2,000 to more
than $15,000, depending upon capacity and brand.
The price per watt will vary depending on the region
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and fluctuate with the time of the day and year but the
overall price is 20.06 cents per kilowatt hour, compared
with an average 16.06 cents statewide and 10.48
cents nationally. There is also an electricity cost based
upon the electrical-rating wattage of the equipment.
For example, a 5,000-watt machine will consume 6.4
kWh in continuous operation, including the heat input
from the motor of 3.5 watts removed per watt of motor
energy input. Most units will not run continuously and
will operate only when there is a heat load from the
laboratory or therapeutic equipment being used.

The water savings are also based upon the amount

of heat removed. Using the example above, a 5,000-
watt machine with once-through cooling and a
temperature rise of 10 degrees will use about 6.33 gpd
in continuous operation.

Recommendations

Proven Best Practices for Superior Performance

- Use dry vacuum systems in medical, dental, and
laboratory facilities

- Air cool or use a radiator cooler or a chilled-loop
or cooling tower system with all vacuum and
compressor systems. Once-through cooling with
potable water should be prohibited

- Equip all stand-alone steam sterilizers with
condensate tempering systems

- Equip all vacuum sterilizers with mechanical
vacuum systems

- Cool laboratory equipment with a closed-loop
system, such as a chilled water or cooling tower
system, or with a recirculating chiller unit

- Equip all hood scrubbers with recirculating
systems

- Perchlorate hoods on fume hood washdown
systems should have self-closing valves

- Consolidate loads. Don't run an autoclave to
sterilize a small amount of equipment

- Right-size your autoclave. If you don't need a
large autoclave, use a smaller one instead

- Consider a water and energy efficient “Green”
autoclave when purchasing autoclaves

= Install water saving devices on existing autoclaves
whenever possible

Additional Practices That Achieve Significant
Savings

- Use dry hood-exhaust systems wherever possible
- Promote the use of digital X-ray equipment

- Recover and reuse water from sources such
as RO reject water, air conditioner condensate,
rainwater, foundation drain water, and any other
applicable source for use as irrigation water,
scrubber water makeup, and cooling tower
makeup

- Use dry cooling for all equipment where possible

- Promote use of condensate return systems for
sterilizers
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Pools, spas and hot tubs can waste large volumes Draining and Refi"ing Pools and Spas
of water if not properly designed, equipped, and

maintained for efficient operation. Recommended The following diagram shows how a pool works:
practices for suitable design, equipment, and
maintenance of these water features can be <«—  Vacuum line -—

summarized into five principles:

1. Install water features only where they provide T Return
tangible benefits. Port

2. Choose alternative types and sizes that use

less water. O
) ) ) ) Main drains g
3. Design the mechanical equipment to filter,

clean, and operate efficiently.

4. Design the water feature and ambient Skimmer

surrounding area to minimize water loss. =g

5. Promptly inspect, repair, and replace any
components that are not working properly.

The primary uses of water in water features are

for make-up (filling), splashing and drag-out (water
removed when a person exits a pool or spa),
backwashing the filter (cleaning the filter), and
replacing water lost to leaks and evaporation.
Practices and considerations that will result in more
efficient water use include:

Filter

-> Periodically checking for and repairing leaks.

- Installing a submeter for the pool or spa to track Water is used to refill a water feature to make up for water
the feature's use and easily identify leaks. lost through evaporation, splash-out, or to replace water
> Tracking water use on a weekly or monthly basis. lost during filter backwash. Refilling also occurs when the

water feature is drained, either for periods of non-use or
when the total dissolved solids (TDS) content of the water
has become too high. How often a pool or spa will require
draining and refilling varies based on use, maintenance,
temperature and more. Based on multiple sources,
recommendations range from every three to seven years.
The American National Standard for Water Conservation
Efficiency in Residential and Public Pools, Spas, Portable
= Using a secure and durable pool cover anytime Spas and Swim Spas recommends the following options
practicable, especially over an extended off-season  tg |ower TDS levels as an alternative to draining and re-

- Choosing a filtration system that minimizes water
use while accommodating cost considerations.

- Maintaining proper pool chemistry and keeping
water features free of debris to limit cleaning and
drainage events.

= Including splash troughs that drain back into the
pool.

period. filing the water feature:
- Carefully monitoring backwashing to ensure that
times are not excessive and reuse backwash water = Use reverse osmosis or nanofiltration.
for irrigation where possible. - Use ozone and/or ultraviolet light (UV) to allow for
- Considering use of alternative water sources such lower chlorine demand which will help to reduce
as rainwater for fountains and other water features. the buildup of TDS."

1 Association of Pool & Spa Professionals. (2017). ANSI/APSP/ICC-13 2017 American National Standard for Water Conservation Efficiency 135

in Residential and Public Pools, Spas, Portable Spas and Swim Spas. https:/issuu.com/thephta/docs/apsp-13_2017
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If using drained pool or spa water for irrigation is not

an option, always check local ordinances regulating
discharges to the sanitary sewer or storm drain system
(if separate in the applicable jurisdiction). Many cities in
California prohibit the discharge of pool or spa water

to the street, gutter, or storm drain due to the possible
presence of chlorine and copper. Copper is sometimes
used in pool and spa treatment as an algicide, and both
treatments are toxic to aquatic organisms. ®

Operational Water Loss

Water loss in water features is primarily caused by
evaporation, leaks, splashing, and/or “drag-out,” the water
that is removed when a person exits a pool or spa.

Evaporation

The rate of evaporation from a pool, spa, or other water
feature is dependent on several variables, including
temperature, humidity, wind speed, pH and chemical
content of the water. The California Water Efficiency
Partnership estimates that evaporation accounts for 56%
of pool water use across all pools installed in California.*
This water must be replaced to keep the water at the
proper level.

To reduce evaporation, operators of pools, spas, fountains
and other water features should observe the following
practices when applicable:

- Cover pools and spas when not in use to reduce
evaporation and keep water cleaner.

The Environmental Protection Agency (EPA)
estimates that, depending on climate, an
uncovered 500-square-foot swimming pool could
lose between 12,000 and 31,000 gallons of water
per year on average due to evaporation.®

Covers range from single sheets of plastic to
insulated materials. Using a solid pool cover
can reduce evaporation by over 90%.°

° The EPA provides additional guidance on
pool covers here.

