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1.0 Introduction

This report, Commercial, Industrial, and Institutional Task Force Water Use Best
Management Practices Report to the Legislature, identifies specific best
management practices (BMPs) and actions to support the commercial, industrial,
and institutional (ClI) sector’s efforts to improve water use efficiency and
support California’s water supply sustainability. It is intended to provide the ClI
sectors with information on water-saving technologies and applicable BMPs.

This report is intended for use as a resource for:

e Existing and new businesses, facilities, and institutions.
o Developers, consultants, and designers.
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o Water service providers.
e Planning agencies.
e Policy makers.

Since technology and practices change over time, the information in this
report is intended and recommended to be updated periodically.

This report provides the ClI sector to capture the multiple benefits of

“Fortunately, there are
numerous cost-effective
strategies that can be
applied to achieve
significant water savings in
the Cll sector. Estimates
indicate that this potential
ranges between 710,000

reduced costs for water, energy, wastewater, and onsite water and
wastewater treatment facilities. Water efficient landscape BMPs are also
included because outdoor water use may represent a significant
percentage of CIl water use.

Recommendations include BMPs, actions for implementation, metrics
and the use of alternate water sources for certain applications.

and 1.3 million acre-feet
per year.”

(Quote from Making Every Drop Work:
Increasing Water Efficiency in
California’s Commercial, Industrial, and
Institutional (Cll) Sectors 2009 NRDC.
Efficiency estimate based on 2003
Pacific Institute analysis in Waste Not,
Want Not: The Potential for Urban

Water Conservation in California.)

1.1 Background and History

The CII sector is fundamental to California’s economy and structure. It employs
residents, provides goods and services, and maintains the state’s position as a
center for technology and innovation. Though California’s economy has grown,
the water used in the state has remained generally consistent (see Figure 1.1).
Increasing water use efficiency is critical to growing and protecting the state’s
economy and to reduce pressures on California’s water resources and
environmental health.

Growing population, climate change, and the need to protect and grow
California’s economy, while protecting and restoring our fish and wildlife
habitats, make it essential that the state manage its water resources as efficiently
as possible.

The California Department of Finance (DOF) estimates that California’s
population will continue to grow from 37 million people (2010 census),
surpassing 40 million by 2020 and 50 million in 2050. The 2009 California
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Water Plan Update (Update 2009) addressed the variability of population, water
demand patterns, environmental patterns, climate, and other factors that affect
water use and supply. Incorporating consideration of uncertainty, risk, and
sustainability, Update 2009 estimates that in 2050, urban sector water use will be
between 1.5 and 10 million acre-feet per higher than the 2009 annual use.

To address increasing demands on the State’s water supply, Governor
Schwarzenegger issued an executive order in February of 2008 that called for a
20 percent reduction of per capita water use in the urban sector by 2020. In
November 2009, Senate Bill (SB) X7-7 (Steinberg) made that order a state law
by amending the California Water Code (CWC). This report meets one of the
requirements of this law.

SB X7-7 recognizes that:

¢ Reduced water use through conservation achieves significant energy
and environmental benefits and can help protect water quality,
improve stream flows, and reduce greenhouse gas emissions.

o Diverse regional water supply portfolios will increase water supply
reliability and reduce dependence on the Sacramento - San Joaquin
Delta.

e The success of state and local water conservation programs to
increase efficiency of water use is best determined on the basis of
measurable outcomes related to water use or efficiency.

SB X7-7 contains specific actions requiring water conservation, measurement,
and reporting activities for urban and agricultural water suppliers. One of the SB
X7-7 actions directs the Department of Water Resources (DWR), in coordination
with the California Urban Water Conservation Council (CUWCC) to “convene a
Task Force consisting of academic experts, urban retail water suppliers,
environmental organizations, commercial, industrial, and institutional water users
to develop alternative best management practices for the commercial, industrial,
and institutional water users” (CWC10608.43).

The CIl Task Force was also directed to assess the potential statewide water use
efficiency improvements in Cll sectors that would result from implementation of
the alternative BMPs. The CII Task Force, in conjunction with DWR, was
ordered to submit a report to the Legislature by April 1, 2012.

The CUWCC played a key role in the CIl Task Force formation and
implementation. The CUWCC is a non-governmental organization created in
1991 by urban water agencies and environmental groups. The CUWCC was
created to “increase efficient water use statewide through partnerships among
urban water agencies, public interest organizations, and private entities.” The
CUWCC's goal is to integrate urban water conservation BMPs into the planning
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Future increases in air
temperature, shifts in
precipitation patterns, and
rising sea level could
affect California’s water
supply by changing how
much water is available,
when it is available, and
how it is used (DWR
Climate Change Effects,
Update 2009).
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and management of California's water resources. It has adopted water use BMPs
that its 389 member agencies have agreed to implement.

1.2 Scope of the Commercial, Industrial, and
Institutional Task Force

The scope of the CII Task Force is defined by statute 810608.43 as outlined
below. It was tasked with:

e Developing alternative BMPs for ClI businesses and an assessment
of the potential statewide water use efficiency improvement in the
CII sectors that would result from
implementation of these BMPs.

e Conducting a review of multiple
sectors within CII businesses and
recommended water use efficiency
standards for ClI businesses among the
various water use sectors.

o Developing appropriate metrics for
evaluating CII water use.

e Evaluating water demands for
manufacturing processes, goods, and
cooling.

e Evaluating public infrastructure necessary for delivery of recycled
water to the ClI sectors.

e Assessing the institutional and economic barriers to increased
recycled water use within the CII sectors.

e ldentifying of the technical feasibility and cost and benefit of the
BMPs to achieve more efficient water use statewide in the ClI
sectors that is consistent with the public interest and reflects past
investments in water use efficiency.

October 21, 2013
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1.3 CIl Task Force Members, Meetings, and
Report

DWR and the CUWCC project management team assembled the ClI Task Force
to develop BMPs, metrics, recommendations, and this report to the legislature.
The Task Force consisted of key ClI leaders with strong expertise in water-
related issues, representing “academic experts, urban retail water suppliers,
environmental organizations, commercial water users, industrial water users, and
institutional water users,” as specified in the CWC §10608.43. CIl Task Force
members were invited to participate or were recommended. Participation was
voluntary and, in several cases, a member or alternate served only once because
of scheduling conflicts.

At the CII Task Forces initial meeting in March 2011, subcommittees were
formed to review, assess, and develop new BMPs, as necessary. The
subcommittees included:

o Food and Beverages - Trudi Hughes/California League of Food
Processors, chair

e High Tech - Mike Mielke/Silicon Valley Leadership Group,
chair

o Commercial Landscape - Mike Pimentel/Rain Bird, chair
e Metrics — Jeremy Jungreis/US Marine Corp Reserve, chair

o Petroleum Refining and Chemicals — Ken Letwin/British
Petroleum, chair

e Water Recycling — Dave Smith/WateReuse, chair

Subcommittees were comprised of CIl Task Force members and non-member
subject matter experts with interest and expertise in the subcommittee topic.
Subcommittees met regularly to implement the BMP mission and prepare
relevant portions of the Task Force Report. Subcommittee actions and status
were reported at each Cll Task Force meeting.

Agendas were posted ten days prior to meetings on the CUWCC’s CII Task
Force and on the DWR’s Water Use Efficiency websites." Meetings of the ClI
Task Force were open to the public and were subject to the Bagley Keene 2004
Open Meeting Act. The public and other interested parties were given an
opportunity to comment throughout the process.

The Task Force members provided technical information, reviewed technical
material and documents, and provided comments, data, and supporting
information to the DWR and CUWCC project management team which prepared

1 http://www.cuwce.org/2column.aspx?id=16620 and www.wateruseefficiency/sh7
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this report as stipulated under the CWC §10608.43. The recommendations in this
report reflect a consensus of the Task Force members.