In California, Title 24 requires that a heated
pool be covered when not in use.’

- Reduce water temperature in pools and spas

The greater the temperature differential
between ambient air temperature and water,
the higher the rate of evaporation.

- Use low water, size appropriate plant material and
fences as windbreaks to reduce water loss due to
wind evaporation.

- Turn off the tile-spray device on automatic pool
cleaners.

2 Centers for Disease Control and Prevention. (2022). Operating Public Swimming Pools.
https.//www.cdc.gov/healthywater/swimming/aquatics-professionals/operating-public-swimming-pools.htm/

3 Alameda County Clean Water Program. (2013). Proper Disposal of Wastewater.
https://cleanwaterprogram.org/wp-content/uploads/2022/11/Pools-Spas-and-Fountains.pdf

4 U.S. Environmental Protection Agency. (2017). WaterSense at Work: Best Management Practices for Commercial
and Institutional Facilities. https./www.epa.gov/watersense/best-management-practices

5,6 U.S. Environmental Protection Agency. (2022). Jump Into Pool Water Efficiency.

https.//www.epa.gov/system/files/documents/2022-09/ws-outdoor-pool-guide.pdf

7 Koeller, John & Hoffman, H.W. Bill. (2010). Evaluation of Potential Best Management Practices - Pools, Spas, and Fountains. California

Water Efficiency Partnership. htips.//calwep.org/wp-content/uploads/2021/03/Pools-Spas-and-Fountains-PBMP-2010.pdf
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Spray water often evaporates before it hits the -> Broken pipes
tile, splashing invites evaporation losses, and

: - Loose or broken fittings
over-spraying can send water out of the pool.

= Avoid using sprays and finely divided streams of Automatically refilling a pool can make it
water in fountains and waterfalls. challenging to detect leaks. It is recommended
that commercial or public pool and spa operators
check for leaks at least once a month by shutting
down all filtration systems for 24 hours or the
Leaks maximum time between closing the pool or spa
and opening the next day.®

Aeration causes a significant amount of
evaporation, especially on windy days

Pools, spas, and other water features can leak with no

obvious signs other than a high-water bill. Leaks can A submeter should be placed on the make-up (fill) water
occur in several places in a pool, spa, or water feature, but  ine used for keeping the pool, spa, or other water feature
the most common leaks are due to: full to determine whether leaks are occurring. A submeter
on the make-up line can quickly identify abnormal use and
- Mechanical issues help monitor water use volumes for backwashing filters
> Structural damage, broken tiles and other operations. A submeter with Wi-Fi signal that
> Plumbing reads water use by the hour could help automate water
leak detection. See additional EBMUD guides for more
information on submeters here.
TABLE 12-1: Primary Water Uses in Pools and Spas
WATER USE EFFICIENT PRACTICES

- Install a submeter so you can monitor water
use and identify and repair leaks

- Track water use on a weekly or monthly
MAKE-UP (filling) basis (see "Submetering" chapter)
= 1nin
9 - Maintain proper pool chemistry; keep water features
free of debris to limit cleaning and drainage events

- Consider use of alternative water sources such as
rainwater for fountains and other water features

SPLASHING AND DRAG-OUT
(water removed when a = Include splash troughs that drain back into the pool
person exits a pool or spa)

- Choose a filtration system that minimizes water use
BACKWASHING THE FILTER while accommodating cost considerations

(cleaning the filter) - Carefully monitor backwashing to ensure that times are not
excessive and reuse backwash water for irrigation where possible

Periodically check for and repair leaks

REPLACING WATER LOST TO _ _
LEAKS AND EVAPORATION - Use a secure and durable pool cover anytime practicable,
especially over an extended off-season period

8 Association of Pool & Spa Professionals. (2017). ANSI/APSP/ICC-13 2017 American National Standard for Water Conservation Efficiency
in Residential and Public Pools, Spas, Portable Spas and Swim Spas. https:/issuu.com/thephta/docs/apsp-13_2017 137
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Finally, installing a length of Plexiglas pipe on the
backwash line of a pool or spa can help operators verify
if backwash valves are completely closed and that water
is not being lost through the backwash line during normal
operation.

Splashing and Drag-Out

Water loss due to splashing and drag-out in pools and
spas can be reduced through design and operational
changes such as:

-> Design pools to incorporate splash troughs along
the edge to catch water that would normally be
splashed out onto the deck. Troughs should drain
back into the pool.

- Keep the water level at the lower operational level
of the skimmer opening.

- Block the overflow line when the pool is in use or
during periods of particularly heavy use.

Filtration and Disinfection

All water features should have properly sized equipment
to filter and disinfect the water. The three main types of
filters are:

- Sorptive media such as diatomaceous earth filters,
perlite filters, and regenerative filters that reuse the
filter media

- Sand
- Cartridge

Each type of filter has advantages and disadvantages.
Depending upon the type of filtration used, a substantial

amount of water may be discharged when the filter is
backwashed. The amount of water used to backwash a
filter depends upon the size of the pump, which in turn
depends upon the size of the pool or spa. In California, the
recirculation system needs to have the capacity to provide
a complete turnover of pool water (pump it through the
filter) per the following specifications:

- One-half hour or less for a spa pool

-> One-half hour or less for a spray ground (splash
pad)

-> One hour or less for a wading pool
-> Two hours or less for a medical pool
-> Six hours or less for all other types of public pools®

Pool filters should be backwashed based
on pressure and never on a timer or pre-set
schedule.

Manufacturing specifications will direct when to backwash.
Automatic backwash equipment will not backwash a filter
until the proper pressure drop has occurred, minimizing
the number of backwashes to only what is needed.

The American National Standard for Water Conservation
Efficiency in Residential and Public Pools, Spas, Portable
Spas and Swim Spas recommends that filters be
backwashed, replaced, or re-coated when the following
conditions occur for each filter type:

- Sand Filters — when the pressure gauge reading is
8-12 PSI higher than the starting pressure or when
flow decreases below the required or desired rate.

Table 12-2: Pool Filtration Method/Technology

CHARACTERISTICS SORPTIVE MEDIA

Filtration Ability 5 microns

Water Usage Moderate

Filter Media

Lifetime 2-3 years
Recommended .
Yes, with proper

For Use In Large desian

Public Pools 9

SAND CARTRIDGE

20-40 microns 10-20 microns

High Low
3-6 years 2-4 years
Yes No, too labor

intensive

9 California Association of Environmental Health Administrators. (2018). Public Swimming Pools and Spas.
https://deh.acgov.org/operations-assets/docs/recreationalhealth/Pool_Code_Book_Title_22.pdf
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- Cartridge Filters - when the pressure rises 8-12
PSI above the starting pressure or when flow
decreases below the required or desired rate.

-> DE Filters - when the pressure rises 8-12 PSI
above the pressure reading upon re-coating
after cleaning, or when flow decreases below the
required or desired rate.

- Vacuum DE/Sand Filters — when the working
vacuum reading is 10 in Hg (inches of mercury)
above the starting vacuum or when flow decreases
below the required or desired rate.™

Sorptive Media Filters

Sorptive media filters include conventional diatomaceous
earth (DE) filters, perlite filters, and regenerative filters that
reuse the filter media. These filters remove particles down
to 3-5 microns in size, while silica sand and cartridge filters
work in the 10- to 40-micron removal range."" Sorptive
media filters contain hundreds to thousands of fabric-
coated tubes inside a pressure container. The medium (DE
or perlite) is made into a slurry and mixed with the water

in the filter. The medium is then deposited on the tubes by
the water being pumped through the filter. Conventional
sorptive media filters must have the DE or perlite replaced
after each backwash. With regenerative sorptive media
filters, the medium is periodically “bumped” off of the filter
tubes by backflow, air agitation, mechanical shaking,

or a combination of the three, and then recoated onto

the filter cloth. No water is lost in the recoating process.
This makes regenerative sorptive media filters very water
efficient.

Sand Filters

Sand filters are commonly used for residential pools

and can be used for large commercial applications such
as public pools and water parks. Sand filters use silica
sand, glass, or zeolite to capture particles between 20-40
microns. Sand may last for several years before needing
to be completely replaced; however, sand may need to be
added periodically to replace any lost during backwash.
Backwashing a sand filter is a water intensive process,
making these filters the least water efficient.

Cartridge Filters

Cartridge filters are not designed for larger size pools like
municipal pools because of the waste of materials and
labor-intensive cleaning process. A superior option is to

Pools and Spas—Ch 12

use a reusable filter cartridge that lasts two to five years;
however, this requires two sets of filters. When one set
is removed for cleaning, it must be soaked in a cleaning
solution and then brushed and rinsed off. A significant
advantage is that no backwash water is used, making
cartridge filters the most water efficient filter option.

Alternatives to Pools

Water-saving alternatives to pools include playscapes that
use sprays and other water features activated only when
someone is going to use them. Although fine spray and
mist can increase evaporation, efficiency is possible if the
water is captured and treated after each use. Water can
be stored in a tank with a filtration and disinfection system.
Tank storage also reduces evaporation and chemical use
over an open wading pool, where water is dumped and
refilled.

Recommendations

- Consider use of alternatives to wading pools, such
as spray-scapes.

- Use pool and spa covers, especially during periods
when a pool or spa is not in regular use.

- Require make-up submeters to be installed on all
pools, spas, and other water features.

- Require all water features be equipped with
recirculating filtration equipment.

= Require in-ground pools to be built with splash
troughs around the perimeter.

= Maintain proper water quality levels for key
indicators like pH, alkalinity, and hardness to avoid
the need to drain the pool or spa.'

-> Use sorptive media filters where possible for pools.

- Use cartridge filters for smaller spas, where
the costs of filters and cleaning make them
economically feasible.

-> Ensure filters are only backwashed when needed.

- Reuse backwash water for irrigation or consider
retreatment and reuse in the pool.

- Use low water, size-appropriate plant material or
fences to shade pools and spas and block winds
that increase evaporation.

10 Association of Pool & Spa Professionals. (2017). ANSI/APSP/ICC-13 2017 American National Standard for Water Conservation
Efficiency in Residential and Public Pools, Spas, Portable Spas and Swim Spas. https./issuu.com/thephta/docs/apsp-13_2017

11 Leslie’s Pool Care. Pool Filter Comparison. https.//lesliespool.com/blog/pool-filter-media-types-a-comparison-guide.htm/

12 U.S. Environmental Protection Agency. (2017). WaterSense at Work: Best Management Practices for Commercial
and Institutional Facilities. https:/www.epa.gov/watersense/best-management-practices
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Chapter 13
VEHICLE WASHES

ater efficiency in commercial vehicle washes derives
from both proper equipment and operational
measures. Car wash systems are primarily a variation of:
- Conveyorized tunnel
Brushless/touchless
Touchless
Exterior wash only
In-bay touchless automatic
In-bay friction automatic (brushes)
Self-service

Full-service

v ¥ v v

Stand-alone arches or spray wands

These systems can be found at vehicle washes that are
available for public use at stand-alone facilities, as well

as those alongside convenience stores, lube shops, and
fuel stations. They also can be found on private property
as part of businesses that own, operate, or service a fleet
of vehicles. These can include vehicle dealerships, fleet
vehicle operators, car rental agencies, bus and transit
companies, quarries, warehousing operations, and other
industrial operations involving transportation.

Water Uses in Professional Car Washes

Reclaim
water

Treated
water®

*Reverse osmosis/
soft water

Tunnel/Bay #

Clarifier tank

Sanitary
system

Example of a Conveyorized Vehicle Wash

“~111S S6pjge]

Image source: Lee Norton, Mark VIl Equipment, Inc

Carwash Water Reclamation

In addition to proper equipment and operational
measures, water reclamation technology and
evolving regulations for commercial car washes
are changing the industry and further increasing
water efficiency. California
Water Code Section 10951
requires in-bay and conveyor
car washes permitted and
constructed after January

Q 1, 2014, to install, use, and
Q maintain a water recycling
Q‘ system that reuses at least
Evaporation 60 percent of the wash and
rinse water. Alternatively,
/7. N

] - these types of facilities may
D P use recycled water provided
Carry-off by a water supplier for.at
—_— least 60 percent of their wash
and rinse water.” Moreover,
stormwater and wastewater
0 discharge regulatory
requirements have placed an
additional emphasis on water
reclamation.