The CUWCC and their contractors, under the direction of DWR, drafted the
initial documents for the first draft of this report. DWR then assembled and
edited the first and subsequent drafts.
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Figure 1.1 - California Population, Gross Domestic Product (GDP) and
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2.0 Report Organization

This report is organized on multiple levels to support its use for diverse purposes.
It provides a general overview for those interested in the commercial, industrial,
and institutional (CII) best management practices (BMPs) concepts, as well as
detail for those implementing them. Recommendations also include the use of
alternate water sources for certain applications, and many of the BMPs can be
applied to other business types not specifically addressed herein.

This report includes the following:

e Executive Summary — Report highlights.

e Volume I: A Summary — This volume contains summary of the in-
depth information provided in Volume II. The targeted audience for
Volume | is the general public, the legislature, and other policy
makers and managers.

e Volume II: Recommendations, BMPs, and Technical
Background — This volume contains the fully-developed, technical
report prepared by the Cll Task Force team and the full
recommendations of the CII Task Force. Volume 11 also includes the
report appendices, which contain supplemental information, the
glossary, case studies, and references. This volume is targeted to
those who would implement the BMPs and are interested in a more
technical discussion.

Both VVolumes | and Il are prepared as stand-alone documents; however,
references and appendices are only included in Volume II. Each volume contains
the same sections, but the technical sections are only briefly summarized in
Volume I.

The introductory sections are the first four sections of each volume. They are the
same in both volumes except for references, and provide information critical to
any reader of this report. The introductory sections include:

1.0 Introduction

2.0 Report Organization

3.0 Current Water Use and Demand in the Urban Sector
4.0 Recommendation Summary

The technical sections (Sections 5.0 through 10.0) follow the introductory
sections in both volumes. However, the level of detail in the technical sections

differs between the two volumes. In VVolume I, each section is a brief summary of
the more detailed information contained in VVolume Il. The technical sections are:

5.0 Water Use Metrics and Data Collection
6.0 Technical and Financial Feasibility of Implementing the BMPs
7.0 Commercial, Industrial, and Institutional Sector BMPs

October 21, 2013

For the reader’s
convenience, this report is
displayed in two volumes.
Volume | provides a
summary of the material
presented in greater detail
in Volume Il, which
includes the Appendices
and Case Studies.
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8.0 Standards and Codes for Water Use Efficiency

9.0 Public Infrastructure Needs for Recycled Water

10.0 Evaluation of Institutional and Economic Barriers to Municipal
Recycled Water Use

The BMPs are the highlight and focus of the CII Task Force Report. They are
presented in three locations:

o Volume I — A brief overview of how the BMPs were developed and
what BMPs are included

o Volume Il — A fully developed, detailed discussion of each BMP,
including relevant information for implementation.

e Appendix A — A BMP list and description only, without background
information.

A glossary of terms is included in Appendix B. Selected case studies describing
water savings efforts currently being implemented in California are in Appendix
C. These, and each of the other appendices, are located in VVolume II.

October 21, 2013
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3.0 Current Water Use and Demand in
the Urban Sector

California’s water demands have begun to reach and, in some circumstances,
exceed the available water supply. Although the State has a vast supply of water
resources, competing demands from agricultural, residential, commercial,
industrial, and institutional (CIl) businesses, and the environment are placing a
strain on that supply. Yet water is vital in California, as this state is the 8th
largest economy in the world and the most populous state in the nation, with 37

million residents according to the 2010 census.
DWR estimates that the

The 2009 California Water Plan Update (Update 2009) estimated that the Cll sector accounts for
annual average water demand is 33.2 million acre feet (maf) for the agricultural approximately 30%, or
sector and 8.8 maf for the urban sector based on the average uses during the roughly 2.6 million acre-

1998 to 2005 time period (Update 2009). Long-term variability (1967 to 2010) feet (maf), of total urban
in these annual demands is shown in Figure 1.1. These estimates do not include water use in California
additional state developed water that is allocated, mitigated, legislated, (Update 2009).

designated, or otherwise used to support the environment.

The Update 2009 estimated that the ClI sectors use approximately 30 percent, or
roughly 2.6 maf’, of total urban water use. Figure 3.1 shows how CIl water use
relates to California’s overall water use, excluding environmental use, as well as
the proportion of the three components of CIl water use measured by the WPU
2009 — industrial, commercial and institutional, and large landscape (golf
courses, parks, etc.).

Reductions in CIl water use would contribute to the urban sector meeting its
2020 targets. Water conservation and efficiency benefits the CII sector by
reducing costs as well as physical, regulatory, and reputational water-related
risks.

The CII sector obtains water from numerous sources, including:
o Delivered water from external suppliers, including both surface
and groundwater supplies.
e Self-supplied water, primarily groundwater.

e Municipal recycled water, supplied from an external supplier.

In addition, the CIlI sector frequently internally reuses its process water to
maximize water supply benefits. This internal reuse has not been quantified
because such practices may involve proprietary information.

2 This number does not include self — supply, but does include recycled water.
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Seawater, or saline water, is an additional source of water supply available to

some coastal ClI facilities providing an estimated 14.5 maf primarily to the
mining and steam electric power plants sectors (USGS 2009). Saline water
use is not included in the Update 2009, as illustrated in Figure 3.1. Figure 3.2
shows the total estimated Cll annual water sources and use, considering both
saline and freshwater use.

Reductions in CII water
use would contribute to the
urban sector meeting its
2020 targets. Conservation
and efficiency benefits the
Cll sector by reducing
costs as well as physical,
regulatory, and
reputational water-related
risks.

Within the CII Task Force Report, BMPs are generally considered applicable
to any CII water sources, with the exception of municipal recycled water.
Because of the uniqueness of municipal recycled water relative to the ranges
of water quality and its dependence on the local supplier, as well as
infrastructure and process issues, recycled water is addressed separately in

Chapters 9.0 and 10.0 of this report.

Statewide Use Urban Use Cll Sector Use
/Residential
Interior .
Agriculture Urban 2.7 Indgstrlal Commercial
33.2 8.8 Cll Sector : Institutional
. Resideptial 2.6 Large 1.1
Ex;e(r)lor Landscape
\' 0.9
\Other

0.5

Figure 3.1 Volumetric Breakdown of California Non-Environmental
Developed Water Use

Note: Based on 1998-2005 CWP averages. Volumes shown are in millions of acre-feet per year.

Saline (ocean)

.

Figure 3.2 Sources of Cll Water in California

10



Cll Task Force Best Management Practices Report to the Legislature, Volume Il October 21, 2013

4.0 Task Force Recommended Actions
Summary

This report explores a range of issues associated with water use and efficiency
opportunities within the CII sector and recommendations including:

e Best Management Practices (BMPs) The “Task Force

Recommended Actions
Summary” section of this
report provides direction
on how noted tasks can

e Best Available Technology (BAT)

¢ Recommendations for actions

e Metrics for evaluating water use be accomplished, plus a
list of potential
e Recycled water and alternative supplies recommended legislative

actions and next steps.
The recommendations found in this report provides direction, procedures
or actions to formalize and assure implementation, verify and report on
implementation, and adopt changes as practices and technologies improve.
Recommendations also include next steps and a list of potential legislative
actions.

The Task Force, furthermore, recommended that throughout the BMP
implementation process, participation by the state legislature, state agencies,
industry groups, CII businesses, water service providers, wastewater agencies,
environmental groups, and other stakeholders should be included.

While stakeholders in the implementation process have been identified, their
continued support and specific roles must be confirmed. An assessment of the
resources needed for implementation must be completed and sources of
additional support, both financial and technical, must be defined. The
implementation process should include state legislation, regulations, and
stakeholder buy-in. Also, a mechanism for verification of progress will need to
be defined, implemented, and monitored.

Throughout the implementation process it is important to remember that each CII
site is unique and needs to be treated as such. Accordingly, the approaches to
implementing BMPs, determining metrics, the technical feasibility, and cost-
effectiveness need to consider that uniqueness. Finally, water use comparisons
between various business sectors or between individual customers may not be
helpful in determining metrics and selecting benchmarks, and are best applied
within an individual business or customer due to unique site-specific
characteristics.

11
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The following discussion summarizes actions that can be implemented regarding
metrics, the technical and financial feasibility of implementation, BMPs and
recycled water. Specific BMPs and recommendations for metrics and recycled
water can be found in the corresponding sections of Volumes I and II.

4.1 Metrics and Measuring Progress

The purpose of this section is to provide a conceptual understanding and
approach to establish appropriate metrics for evaluating water use, efficiency,
and productivity in the ClI sectors, and to identify the savings potential from
implementation of the CIl BMPs in California. The usefulness and feasibility of
metrics are tied to the availability and reliability of data. This section summarizes
objectives and introduces the need for consistent and reliable water use data
collection, reporting, and monitoring. Volume I, Section 5.0 Metrics summarizes
Volume |1 Section 5.0 and includes recommendations, while VVolume Il contains
the full discussion and recommendations.

It should be noted, however, that water use metrics require further evaluation,
especially for the industrial sector.

The objectives identified for water use metrics and data collection include:
Metrics:
e Providing a framework for understanding water use metrics and
their applications.
e Discussing who uses metrics and why.
o Presenting criteria for selecting appropriate metrics.

o Providing examples of metrics in use and potential new metrics.

e Providing recommendations to improve the use of metrics that will
encourage water use efficiency and demonstrate the effectiveness of
BMP implementation.

Data Collection and Reporting:

e Providing context perspectives to address Cll water use data
collection and reporting at the water service provider and state level.

e Providing recommendations to evaluate options for data collection
and reporting across end use, water service provider, subsector, state,
and sector levels.

12
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The applicability and
feasibility of metrics are
tied to the availability,
consistency, and reliability
of data collection,
reporting, and performance
monitoring.
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4.2 Technical, Financial Feasibility and
Potential Water Use Efficiency
Improvements for BMPs and Audits

The Legislature called upon the CII Task Force to develop “an assessment of the
potential statewide water use efficiency improvement in the commercial,
industrial, and institutional sectors that would result from implementation of
these best management practices” (CWC Section 10608.43). A statewide
assessment was challenging, as described in this section, but examples of water
savings accomplished in specific applications are presented in this section along
with an approach based on penetration rate for a BMP.

Finally, water audits have been found to be effective in assisting managers of ClI
entities to identify areas of inefficient water use within facilities and appropriate
BMPs to reduce water use. A discussion of audits concludes this section.

Recommendations

The CII Task Force has the following recommendations based on the background
information provided in Section 6.0 of Volume I and I1.

e Cll entities should perform water audits to identify opportunities for
implementation of BMPs.

¢ Following audits, CII entities should evaluate the technical and financial
feasibility of BMPs to determine whether to implement BMPs.

e Water and energy service providers should incorporate water audits into
their efficiency programs, consider financial incentives for BMP
implementation, and provide other technical assistance as appropriate.

¢ Organizations representing businesses and industry, water service
providers, CUWCC, and DWR should educate ClI businesses on the
BMPs and approaches to doing audits and performing a cost-
effectiveness analysis.

o All new water users should consider implementing the recommended
BMPs at the time of installation or construction.

o When replacing equipment, CII business should evaluate the equipment
and the maintenance and operational practices needed to achieve an
industry standard of water use efficiency for the new equipment being
purchased.

13
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4.3 Best Management Practices

A wide range of BMPs have been developed that focus on technical
advancements and improved management practices that will increase the

efficiency of water use in the ClI sectors. A detailed discussion on specific BMPs

that could be implemented for the various Cll sectors and their financial

feasibility and potential water efficiency improvements are described in Volume
I, Sections 6.0 and 7.0 and VVolume 11, Sections 6.0 and 7.0 and Appendix A.

Implementation of the BMPs could be facilitated by all stakeholders doing

the following:

October 21, 2013

Endorse and adopt a formal process and commit to ongoing support
for CIl water conservation measures to address issues identified in this
report.

Share and promote the importance of BMP implementation with ClI
businesses and the general public.

Conduct state-wide BMP workshops in coordination with industry
organizations to implement the recommendations of this report;

Provide technical and financial assistance and advice to those
implementing the BMPs.

Develop a mechanism for reporting progress that could include:

o Periodic reports to the Legislature through DWR or other
designated entities

o0 Inclusion of progress reports in CUWCC reports to the State
Water Resources Control Board (SWRCB)

o0 Inclusion of progress reports in urban water service supplier
Urban Water Management Plans (UWMPSs)

Develop local, sector specific, and state wide approaches to track the
success and effectiveness of BMP implementation efforts and water

It is recommended that an
advisory group or
committee be formed to
further analyze and make
recommendations
regarding the
development, use, and
capture of pertinent
metrics and BMPs.

savings results.

Develop a mechanism to update the ClI BMPs as practices and
technologies improve.

Identify assurance mechanisms that recommendations of this report
are addressed.

Water service providers
(and energy utilities)
should incorporate audits
into their efficiency
programs, consider
financial incentives for
BMP implementation, and
provide other technical
assistance as appropriate.

14
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Financial Feasibility and Potential Water Use Savings for BMPs:

o ClIlI businesses should perform audits to identify opportunities for
implementing BMPs. Following audits, they should calculate the cost-
effectiveness of various measures, factors such as:

e Projected water and wastewater cost savings over time

o Energy savings and changes in operation and maintenance costs
including changes in water, wastewater, energy, waste disposal,
pre-treatment, chemical, and labor costs

e Implementation cost
e Potential incentives available
e Water supply reliability benefits

e Water service providers (and energy utilities) should incorporate audits
into their efficiency programs, consider financial incentives for BMP
implementation, and provide other technical assistance as appropriate.

The CUWCC should continue to update their BMPs for water service providers’
ClIlI conservation programs and technologies to incorporate the Cll BMPs, audits,
and cost-effectiveness assessments. All new water users should also consider and
re-evaluate implementation of recommended BMPs at the time of equipment
installation or construction improvements.

4.4 Recycled Water and Alternative Supplies

Key issues in the CIl Task Force Report address how non-potable water sources
can be obtained and incorporated into Cll applications. These issues are
considered in Sections 7.0 (alternate water supplies and specific BMPs), Section
9.0 (infrastructure limitations for obtaining municipal recycled water), and
Section 10.0 (barriers and solutions for CII use of municipal recycled water).
Overall these recommendations include legislative, financial, regulatory, and
operational mechanisms for increasing non-potable water use in Cll applications.

The following actions should be taken to encourage more aggressive use of
recycled water and alternative water supplies by CII water users:

15
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e Improve regulatory and statutory requirements to overcome barriers to
potable and non-potable recycled water use in a manner that is protective
of public health and water quality.

October 21, 2013

e Encourage the California Building Standards Commission (CBSC) to
consider national and international codes and to:
0 Periodically update and expand the plumbing code.
0 Address alternative water supplies.

e Encourage financial and technical assistance to increase recycled and

Overall these
recommendations include
legislative, financial,
regulatory, and operational
mechanisms for increasing
non-potable water use in
Cll applications.

alternative water use.