1 https://casetext.com/statute/california-codes/california-water-code/division-6-conservation-development-and-utilization-of-state-water-
resources/part-212-recycled-water-usage-by-car-washes/section-10951-requirements-of-in-bay-car-wash-or-conveyor-car-wash
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Conveyor, in-bay, self-service, and stand-alone/spray
wand vehicle washes are described below, along with
the water-savings opportunities related to use of water
reclamation systems and equipment choices which
improve efficiency.

Conveyorized Tunnel Systems

The conveyor vehicle wash, usually installed in a tunnel,
includes a series of cloth brushes or curtains and arches
from which water is sprayed while the car is pulled
through the tunnel on a conveyor chain. In some “touch-
free” vehicle washes, only spray nozzles are found. In
full-service conveyor vehicle washes, hand drying usually
follows the conveyor processes, and often hand-held
wands like those found at self-service vehicle washes are
used for the pre-soak.

Pre-soak sprays should be limited to 3 gallons per
minute or less.

In a 2017 study for the industry by the International Car
Wash Association, the facilities evaluated with conveyor
systems used on average 30 gallons per vehicle and used
an average amount of reclaimed water ranging from 1.9 to
4.9 gallons of reclaim per gallon of freshwater.?

Most in-bay car wasfhes
will use an average 9‘
45 gallons per vehicle.

In friction vehicle washes, the wash and/or pre-soak cycle
is accomplished with brushes or soft cloth curtains known
as mitters. Mitters is a generic term for car wash portals
that are equipped with long textile strips that dry cars by
rubbing. The mechanical action of the mitters on the car
surface replace the use of high-pressure water spray that
can be found on touchless equipment.

Mitters are available in different variants; side-to-
side, front-to-back or as a carousel.

Conveyors with friction components use less water
because the brushes or curtains pick up water and
detergent from earlier vehicles and do not need to be
rewetted throughout the day.®

2,3 https.://8374610.fs1.hubspotusercontent-nai.
net/hubfs/8374610/Pulse%20and%20Research/
Water+Use%2c+Evaporation+and+Carryout+in+Professional+Car+Washes. pdf

Mitters can often be installed as curtains in the pre-soak
area of the conveyor, and rotating brushes are often found
in the wash cycle (although this is not universal).

Mitters in Action During a Pre-Wash
Cycle in a Conveyorized System

Image source: Lee Norton, Mark VIl Equipment, Inc

Timing is a critical component in vehicle wash-
water efficiency.

In properly calibrated conveyors, nozzles are timed to

turn on as the vehicle passes under an arch and to shut
off as it exits each arch. Each arch is on for a matter of
seconds since conveyors can process ninety or more cars

Mitters at Work During a Wash Cycle

Image source: Lee Norton, Mark VIl Equipment, Inc
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an hour. Efficiency is also maintained
by proper nozzle configuration,
alignment, and water pressure. A
number of nozzle types can be
found in conveyor vehicle washes.
Nozzle tips which emit water in

a fine, fan-shaped spray appear

to use the least water. Nozzles
referred to as “guns” or “gatling
guns,” however, provide high-flow
volumes and should be used only with
reclaimed water.

Blowers at the ends of tunnels should be oriented to push
water back into the tunnel. Conveyors should have a
longer stretch of tunnel after the final-rinse arch, so water
that otherwise would be carried out of the tunnel can flow
back into the sump and be reclaimed and reused in the
vehicle-wash system.

Conveyor Wash Blowers in Action at Cycle’s End

Image source: Lee Norton, Mark VIl Equipment, Inc

Towel drying is one of the services offered in a full-service
conveyor or vehicle-detailing business. In many older car
washes, towel-washing sinks were designed to have a
constant flow-through of water. A float-ball valve that halts
the water flow when it reaches an optimum level is one
efficiency measure for such sinks.

New vehicle washes should not use flow-through
sinks or top-loading washing machines and
should install high-efficiency clothes washers
from the Consortium for Energy Efficiency’s Tier
3or4.

Per vehicle gnq self-seryi 2 gallons pe

Washes yse an
aver,
three-minyte cyc'e:':lge of 15 gallons p
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A conveyor

wash, referred to by the industry as “exterior-

only,” does not offer drying or detailing services. A visual
inspection is recommended to confirm whether a vehicle-
wash system is a full-service or exterior-only conveyor.

In addition to the savings already mentioned for conveyor
washes, a full-reclaim system can be installed. It is
cost-effective to build conveyor and in-bay automatic
carwashes with water-reclaim systems, which can reduce
potable water use by as much as 90 percent, although
average savings found in studies are more likely to fall

in the range of 50 percent. These systems can provide
additional filtration for rinse water. They can also be
designed so the pit extends outside the edge of the
tunnel, and the driveway and roof gutters direct rainwater
into the pit, thus providing rainwater as an alternative
water supply. These types of conveyors can be built in
commercial settings, but safety considerations typically
preclude their use except on private property. Because
the pit would extend outside the area of the tunnel, safety
should be improved by placing a steel grate above the pit

to prevent workers from accidentally falling in.

In-Bay Automatic Vehicle Washes

With in-bay automatics, the customer stays in the car,
while the car remains stationary within the carwash bay
during the process. The carwash equipment is mounted
on a gantry, which moves over or around the car. In-bay
automatics can use either spray nozzles or brushes or

a combination to wash the vehicle. In-bay automatics
also have the greatest variety in basic design, with some
machines comprising an entire movable arch and others
having vertical and horizontal arms suspended from the
gantry. Other designs include spinning arms that are
attached to the gantry. In-bay automatics that use brushes
typically have spinning bars with brush material attached
that roll over and alongside the vehicle.
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For in-bay touchless car washes, there is no physical Self-Service Vehicle Washes
touch applied to the vehicle (friction) and instead a

Self-service vehicle washes are typically credit card and/

or coin-operated and have spray wands and brushes
Example of an In-Bay Automatic Wash operated by the customer. This same equipment is often
R : ~ 7 found in truck washes, and some dealerships or fleet
operations also use spray-wand and brush technology.
A typical commercial self-service facility with four-to-six
wash bays will have an equipment room where water is
mixed with cleaning chemicals and where pumps and
treatment equipment are housed. The customer controls
whether and for how long low-pressure or high-pressure
settings are used. Thus, the vehicle wash owner/operator
does not have direct control over water use at the facility.
The owner/operator can, however, help reduce water
waste by installing the most efficient nozzles. In addition
to water used in the pre-soak and wash cycles, many
self-service operations also offer a spot-free rinse using
reverse osmosis (RO), deionized, or softened water. Reject
water from a Reverse Osmosis (RO) unit can be used
in landscape watering, where landscape exists. Ideally,
deionization equipment should be used rather than water-
softening or RO systems.

Self-service vehicle washes use the least water on average
per vehicle. A self-serve foaming brush car wash uses an
average of 1 to 2 gallons per minute per vehicle and self-
The number, size, and alignment of nozzles, the water service high-pressure wand car washes use an average of
pressure, and the speed of the machinery all affect the 15 gallons per vehicle per three-minute cycle.

water use of in-bay automatics. The number, size, and
alignment of nozzles can be specified in design guidelines.
Water pressure and speed are operational considerations.
Most in-bay car washes will use an average of 45 gallons

per vehicle.* Spray Wand in Action

combination of high-pressure wash and chemicals are
used to clean the vehicle.

This can be attributed to the direct relationship between
water use and price in the self-service vehicle wash: the

S IR

As with conveyor vehicle-washes, in-bay automatics that
use foam brushes or cloth material that use less water
than frictionless or “touch-free” washes. Some in-bay
automatics also reduce water use by employing photo eye
sensors® to precisely measure the length of the vehicle
being washed, limiting the gantry movement and timing of

the wash based upon the sensor signals. «wmwn‘:@mﬂ”fz‘:ﬁ‘""

5, Bl
s gy

In an in-bay automatic system, all water flows to one pit,
and all chemicals mix together. Therefore, water reclaim
systems can be more costly and a bigger challenge to
maintain than in conveyor carwashes.

4 https://8374610.fs1.hubspotusercontent-nal.net/hubfs/8374610/Pulse%20and%20Research/
Water+Use%2c+Evaporation+and+Carryout+in+Professional+Car+Washes.pdf

5 http.//automation-and-controls.blogspot.com/2009/05/how-to-install-and-maintain-photoeye.html
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longer the customer runs the wash, the more expensive
the service, since they are charged by the minute.

Self-service operators sometimes find evidence of oil
dumping or larger debris, like yard waste, in the wash
pits. This can occur because customers wash their own
cars unattended. Due to the relatively low potential water
savings and the potential for organic materials and debris
to foul the filters, water-reclaim systems are seldom
cost-effective in a self-service vehicle wash. Where zero
discharge is required by regulations, self-service operators
have installed reclaim systems, but have also hired on-
site staff to monitor and clean the wash bays, thereby
increasing the cost of doing business

Stand Alone Arches and Spray
Wands

Some outdoor vehicle washes in industrial or commercial
settings restrict public contact and use a single arch

to rinse off the vehicle prior to returning it to the public
right-of-way. These washes, built on private property, can
use aerobic biotreatment in open pits which capture both
the wash runoff and the rain that falls on the pit, the pad,
and the paved area around the pad. Such “total” reclaim
systems can also be designed or used for tire-washing,
which reduces dust on vehicles leaving quarries and other
industrial facilities. A bus wash water reclamation system
in Seattle was able to achieve more than 80 percent
efficiency and save more than 200 gallons per vehicle.®
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Recommendations
All:

-> Complete periodic visual inspections for leaks.
-> Perform monthly meter checks.

Shut down all equipment & record meter
readings at shutdown and prior to startup.

- Clean spray nozzles every couple of months.

-> Replace spray nozzles every 6 to 12 months
depending on the volume of cars going through the
system.

- When present, towel washers should be
front-loaded, high-efficiency machines with a
Consortium for Clean Energy rating of Tier 3 or 4.

- If a planned commercial building project includes
on-site vehicle washes, follow all local regulations
for water efficiency and reclamation requirements.

Conveyorized tunnel:

- Use friction components, such as mitters or foam
brushes, in every conveyor vehicle wash for pre-
soak and/or wash cycles.

- Spray nozzles on arches should produce a fan-
shaped spray, oriented parallel to the arch.

- Limit gun-type undercarriage nozzles to use of
reclamation water.

Table 13-1: Average Water Usage by Vehicle Wash Type

Type
Conveyor
In-bay
Self-service: foaming brush

Self-service: high pressure wand

Water Usage
30-40 gal/vehicle
45 gal/vehicle
1-2 gpm

15 gal/vehicle/3 min cycle

6 https.//calwep.org/wp-content/uploads/2021/03/Vehicle-Wash-Systems-PBMP-2006.pdf
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In-bay touchless:

= In-bay automatics which include a spot-free rinse
option should use deionization equipment, rather
than water-softening or RO systems.

Self-service/Stand-alone:

-  Optimum operating pressure nozzle flow rate
should be three gallons per minute or less (based
upon pump design).

-> Use a low-pressure pass for pre-soak.

- Use stainless steel or hard ceramic nozzles to
reduce corrosion, especially in areas with hard
water.

Reclamation:

-> Design wash pads, parking and staging areas,
and tire-rinse systems at industrial sites to capture
rainfall and wash water for reuse.

- Where RO is used, reject water should be sent to
the recycling system (or otherwise reused in the
washing process).

- At minimum, vehicle-wash-water reclaim
systems should provide water to the pre-soak,
undercarriage, and initial wash cycles.