The California Energy Commission (CEC) should consider allowing offsets for
the use of recycled water at power plants. Under an offset program, where it is
not feasible to use recycled water at a power plant, a power plant operator would
be allowed to provide funding to expand recycled water at another location.

4.5 Legislative Opportunities

Opportunities for state legislation in assisting in implementation of the CIl Task
Force BMPs and recommendations include:

e Provide the state with a mechanism and the authority for collecting
detailed water use data in the private and public agency sectors for
the purpose of tracking the progress of statewide CII sector

water use and to implementation of the CIl BMPs and
recommendations of this report. This information can be
reported back to the legislature and used to assist DWR in
guantifying urban water use for the California Water Plan
Update.

e Provide support and state funding for the implementation of
recommendations in this report, including those water
conservation programs and recycled water projects with benefits
to the state and overcoming financial barriers toward expanded
use of recycled water.

e Improve statutory requirements where appropriate to overcome
barriers to potable and non-potable recycled water use in a
manner that is protective of public health and water quality.

e Promote updates to the plumbing code that encourage alternative

Some of the opportunities
for State legislation in
assisting implementation
of the CII Task Force
BMPs and other
recommendations include:
providing additional
funding to implement the
recommendations of this
report, providing authority
to collect water use data,
and improving statutory
requirements to overcome
barriers to recycled water.

water supplies and implementation of cost-effective BMPs.
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4.6 Next Steps

To help assure that the work of the CIl Task Force benefits the State of
California, CIl water users, water service providers, wastewater agencies, energy
utilities, climate action plans, the environment, CIl stakeholders, and others,
DWR and CUWCC should:

¢ Commit to ongoing support for CIl water conservation measures.

e Identify a mechanism to ensure that these critical issues are being
addressed going forward.

o Develop a mechanism for reporting on progress that could include:

o0 Periodic reports to the Legislature through DWR or other
designated entities.

o0 Inclusion of progress reports in CUWCC reports to the
SWRCB.

0 Inclusion of progress reports in urban water supplier
UWMPs.

e Ensure a process to address these issues is in place and is initiated by
the end of 2014.

17
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5.0 Water Use Metrics and Data
Collection

5.1 Preview

The purpose of this section is to provide a conceptual understanding and
approach to establish appropriate metrics for evaluating water use, efficiency,
and productivity in the Commercial, Institutional, and Industrial (CII) sectors.
The usefulness and feasibility of metrics are tied to the availability and reliability
of data. This section addresses the need for consistent and reliable water use data
collection, reporting, and monitoring.

The objectives identified for water use metrics and data collection include:

Metrics:

e Providing a framework for understanding water use metrics and their
applications

o Discussing who uses metrics and why
e Presenting criteria for selecting appropriate metrics
e Providing examples of metrics in use and potential new metrics

e Providing recommendations to improve the use of metrics that will
encourage water use efficiency and demonstrate the effectiveness of
BMP implementation
Data Collection and Reporting:

e Providing context perspectives to address Cll water use data
collection and reporting at the water service provider and state level.

e Providing recommendations to evaluate options for data collection
and reporting across end use, water service provider, subsector, state,
and sector levels.

A section outline is provided in Table 5.1.
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upon the recommendations
summarized in this section
for the development and
use of metrics to evaluate
water use and on an
approach to improve data
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California.
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Table 5.1 - Outline of Section 5

Section No. Section Title
5.1 Preview
5.2 Recommendations

5.2.1 Metrics Recommendations
5.2.2 Data Collection and Reporting Recommendations

5.3 Introduction
5.4 Overview
55 Water Use Metrics

5.5.1 Definition of Metrics
5.5.2 Metric Values, Benchmarks, and Targets
5.5.3 Calculation and Terminology of Metrics
5.5.4 Metadata
5.5.5 Definitional Noise and Confounding Factors
5.5.6 Metrics Contexts
5.5.7 Criteria for Selecting a Metric
5.5.8 Selecting Appropriate Metrics
5.6. Data Collection and Reporting
5.6.1 Introduction
5.6.2 Existing Water Data Collection by Water Service Providers
5.6.3 Existing Statewide Water Data Reporting to State and Federal
Agencies and Nongovernmental Organizations
5.6.4 Existing Data Reporting in the States
5.6.5 Potential for Improvement
5.6.6 Options for Further Study

5.7 ‘ References

5.2 Recommendations

The CII Task Force recommends the following steps toward the development and
use of metrics to evaluate CII water use, as well as an approach to improve data
collection and reporting in California. These recommendations are based on the
deliberations of the CllI Task Force and the Metrics Subcommittee and
information provided by support staff to the Task Force, as documented in this
section and associated appendices.

This section does not currently recommend any single metric for use in all Cll
sectors. Furthermore the CIl Task Force cautions against setting regulatory
minimum standards for water use efficiency metrics that would be applicable to
specific Cll establishments, sectors, or subsectors. Even within subsectors, it
would be difficult to set uniform standards across Cll establishments (defined as
individual CIl water user sites) because of the variability in the types of products
made or services provided and the many confounding factors in how water is
used.

20

October 21, 2013



Cll Task Force Best Management Practices Report to the Legislature, Volume Il

5.2.1 Metrics Recommendations

Recommendation 5-1: CII establishments should use metrics to improve and
track their water use efficiency over time. Where norms or ranges are available,
establishments should compare their metrics to those norms.

Recommendation 5-2: CII associations, water service providers, and the
CUWCC, among others, should provide tools, guidance, and training to their
constituents and customers on BMPs and the establishment and use of metrics in
benchmarking to demonstrate improved water use efficiency over time.

Recommendation 5-3: Organizations such as the U.S. Environmental
Protection Agency (through the WaterSense® program) or CUWCC should
develop software for voluntary and anonymous water use reporting and trending
using an approach similar to Energy Star’s™ Portfolio Manager. The data
developed from these reports can be used to develop norms for CII water use.

Recommendation 5-4: Manufacturers of equipment and products, ClI
associations, ClI establishments, water and wastewater service providers, and
the State should set efficiency standards for certain water use devices and
equipment similar to existing device standards for commercial pre-rinse spray
valves and clothes washers.

Recommendation 5-5: The CUWCC, water service providers, energy utilities,
and ClI associations should collect and compile data on market penetration levels
for installation of particular devices or practices for which industry or regulatory
water use efficiency standards exist.

Recommendation 5-6: DWR should continue to develop appropriate efficiency
or productivity metrics for use at the statewide level for Cll sector and subsector
water use in order to monitor overall progress toward improving water use
efficiency. These metrics would not be appropriate for setting standards,
comparing sectors, or determining acceptable levels of efficiency.

5.2.2 Data Collection and Reporting
Recommendations

Many issues have been identified in metrics data collection and reporting. Some
issues can be resolved at the local and state levels by end users, water service
providers, governmental agencies, and Cll associations to improve the methods
of data collection, recording, and reporting. Several options for resolving these
issues have substantial support by the Task Force. Nevertheless these options
have not been fully researched and representation of the CIl community on the
Task Force is limited. Thus, these options are described here with the
recommendation to move forward with a forum to address the options and
develop an implementation plan. More discussion of the options can be found in
Section 5.6.6.
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The Task Force found that there are limited centralized data available to
characterize water use in the ClI sectors. Moreover, the existing data are
inconsistently tracked at the local level. The following recommendations are
intended to improve data classification, collection, and reporting.

Recommendation 5-7: DWR should work with the Association of California
Water Agencies (ACWA), CUWCC, California Urban Water Agencies
(CUWA), California Public Utilities Commission (CPUC), California Water
Association (CWA), and American Water Works Association (AWWA) to
develop a full-spectrum, water-centric water use standardized classification
system of customer categories. This classification system should include
consistent use of North American Industry Classification System (NAICS)
codes and assessor’s parcel numbers (APNS).