- Equip vehicle washes for buses and other
commercial vehicles with filtration systems
sufficient to allow all wash and rinse cycles except
the final rinse to use reclaimed water.
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Chapter 14
LANDSCAPE WATER USE EFFICIENCY

his section will provide information on EBMUD and |rrigation Survey
California regulations regarding landscape irrigation
and design, as well as cost-effective approaches to If a customer suspects that a landscape is using more
manage a water efficient landscape, including water water than it should, a professional landscape survey can
management tools, irrigation, design, and maintenance. be a valuable primary intervention. Surveys can include:
In California, outdoor irrigation efficiency can be a = An evaluation of historic water use
significant contributor to a site’s water use and should be - Inspection of irrigation equipment
considered in any water management plan. > Review of irrigation scheduling
The U.S. Environmental Protection Agency - Review of applicable utility rebates
(EPA) indicates that, “As much as 50 percent of
the water we use outdoors is lost due to wind, EBMUD offers free commercial irrigation surveys to water
evaporation, and runoff caused by inefficient customers and has also partnered with several non-profit
irrigation methods and systems.’” Therefore, organizations?® to assist customers in hiring experienced
focusing on increasing landscape water use and reputable landscape professionals.
efficiency is an integral part of a wider water
conservation strategy at any landscaped
commercial facility.

Landscape with Climate-Appropriate Plants Programming an Irrigation Controller

W/ 3 1 o
-~ | - &\ i j
T o it i

RAIN MASTER™ EAGLE PLUS

1 https;/www.epa.gov/watersense/when-its-hot
2  https.//qwel.net/
3 https.//rescape.memberclicks.net/directory
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Irrigation System Review

There are many ways to reduce water use in the
commercial landscape and still maintain healthy plant
material:

- Check out EBMUD’s irrigation tips to save water
and resolve common irrigation problems such as:

Broken or misdirected sprinklers
Clogged or leaking drip irrigation
Leaking or stuck irrigation valves
Irrigation runoff from lawn or groundcover

- Review the watering schedule and adjust your
irrigation controller for the weather and season.

-> Consider investing in irrigation system
improvements such as self-adjusting controllers,
flow sensors, master valves, high efficiency
nozzles, drip irrigation and pressure regulators
to reduce inefficient water application — these
upgrades may be eligible for rebates with your local
water provider.

Landscape Design

If the property includes large sections of turf, consider
replacing lawn with climate appropriate plants to reduce
water use and support local ecosystems. Many property
owners are saving water and money by removing
non-functional turf. For example, an HOA in Alameda,
California, converted turf on median strips and reduced
water use by more than 70%.

For low water use landscape design ideas check out
online gallery, design templates, and demonstration
gardens. Seek out a resource such as Alameda County’s
Lawn to Garden water savings calculator to estimate
savings for a lawn conversion project on your site.

Select plants appropriate to your local climate and check
out your water utility’s webpage for localized lists and
resources. In the San Francisco Bay Area, residents

can use EBMUD’s list of Top 100 plants and EBMUD’s

4 https./www.waterrf.org/research/projects/residential-end-uses-water-version-2

WaterSmart Plants webpage. Remember
to group plants together based on their
watering needs (hydrozoning), and make
sure to add 3” layer of mulch to retain
moisture and protect plant health.

Pressure Regulator on an Irrigation Line

Whether you are trying to improve water management, fix
broken irrigation, or create a new design, there may be
times when site managers may need additional resources.
Check out EBMUD’s hiring a landscape professional page
for how to select a professional. For a comprehensive Cl
guidebook for site managers, see the Pacific Institute’s
Sustainable Landscapes Guidebook.

Ordinances and Regulations

Local water conservation and water waste
regulations

EBMUD, like most water utilities, requires an evergreen
baseline of water efficient practices from its customers

in order to “conserve the District's water supply for the
greatest public benefit.” 1 Proper water use is guided

by Section 29 of the utility’s Water Use Restrictions,
which outline prohibited uses of potable (as opposed to
recycled) water. Readers not located in EBMUD’s service
area should consult their local water utility’s water use
regulations for more information.
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Prohibited potable water
use for non-residential
customers includes:

- Single pass cooling

systems in new D
connections, and rought
non-recirculating phaSeS, S

systems in all new
conveyer car wash
and commercial
laundry systems.

- Applying potable
water to sidewalks,
driveways, or other
hard surfaces or materials
that results in excessive use and runoff.

- Non-recirculating ornamental fountain or other
decorative water feature.

- Use of potable water for construction, street
cleaning, soil compaction and dust control, if a
feasible alternative source of water is available.
EMBUD permit required for all potable water use

for construction, soil compaction and dust control.

Additional water efficient guidelines for non-
residential customers include:

> Use systems that recycle water where feasible.

- Measurable leaks with water flows onto adjacent
property or hardscapes shall not be turned on
or restored to service until repairs have been
completed.

- Hotels and motels are required to prominently and
clearly offer patrons the option of not having their
towels and linens washed daily.

The Model Water Efficient Landscape Ordinance
(MWELO)

MWELQ is a statewide water conservation regulation in
California for new and rehabilitated developments that
promotes low water use landscapes. The implementation
of and compliance with MWELO will help to secure
EBMUD and statewide water supply for long-term
planning and growth.

MWELOQO applies to single- and multi-family residential,
commercial, public, and institutional projects that require
a permit, plan check, a new water meter, change in water
meter size, or business classification with:

5 httos./www.cvwd.org/597/Non-Functional-Turf-FAQs
6  https.//calwep.org/california-lawmakers-approve-non-functional-turf-ban/

-> Construction
of 500 square feet or more of
new landscaping (E.g., building a new home on a
lot) .OR

- Rehabilitation or remodeling of landscaping
where the total existing landscape is over 2,500
square feet (e.g., constructing a pool and redoing
landscaping.

Sprinkler Spray Bodies

An additional landscape regulation concerning Spray
Sprinkler Bodies (SSB) went into effect on October

1, 2020. After this date, all newly manufactured SBB

are required to be certified by the California Energy
Commission’s (CEC) appliance efficiency database known
as the “Modernized Appliance Efficiency Database” before
being offered for sale in California. Compliant SSB contain
pressure regulating devices and adhere to a flow rate and
pressure performance criteria including a minimum outlet
pressure.

Non-Functional Turf Ban

In the fall of 2023, Assembly Bill 1572 was passed
prohibiting the use of potable water to irrigate non-
functional turf located on commercial, industrial, and
institutional (CIl) properties. The legislation will replace a
temporary non-functional turf irrigation ban enacted in
June 2022 by California’s State Water Board and will be
phased in beginning January 1, 2027.°

Non-functional turf is ornamental grass not used
for recreation, civic and/or other community
events. It includes turf irrigated for aesthetics
such as street medians and parking lots
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Compliance will be phased in beginning January 1, 2027:

Example of Inefficient Overhead Spray Irrigation

- State, local government, and public agency
buildings beginning January 1, 2027.