Recommendation 5-8: DWR, in consultation with a stakeholder advisory
committee and through a public process, should develop a system and
implementation plan for standardized collection of water production, delivery,
and use data; for classification; and for reporting and tracking at the user, water
service provider, state, and federal levels. One or more of the following options
should be considered:

Option 5-8.1: DWR should develop a water-centric water use and user
classification system.

Option 5-8.2: Water service providers should classify water users using

a common classification system and update their customer databases to
incorporate this system.

Option 5-8.3: Water service providers should consider recording and
maintaining key data fields such as APNs for customers. This would
enable the linking of water usage data with information from other
sources for purposes of metrics, water demand analysis, and demand
projections.

Option 5-8.4: Water service providers and self-supplied water users
meeting defined criteria should be required to report water use to the
state.

Option 5-8.5: Water service providers, CUWCC, and water users
should focus their attention to large landscape irrigation sites to better
categorize and separately meter landscape water use and implement the
BMP of metering large landscape irrigation sites.
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5.3 Introduction

Proper accounting (inventory, tracking, and measurement) of water is necessary
to ensure that California’s economy, society, and environment have sufficient
water to meet their needs. It also is essential to comply with the laws governing
water allocation. An adequate supply of water is required in the CII sectors to
support a sustainable economy. Cooperation, coordination, and common goals
and perspectives must be shared among stakeholders to effectively plan, manage,
and use our water. Agreement on how and why we account for water is a
necessary first step to achieve that goal.

The most fundamental metric to plan and evaluate water use is total volume of
water used over time. Water service providers and state agencies often track
these volumes aggregated into several major sectors. While water use trends over
time are important, some measure of the efficiency and productivity of water use
can guide us to better utilize this limited resource. A common water-use metric,
gallons per capita per day (GPCD), is required by the CWC, Division 6, PART
2.55, for setting urban water use targets and measuring progress (compliance
measurements) towards meeting those targets. These targets incorporate water
use from all of the municipal and industrial sectors, including all of the ClI
sectors. The Water Code provides an exemption for process water use to ensure
that water reductions do not negatively impact the economy, regardless of
whether the process water is being used efficiently or not. The legislature’s
recommendation to develop BMPs is an important step toward increased water
use efficiency or productivity of the CII sector.

There are no generally accepted metrics for water use in the Cll sector. However,
it is widely acknowledged that GPCD might not be illustrative or informative
about trends within the CII sectors. This understanding is likely the basis for the
CWC requirement that this Cll Task Force report include “appropriate metrics
for evaluating commercial, industrial, and institutional water use.” (CWC
§10608.43.)

5.4 Overview

The intent to identify and develop appropriate water use metrics in this report, at
any level, is to provide a means to show whether actions at the customer level or
policies or laws at the water service provider or state level are effectively
improving water use efficiency or productivity in the Cll sectors or their
subsectors or components.

Acceptable terminology is needed to improve clarity on issues surrounding
metrics and their appropriate application. The lack of common definitions has
complicated the ability to compile and use data for research and planning. Shared
meaning of terms to accomplish this intent is essential. Many terms pertinent to
the understanding of use of data and metrics will be presented in this section. The
Water Code gives the following definitions specific to the CIlI sector.
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e “Commercial water user” means a water user that provides or
distributes a product or service.” (CWC §10608.12(d).)

e “Industrial water user” means “a water user that is primarily a
manufacturer or processor of materials as defined by the North
American Industry Classification System code sectors 31 to 33,
inclusive, or an entity that is a water user primarily engaged in
research and development.” (CWC §10608.12(h).)

o “Institutional water user” means “a water user dedicated to public
service. This type of user includes, among other users, higher
education institutions, schools, courts, churches, hospitals,
government facilities, and nonprofit research institutions.” (CWC
810608.12 (i))

These definitions provide the basic and necessary clarity on user types. However,
the specific NAICS code sector range designation for “industrial water user”
does not include all of the possible industrial uses of water. For example, the
following NAICS code sectors are excluded from this sector range: 1) Sector 21--
Mining, Quarrying, and Oil and Gas Extraction, and 2) Sector 22—Utilities. As
described later in this section, NAICS codes should be assigned to each water
user type in a comprehensive manner that includes all water-use sectors. The
Water Code states that the above definitions apply “unless the context otherwise
requires,” that is, the law allows flexibility to alter definitions where appropriate.

For the purposes of this report, generic definitions will be used without reference
to the NAICS codes designations. For example:

“Industrial water user” means a “water user that is primarily a manufacturer or
processor of materials.”

An appropriate metric for evaluating water use at any level must start with
consistent and feasible data collection. The lessons and techniques learned at the
water service provider level could provide models for what may be utilized at the
statewide level.

Many water service providers have robust billing systems based on water meter
measurements on a monthly or bimonthly basis. A common metric for such data
is volume of water per time as given by gallons per month per account. The
number of, type of, or size of accounts could be used to normalize or scale the
basic ratio metric of gallons per month (volume/time). While many progressive
water service providers have robust billing systems that employ detailed
customer classifications, they do not follow a statewide standard for ClI
definitions in classifying customers. Additional effort is needed to standardize
customer classifications across water service providers.
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5.5 Water Use Metrics

There is growing interest in developing appropriate water use metrics, as
demonstrated by a number of recent reports on the topic. For example, the
AWWA recently sponsored a guidance report on water conservation
measurements metrics (Dziegielewski and Kiefer, 2010), which provides much
of the foundation of this section.

5.5.1 Definition of Metrics

Within the context of water use, this report adopts the AWWA guidance report
definition of metric:

“Metric” means a unit of measure (or a parameter being measured) that
can be used to assess the rate of water use during a given period of time
and at a given level of data aggregation, such as system-wide, sector-
wide, customer, or end-use level. Another term for a metric is
“performance indicator.” (Dziegielewski and Kiefer, 2010).

A metric includes factors such as volume of water use and time and may include
other factors such as employment, quantities of manufactured output, or square
foot of land or building space.

Metrics often serve one of two basic functions for evaluating water use:

1. A metric that provides a basic quantity of water usage during a period of
time.

2. A metric containing a normalizing factor that may be an indicator of
efficiency or productivity of water.

The terms “water conservation,” “efficiency,” and “water use efficiency” are
often used when discussing water use metrics. These terms are defined in this
report as:

e “Water conservation” means a reduction in water loss, waste, or use.
o “Efficiency” means the ratio of output to input or vice versa.

o “Water use efficiency” means the relation of water-related tasks
accomplished with an amount of water, for example, the ratio of
input of water to output of a product.

The term “water use efficiency” does not correspond well to aggregate-level
metrics because aggregate metrics often reflect the influence of various other
determinants of water use, which are unrelated to efficiency-in-use
(Dziegielewski and Kiefer, 2010). Therefore, we also refer to productivity of
water in this report. However, trend metrics applied to aggregate sectors can
show improvements in water use efficiency over time.
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5.5.2 Metric Values, Benchmarks and Targets

During the CII Task Force deliberations, the subject of benchmarks and targets
received considerable attention. During those discussions there was a lack of
commonly understood definition of terms, especially the distinction between
“metrics” and “benchmarks” or “targets.” The following definitions, drawn or
adapted from the AWWA guidance report (Dziegielewski and Kiefer 2010), are
essential to gaining a shared understanding of the terms:

o “Metric value” means a numerical value, either (1) calculated from
the mathematical formula for any given metric or (2) assigned to a
given metric.

o “Benchmark” means (1) a particular (numerical) value of a metric
that denotes a specific level of performance or (2) a current value or
beginning (baseline) value of a metric.

o “Target” means a benchmark that indicates a state of achievement
expected at some time in the future.

These terms are often used interchangeably, but this can lead to confusion. It is
necessary to clarify the different connotations of the words. Targets and
benchmarks are not metrics or definitions of a metric; they are numerical values
assigned to or derived from metrics. Benchmarks and targets may be used to set
water use efficiency goals and measure progress over time. The Cll Task Force
encourages the use of benchmarks or targets to track progress in water use
efficiency or productivity on both the statewide and local levels.

When “benchmark” or “target” is used, its intended meaning must be defined,
i.e., as a baseline value, future expected value, or a performance value.
Benchmarks or targets are values of the water use metric to which the calculated
metric values are intended to be compared. A standard may take the form of a
target value of a metric, as 1.28 gallons for a flush of a new toilet. Metrics,
benchmarks, and targets can be defined in either absolute or relative terms
(Dziegielewski and Kiefer, 2010). For example, in the CWC, Division 6, Part
2.55, the Legislature set a relative water use target for water conservation goals
in the form of a percent, i.e., a statewide 20 percent reduction in average annual
per capita water use by the year 2020 referenced to a baseline benchmark. For
individual water service providers, the specific defined methodologies for
calculation of the baseline benchmarks and the 2020 targets constitute the
metadata associated with the metric, GPCD.

Similar examples of benchmarks are found at the federal level in connection with
Federal Executive Orders (EO) 13423 and 13514. EOs and federal regulations
require managers of Department of Defense facilities to achieve a 16 percent
reduction in federal institutional water use intensity by 2015. EO 13514
augments those requirements and stipulates that a 26 percent reduction in potable
water use be made by the year 2020 and a 20 percent overall reduction in
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industrial, landscape irrigation, and agricultural water uses be achieved by the
year 2020. The metric used is gallons of potable water per year per square foot of
gross building area. The baseline is the numeric value of the metric in 2007 and
the target is the numeric value of the metric in 2020 (U.S. DOE, 2008).

5.5.3 Calculation and Terminology of Metrics

We must develop clear models and a lexicon to demonstrate why a metric may be
appropriate in one application of its use and not in another. In the following
section, we offer basic concepts for a metric for application in water use. This
involves not only the mathematical models to use, but the attributes (i.e.
metadata) associated with a metric or its components.

Metrics can take many forms, from simple to complex. The components which
comprise many water use metrics are shown below. The simplest water use
metric, called the basic quotient, is calculated as follows:

Equation 5.1
Volume ( gallons>

Basic quotient = , e. g'Tay

Time

The basic quotient may stand alone to show trends in total water use. However,
to assess the efficiency or productivity of water use, we must apply a scaling
factor to the equation. The scaling factor, also called normalizing factor, can take
a variety of forms, e.g., general population (per capita), employees, economic
output or square feet of building area.

Equation 5.2
Scaling factor (SF) = various units

The most common use of the scaling factor is to relate (i.e., normalize or scale)
the basic quotient such that comparisons can be made relative to the scaling
factor chosen. The scaling factor becomes the denominator of a water-use
efficiency (WUE) or productivity metric equation as shown below:

Equation 5.3
Basi tient Volume gallons
asic quotient  “Time
WUE Metric = - 1 — _Time | e. .La.y
Scaling factor SF capita

With the use of the scaling factor shown above, the basic water use metric is
normalized and may become an even more meaningful water use indicator (i.e.,
metric). A normalized metric can allow comparisons of entities of different sizes
or scales or comparisons of a common entity that is changing in scale over time,
e.g., population. The reader is directed to Dziegielewski and Kiefer (2010) for a
more complete treatise on water use metrics.
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5.5.4 Metadata

In any application of a metric, it is necessary to specify or define all of the
attributes to ensure consistent data sources, calculation methods, and
identification of any limitations on the intended use or application of the metric.
It is useful to have terminology to easily describe the complex inter-relationships
of the various attributes or factors that have potential in affecting the use of a
metric.

“Metadata” is defined as data about data, and in this case metadata are the
essential information that is part of the definition of any metric and must be
maintained or stated with the value of the metric or its components (e.g.,
numerator, denominator, and scaling factor) to ensure the proper use or prevent
the misuse of the metric. The units of measure; the frequency of measurement;
the systematic coding for billing, management, and planning; and a multitude of
other related data may act as factors for or against the use of a metric for a
particular purpose (e.g., statewide). This multitude of factors or attributes that
could have an effect on whether a metric is appropriate can be termed water
metric “metadata.” Many discussions in both literature and Cll Task Force
deliberations revolved around the nuances of water use metadata and how it
affects the applicability (appropriateness) of any particular metric.

Examples of metadata include volume and the time-value for the basic quotient
water-use metric. An example of metadata is whether the volume is the amount
of water taken (purchased, pumped, or diverted) by a water service provider, or
delivered to a customer. If the scaling factor is population, how are employees,
visitors, or residents counted in the population? The nuances of metric metadata
are important and play a key role in discovering the limitations associated with a
particular water-use data set.

It may seem that metric measures at the statewide level or other aggregated levels
should be relatively easy to observe, measure, and track. However, these
measurements rely on properly collected and coded water-use activities at the
user and water service provider levels regardless of how the water is supplied
(e.g., public-supplied or self-supplied). The quality of data may be insufficient
for meaningful evaluations without a properly employed water-centric
classification system for each and every water user. The methods of data
collection and classification become part of the water-use metadata associated
with the metric to ensure adequate quality of a metric.

5.5.5 Definitional Noise and Confounding Factors

Common agents that interfere with meaningful metrics are definitional noise and
confounding factors:

“Definitional noise” means the inaccuracies in either the numerator or
denominator of a metric as a result of different, specific or general,
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definitions used for collecting data (adapted from Dziegielewski and
Kiefer, 2010).

“Confounding factor” means a factor affecting the numeric value of a
metric that is not related to the purpose of the metric (adapted from
Dziegielewski and Kiefer, 2010).

Definitional noise and confounding factors are “factors” (metadata) affecting
water use metrics and may complicate discussions on the subject.

Definitional Noise

An example of definitional noise is the lack of a standardized classification
system used by the water industry and water resources managers. The CIl sectors
referred to in this report are shown in Figure 5.1 along with other sectors
comprising the broader and general classification system in common use. The
classification of water users served by urban water service providers is primarily
linked to categories related to the rate structure for billing customers. The
breakdown of water users commonly includes residential, multifamily, ClI, large
landscape, and agricultural users. Due to agency-specific billing systems, the
water service providers do not share common definitions or coding standards
when assigning a customer to one of the sectors. For example, establishments
such as laundries may be classified as industrial rather than commercial.
Multifamily establishments may be classified as residential or commercial.
Depending on ownership or legal identity, large landscape customers may be
classified as commercial or institutional (e.g., commercial, such as a privately
owned golf course or institutional, such as a city park).

Urban
1
1 1 |
Residential cll Large
Landscape
I_I_I .
1 1 1
Single family Multifamily Commercial Institutional Industrial

Figure 5.1 - Water Use Sector Classification System Including Cll Sectors

Some water service providers maintain more detailed descriptions of customers
by including NAICS codes in their data base for their CIl customers. A common
contributing factor in definitional noise when NAICS codes are used is the failure
to distinguish between the primary economic activity of a business and the water-
use activities taking place at a particular location operated by that business. It is
useful to use the terms “establishment” and “enterprise” for this distinction:
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“Establishment” means a specific water use site (e.g., land parcel or
building) at which there may be one or more end-uses of water.