- Institutional properties and all commercial and
industrial properties, beginning January 1, 2028.

- All common areas of properties of homeowners’
associations, and common interest developments,
beginning January 1, 2029.

- All properties owned by local governments, local
public agencies, and public water systems in a
disadvantaged community, beginning January 1,
2031, or when funding is available.

Water Management Tools

As an EBMUD customer, consider using these four
information-based water management tools to irrigate
efficiently.

Water Budget Reports

The irrigation ban applies to CllI properties including those EBMUD provides B Recommended Water Budget
below, but not limited to: free water budget o oo
. rts t ial e i
> City and county land reports to commercia oo
customers P, »
- Educational institutions with dedicated e
- Government, public agency buildings irrigation meters. "
-> Grocery and retail stores The water budget
compares actual
- Homeowner association owned properties and water consumption
common interest developments with target water
- Hospitals consumption tailored
- Office, warehouse, and industrial buildings to the site’s landscape
- L area, location, and plant
> Religious institutions type. The water budget provides a high-level overview of
- Restaurants how effectively water is managed at the landscape.

My Water Report Portal
Example of Non-Functional Turf in a Parking Lot.
EBMUD customers can also sign up online for the

My Water Report program, which grants free access

to historical water use history, billing information, leak
detection tips, and more. Select water customers

with “smart” meters can also edit their communication
preferences to include leak alerts and high use
notifications to address costly leaks in a timely manner.
Water budgets and leak alerts helped a recent customer
fix a 300 gallon per hour leak, saving nearly $1,250 per
day.
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Flowmeters

The majority of EBMUD meters are read every two
months. Therefore, the Water Conservation Division
recommends customers install a flowmeter to more
closely monitor water use with up-to-the-minute water use
data. Flowmeters measure and report water use down to
a fraction of a gallon, with updates as frequent as every
minute. They can alert customers to leaks, as well as be
configured to send alerts through a web portal or mobile
app. EBMUD provides rebates for this technology and also
displays a list of approved devices.

Recommendations

Follow the principles of water-efficient landscaping,
including:

- Plan and design based on your space (sun, shade,
soil, slope, size etc.) and needs

- Conduct regular irrigation system maintenance
(quarterly or bi-annually)

- Regularly check your irrigation system for leaks
(monthly)

- Frequently review your irrigation schedule. Adjust
the schedule seasonally, or install a smart irrigation
controller for automatic daily adjustments

EBMUD rebate available
Sample irrigation schedule

- Upgrade to more efficient irrigation equipment like
drip irrigation, high efficiency sprinkler nozzles, and
smart irrigation controllers

EBMUD rebates available

- Choose water efficient and native plants

- Hydrozone: group plants in irrigation zones based
on water needs

-> Don’t leave any bare soil — maintain a healthy layer
of mulch around plants

EBMUD coupons available

- Test and amend your soil for optimal plant health

- Consider turf alternatives, or use turf sparingly and
appropriately
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Chapter 15
CANNABIS PRODUCTION
OPERATIONS

he medical and recreational cannabis market in the Indoor Commercial Cannabis Operation

United States exceeds 20 billion dollars and is, “one
of the fastest-growing industries, globally.”* While cannabis
is processed into multiple products, this section will focus
on addressing equipment used in growing cannabis.

Additional areas that affect a cannabis business
include cooling (HVAC), filtration systems,
dehumidification, and cleaning. Be sure to check
the chapters for those areas that affect your
business.

Cannabis can be grown indoors, outdoors, and inside
greenhouses. While outdoor operations have the lowest
rates of water use per square foot,? indoor production
tends to generate the highest yields per square foot due
to a shorter growing cycle and higher planting density.®
Indoor operations use significantly higher volumes of water
per square foot of plant canopy, but less water per plant,
as they are also able to produce more harvests per year.*
The decision whether to cultivate indoors versus outdoors
should take into account local regulations, facility rental or
purchase costs, as well as water and energy costs.

Water sources used in the production of cannabis may
include utility-supplied potable water, hauled (delivered)
water, private well water, on-site reclaimed water, and
natural sources such as rain or surface water.® Water is
used for irrigation, humidification, cooling, cleaning, and
to dissolve nutrients for application. The volume of water
used in cannabis, as compared to other crops, is still an
area ripe for research with conflicting studies frequently
reporting that it is equal to, or less than, many major
crops.®

More important than comparisons to the water use of
other crops, however, is a focus on relative water efficiency
of different production methods within the cannabis
industry itself. Prior to irrigation, water should be tested to

determine its suitability for the crop. Some water sources for fertigation (combination of fertilizers and water prior to
require additional filtration, and some water may be used application).

1 Lipson, Ross. Forbes. (2022, February 18). Where Is the Cannabis Industry Headed In 2022? Forbes.
https.//www.forbes.com/sites/forbesbusinesscouncil/2022/02/18/where-is-the-cannabis-industry-headed-in-2022/?sh=49d5ffec72e2

2 Long, Andrew. (2021, March 2) Marijuana cultivators should rethink how they measure water use, new report says. MJBizDaily.
https://mjbizdaily.com/rethinking-water-use-measurements-in-marijuana-cultivation/

3 Wilson H, Bodwitch H, Carah J, Daane K, Getz C, Grantham T, Butsic V. (2019, September 12). First known survey of
cannabis production practices in California. Calif Agr 73(3):119-127. https.//doi.org/10.3733/ca.2019a0015.