“Enterprise” means a legal entity operating as a business, government, or
other organization which may have one or more places of operation or
activity.

An enterprise may own or operate businesses at more than one location and each
location (“establishment*) may have different water use profiles (end-uses of
water). For example, an establishment may be a corporate headquarters of an
enterprise listed under NAICS as a silicon chip manufacturer, but the water-use
profile may be characteristic of an office building that requires a different NAICS
code for a water-centric purpose only. Thus, the main function for economic-
activity of an enterprise may be manufacturing, and the water-use profiles of the
manufacturing establishments may be very different from the corporate
headquarters, but the water service provider may be assigning the same NAICS
code to both.

Confounding Factors

Variations in climate and weather provide the best example for a confounding
factor affecting water use values for an appropriate metric. Variations in climate
at the regional level or the statewide level can significantly increase or decrease
on a long-term basis the amount of water used for specific end-uses such as
landscape irrigation, humidification, and cooling. Knowledge of climatic
differences is necessary when comparing and interpreting water data from
different regions. Weather differences from year to year confound interpretation
of data with regions. Pertinent weather normalization techniques serve to remove
weather as a confounding factor. There have been recent advancements in
methodologies to normalize weather-related affects on water use data. A recent
report titled GPCD Weather Normalization Methodology developed through the
CUWCC may be useful for testing compliance with the Water Code (Bamezai,
2011).

5.5.6 Metrics Contexts

Whether a metric is appropriate may depend on the context of its use. For
example, a metric that may be useful for a single establishment for monitoring its
own water use may also be useful for comparing one establishment to another if
the processes in both establishments are used to make comparable products. A
metric may fail to be useful for comparing one establishment to another due to
confounding factors, such as differences in services provided or goods
manufactured. Geographic and end-use-profiles are the most common contexts
for aggregation and comparison of water uses. An end-use profile is the
characterizations of water use by a single water user or group of water users in
terms of purpose and methods of water use. It is useful for planning and analysis
of water use to group water users having common end-use profiles.
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The most common geographic and end-use profiles are described below. After
the individual contexts perspectives are defined, they are grouped into five
composite contexts that are used for purposes of this report. These contexts
become part of the defined cases for each metric to clarify the intended use of the

metric.

Geographical Perspectives

1.

Process/application, the single end-use of water within a geographically
defined area such as a specific parcel of land or a specific portion or
“process train” of an establishment.

Establishment, the single or aggregated end-use(s) of water within that
area defined by the establishment, typically taken as the parcel on which
the establishment occupies but could vary.

Water service provider, the aggregated end-uses of water which typically
occur within a water service provider’s geographic boundaries including,
but not limited to, all establishments served by the water service
provider, water uses by the water service provider itself (e.g., water for
flushing pipelines and filters), water losses, and nonrevenue or other
water uses.

Region, the aggregated end-uses of water which occur within a defined
regional designation, such as regions defined for hydrology, water
quality control, and political (e.g., counties) purposes.

State, the aggregated end-uses of water occurring within the state as a
geographical unit (i.e., boundaries of the state).

National, the aggregated end-uses of water which occur within the
United States.

End-use Profiling Perspectives

1.
2.

Process/application, the end-use of the water within a single process.

Establishment profile, the combination of end-uses characteristic of an
establishment, including all the processes or applications of water.

Shared subsector profiles, common water use profile shared by
establishments within one of the commercial, institutional, or industrial
sectors.

Shared cross-sector profiles, a common water use profile shared by
establishments within all CIl sectors.

Subsector, an aggregation of enterprises that have a common business
activity, but may not share water use profiles due to diversity within the
subsector, such as oil refining.

Sector, an aggregation of enterprises that share activities within the
broad definitions of commercial, institutional, or industrial water users.
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Composite Perspectives (contexts)

The CII Task Force distilled geographical and end-use profiling perspectives of
metric application shown above into the following five composite perspectives.
For convenience of reference in this report, these composite perspectives are

called “contexts.” The relationships of the perspectives are shown in Figure 5.2.

-
Metric Context
Perspectives
L
, End-Use
[ Geographical } [ Profiling }
. | |
Composite Context Perspectives ]
I
-
B " Broad
Specific . . Specific Cl
Process Establishment Water Supplier Subsector Aggregated
Sectors
-

Figure 5.2 - Metric Context Perspectives

1. Specific process or application of water use within a Cll establishment,
such as cooling towers or vegetable washing. A subset of this level
would be specific efficiency standards for designated technologies, such
as toilets or laundries for which efficiency standards have been
established. Note: Standards and codes are addressed in Section 8.

2. Establishment water use tracked by water service providers at the meter
or service connection, provided that water deliveries are metered or
otherwise measured, perhaps tracked by self-supplied water
establishments.

3. Water service provider deliveries including retail and wholesale water
agencies, usually tracked at the sector level, but may be tracked at the
subsector level in various degrees of disaggregation.

4. Specific ClI subsector, such as petroleum refining, commercial
laundries, or hospitals, at regional or statewide levels.

5. Broad aggregated CII sectors at regional or statewide levels.

These contexts were identified because metrics have been applied or proposed
for these contexts or because there is an apparent need for metrics to monitor
changes or improvements in water use efficiency or productivity within these
contexts.

5.5.7 Criteria for Selecting a Metric
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There are many complex factors that affect whether a particular metric is
appropriate in a given situation. A metric should not be dismissed because it is
ineffective for a familiar situation. A systematic approach is needed to evaluate a
metric. The approach developed by the Task Force involves methodically
evaluating metrics using consistent defined criteria. Criteria were established to
evaluate the advantages and limitations associated with the application of
particular water-use metrics. These criteria are described in detail in Appendix
D.1. The following steps are used to apply the criteria:

1. Define the metric, its components, intended purpose, intended
perspective or context, and intended application.

2. Determine the technical merits and effectiveness of the metric as a water-
use efficiency or productivity performance indicator for the specific
purpose.

3. ldentify the specific data needed to calculate the metric, the necessary
parameters associated with the data, and the potential sources of data to
implement the metric.

4. Identify the definitional noise and confounding factors associated with
the metric and sources of data.

5. Make a judgment based on the available information including, but not
limited to, the enumeration of advantages and limitations associated with
the application of the metric, and the recommended conditions and
caveats to prevent erroneous conclusions or misuse of the metric.

5.5.8 Selecting Appropriate Metrics

Many water-use metrics are in use, as shown in Appendices D.2 and D.3. Most
have very narrow intended uses. Elsewhere in this report, metrics are proposed
for application to specific BMPs or technologies. Examples of metrics used as
standards are described in Section 5.5.2 of this Volume. Water supply planners
and policy-makers may use water-use metrics to make broad assessments of how
trends in efficiency may affect future water demands, or look at the effectiveness
of water use efficiency and management programs. Metrics for this purpose may
involve large groupings of water users into sectors or subsectors that may share
common business activities or water use characteristics. As noted at the
beginning of this section, a goal was to identify metrics that might be more useful
than GPCD for ClI sectors. This turned out to be a challenging exercise.
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For large aggregations of CIl water users into sectors or subsectors, commonly
suggested metrics to evaluate water use efficiency are:

e GPCD

o Gallons per employee per day or year

o Gallons per square foot of building area per day

o Gallons per day per dollar of economic value added.
There were insufficient resources and time to conduct a thorough analysis of
these and other metrics to determine the appropriateness of these metrics in
evaluating water use efficiency in the CIl sectors and subsectors. However, a
limited analysis was conducted for three cases, using the criteria described above

and in more detail in Appendix D.4. The case analyses are fully presented in
Appendix D.4 and summarized below:

Metrics Case 5.1: Office Buildings without Cooling Towers

Metric: gallons per square feet per day of total building area (gal/ft*/day).