4 Dillis, C., Grantham, T., Butsic, V., Carah, J., Parker-Shames, P. (2020) Water Use in Cannabis Agriculture. Cannabis Research Center.
https.//cre.berkeley.edu/wp-content/uploads/2020/12/CRC_Brief_WaterUse_2020_1205.pdf

5 New Frontier Data. (2021). Cannabis H20: Water Use & Sustainability in Cultivation.
https://newfrontierdata.com/product/cannabis-h2o-water-use-and-sustainability-in-cultivation/

6 Comprehensive Cannabis Consulting. (2018, January 12). Cannabis Cultivation: Water Efficiency and Regulations.
https.//www.3ccannabis.com/2018/01/cannabis-cultivation-water-efficiency-regulations
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Table 15-1: Irrigation Methods for Indoor Cannabis Cultivation

IRRIGATION METHOD

HAND WATERING

DRIP IRRIGATION

FLOOD TABLES

Recommendations

Leaks

BENEFITS

® Eyes on all plants during watering
e Gives grower “hands on” feel
¢ No high-tech equipment required

e Usually automated
¢ Precise volume of water

e Allows cultivator to water many
plants at once

e Automated

e | ess chance of under-watering
plants

e Easy and inexpensive to build

Table 15-1 includes the efficiency, benefits, and
drawbacks for the most commonly used methods of
indoor irrigation.”

Standard areas where the cannabis industry may benefit
from best management practices for water efficiency
include:

DRAWBACKS

e Inconsistency of volume per pot

¢ |nconsistency between employees
responsible
for task

e | abor-intensive

¢ Potential clogging of emitter

e Manual inserting/removal of dripper
when moving plants

e Additional cost to install and
maintain

® More technical, with high learning
curve

¢ | arge amounts of water used at
once

e Increased humidity if reservoirs do
not have lids

e Manual labor to clean and refill
reservoirs

Ensure pressure is appropriate for the type of
irrigation application used.

Regularly check fittings and emitters on
irrigation systems and repair all leaks
immediately.

Consider investing in a sub- or flow meter to
better understand irrigation use and quickly
detect costly leaks® (and take advantage of any
available utility rebates).

Automation

- All plumbing systems are susceptible to leaks.

Leaks not only waste water but may result in
lost nutrients, health and safety violations (wet

floors and surfaces) and create an environment
for harmful algae growth. Perform the following

checks:

Ensure pipes are correctly sized.

- Automated irrigation systems can improve
accuracy and efficiency of water application.

Smart controllers and associated online
software can manage irrigation remotely and
save money on water use, adjusting based on
local weather and site conditions.

City of Denver, Public Health and Environment. (2021, October). Cannabis Environmental BMP Guide.
https.//www.denvergov.org/files/assets/public/climate-action/documents/2021_cannabis-bmp-guide_rev-11-23.pdf
East Bay Municipal Utility District. Best Management Practices for Cannabis Facilities.
https.//www.ebmud.com/download._file/force/7615/668?bmps_for_cannabis_facilities.pdf=


https://www.denvergov.org/files/assets/public/climate-action/documents/2021_cannabis-bmp-guide_rev-11-23.pdf
https://www.ebmud.com/download_file/force/7615/668?bmps_for_cannabis_facilities.pdf=

Smart controllers automatically shut off irrigation
prior to or during rain events (for outdoor
cultivators).

Automated irrigation and flow metering systems
can measure irrigation applied during each
phase of growth and establish a baseline for
runoff.

Some software systems integrate additional
data including fertigation.

Take advantage of any available utility rebates
for smart controllers and/or flow sensors.

Irrigation schedules

- The frequency and duration of irrigation greatly
depends on the growing medium, environment,
and season.

When programmed correctly, automatic
irrigation systems can streamline operations,
saving water and money.

Thoroughly research the desired production
approach and take the plant’s growth phase
into consideration to determine the ideal
schedule.

Watch for signs of an over-watered plant,
especially in indoor environments where the
humidity can remain high.®

Filtration

- “Water can be purified using several different
methods including carbon filtration, UV sterilization,
and reverse osmosis. When considering
environmental inputs, water treatment using carbon
filtration has emerged as the most efficient method
to reduce contaminants and minimize water loss.”

Reverse osmosis for wastewater purification is
expensive, creates significant waste, and is not
recommended.

= “For example, a typical point-of-use RO system
will generate five gallons or more of reject water for
every gallon of permeate produced.”'®

Additionally, in water utility service areas such as
EBMUD with low Total Dissolved Solids (TDS),
additional purification is often not necessary.
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Check with your local water utility for more
information.

Onsite water reuse (runoff, condensate)

-  Water in an agricultural setting is frequently
wasted through missed opportunities in water use
efficiency. In cannabis growing operations this can
include the ability to capture, filter, and reuse water
that would otherwise be lost to runoff, evaporation,
disposal of unused irrigation, or ventilation water.

- For outdoor applications, consider using mulch
and raised beds to minimize or eliminate this
waste.

- For indoor applications, installation of HYAC
systems designed to collect and treat condensate
can be reused to minimize waste."" For more
information on condensate reuse, see Chapter 7
Alternate Onsite Water Sources.

Green cleaning products and practices

- Growing media is a contributing factor to the
frequency and level of cleaning necessary in the
work environment.

- Soil may require more frequent cleaning of an
indoor grow area than rockwool due to the
likelihood of getting soil on the floor.

- Be sure to properly dilute all cleaning solvents as
higher concentrations do not necessarily work
better and make it harder to process the water.

- Use environmentally friendly cleaners such as those
rated by Green Seal, Eco Logo or Safer Choice.'

Maintenance

- Performing regular and routine maintenance can
reduce leaks and equipment failure that result in
water waste.

- By choosing lower maintenance systems, you can
minimize your water use and maintenance costs.

- Regular HVAC system maintenance is crucial to
system sustainability.

Water savings will vary with each business dependent on
the size and type of the operation, the environment, and
the need for water filtration.

9 Cannabis Training University. Overwatered Marijuana Plants: Comprehensive Guide to Spotting and Avoid Overwatering Cannabis Plants.
https://cannabistraininguniversity.com/growing/overwatered-marijuana-plants-how-to-spot-and-avoid-overwatering-cannabis-plants/

10 Environmental Protection Agency. Point-of-Use Reverse Osmosis Systems. EPA.gov. https:/www.epa.gov/watersense/point-use-reverse-osmosis-systems
11 https://growersnetwork.org/cultivation/condensate-reclamation-practical-concerns/

12 City of Denver, Public Health and Environment. (2021, October). Cannabis Environmental BMP Guide.
https.//www.denvergov.org/files/assets/public/climate-action/documents/2021_cannabis-bmp-guide_rev-11-23.pdf
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