Gallons per square feet per day (gal/ft’) may be used as an indicator of water use
efficiency or productivity for Cll buildings without cooling towers. Data from
Sydney Water are given as an example in Table D.2 in Appendix D.4. Specific
building area and water use data are required to calculate this metric. Because
building area data is not widely available to water service providers or water
resource planners and managers in California, this metric is difficult to calculate
at this time. Availability of building area data from municipal building
departments, county assessor offices, or other sources may make this metric a
feasible and useful indicator in the near future.

Metrics Case 5.2: All Commercial and Institutional Establishments,
Statewide

Metric: gallons per day per capita (gal/day/capita, GPCD)

The evaluation of this case metric relies on the assumption that commercial
activities in the State primarily serve the residents of the State. Therefore, a
normalization of water use by general population and trended over time may
produce an indicator of water use efficiency or productivity. The lack of
consistent and reliable water use data from self-supplied establishments in
California, coupled with other confounding factors, prevent using GPCD at the
Cll sector level. No recommendation is given at this time to use this metric.

Metrics Case 5.3: All Industrial Establishments, Statewide

Metric: Volume (gallons) of water used per unit of value (dollars) added to the
California economy per year (gal/$)
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The value added to the California economy is the difference between the costs of
inputs of production and the market value of the outputs for establishments
within the state of California. The evaluation of this case metric was limited to
the statewide industrial sector, excluding any commercial and institutional sector
establishments. Using value added to the state economy in dollars as a scaling
factor may be useful to the water resources planner and manager as an indicator
to show increases in technological efficiency or other changes in water use over
time. Due to the data and interpretation requirements, this metric would likely be
determined by DWR. This metric should be used along with other water use
metrics to maintain a portfolio of tools necessary to assess increases in water use
efficiency or productivity at the statewide level. No specific recommendations
are made in regards to this metric.

Case Example by Others

Water use metrics were analyzed by the United Nations Division for Sustainable
Development using a similar approach to the cases above. An example for cubic
meters of water volume per value added in dollars is shown in Appendix D.5.

5.6 Data Collection and Reporting
5.6.1 Introduction

Water resources management is reliant upon data regarding how much water is
used, the purposes for which it is used, where it is used, and how efficiently it is
used. The data are used for:

e Planning and designing water supply facilities

e Developing programs to use water more effectively and reduce waste
e Managing water to reduce environmental impact

o Developing funding sources to manage water supply and quality

o Developing policies, regulations, and laws to govern the wise use of
water

The data are used by water users to estimate their water needs or reduce
unnecessary expenditure on water by water service providers at all levels of
government to plan and manage water. Economists use the data to correlate use
and availability of water to economic sustainability. Nongovernmental
organizations use the data to provide assistance in managing water.

Most studies on water use have cited the problems in available data due to the
lack of data on all water use in the state, to the inconsistent definition of water
user classification between water service providers, and to the lack of sufficient
granularity of water use customer classification by water service providers to be
able to analyze the data properly (note, for example DWR (2010)).
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The following describes the data currently collected on water in California,
including problems in these data, the data collected in other selected states to
illustrate what kind of reporting is feasible, potential for improvement and
recommendations for further study and action.

5.6.2 Existing Water Data Collection by Water Service
Providers

Most water service providers collect data from each customer to provide
adequate water service, collect revenue, meet state laws, and comply with local
ordinances. Customers may be classified by code to include general sectors as
shown in Figure 5.1, major customer types such as wholesale or retail, and more
specific codes exist for special billing or customer management purposes. As
discussed in Section 5.3 of this Volume, there is a need to not only know how
much water is delivered to each water user, but also how the water is used
through classification by water use profiles, sectors, and subsectors.

A comprehensive analysis was not conducted to determine prevailing data
collection practices by water service providers. However, East Bay Municipal
Utility District (EBMUD) provided information to the Task Force to provide
valuable insight into its classification of water customers. The table provided in
Appendix D.6 shows that EBMUD has 91 business classification codes assigned
to customers to characterize water use in its district. The table also shows how
the categories are combined into aggregated water sectors similar to those shown
in Figure 5.1.

Urban water service providers do not use consistent definitions of water use
sectors when aggregating data for reporting to the state, based on a review of
water use data that are reported to DWR and CUWCC.

5.6.3 Existing Statewide Water Data Reporting to
State, Federal and Nongovernmental
Organizations

The principal organizations collecting fresh water use data in the state are:

e Department of Water Resources (DWR)

Department of Public Health (CDPH)

e State Water Resources Control Board (SWRCB)

e  Public Utilities Commission (CPUC)

e California Urban Water Conservation Council (CUWCC)

o At the federal level, water supply and use data are collected and
reported by the U.S. Geological Survey (USGS) and the US Bureau
of Reclamation (USBR)
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While statutory and regulatory requirements for reporting water use or diversions
for storage and use exist, these requirements leave significant gaps that either are
unreported or are not reported in sufficient granularity for adequate analysis.

Department of Water Resources (DWR)

There are two primary reporting mechanisms for DWR to collect data on water
use: the Public Water System Statistics Survey and Urban Water Management
Plans. Periodically, DWR conducts specialized surveys for water use in specific
sectors.

Public Water System Statistics Survey (PWSS). The DWR has conducted the
PWSS, in its present form, since 1987 to gather water production and use data.
This is an annual voluntary survey. Data from individual respondents is kept
confidential. To illustrate the scope of the survey, in 2010 DWR sent about 1,000
PWSS forms to urban water agencies of all sizes, both public and investor-
owned. Approximately 800 water agencies responded. The data collected
includes, but is not limited to, the number of connections, the amount of water
into the system, and the amount of metered or estimated deliveries by month.
Customer classifications are:

e Single family residential

e  Multi-family residential

e Commercial/institutional

e Industrial

e Landscape irrigation (large landscape sites)

e Agricultural irrigation

e Other

Some of the issues associated with the PWSS are:

e The survey is voluntary, leaving gaps in data collected.
e Self-supplied water use is not included.

e Some regions are poorly represented.

e There is no category for system losses.

e There are many errors (e.g., wrong or missing units, incorrect data,
and misinterpretation of water use categories).

e Multi-family data may be included in the commercial classification.

e Large landscape customers may be included in commercial or
institutional categories.

e Nurseries may be classified in landscape or agricultural irrigation.
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¢ Commercial and institutional sectors (categories) are combined.

e Population estimates are unreliable due to lack of standard
methodology.

e There is no subdivision of commercial and industrial sectors into any
subsectors.

e Population and number of accounts are the only correlating factors,
which are not tailored for CllI use.

Urban Water Management Plans (UWMPSs). Urban water management plans
are required for “urban water service providers” (over 3,000 connections or 3,000
AF/year) to be submitted every five years. There are about 450 water service
providers. As a result of the Water Code, UWMPs must now include 2020 per
capita water use targets using a prescribed methodology for calculating baseline
water use, past and future population, and the targets.

Water service providers are required to report past, current, and projected water
use. Data is requested to be broken down by the following water use sectors, but
they are not required to provide the breakdown or to use the requested standard
reporting forms:

e Single-family residential

e  Multifamily

e Commercial

e Industrial

e Institutional and governmental

e Landscape

e Sales to other agencies

e Saline water intrusion barriers, groundwater recharge, or conjunctive
use, or any combination thereof

e Agricultural

The number of accounts and amount of water used for each sector are requested
on the data submittal forms. Population estimation is based on prescribed criteria
and should be reliable except for seasonal or tourist populations served.

Some of the issues associated with data reported by the water service providers in
the UWMPs are:

e There is no breakdown of Commercial and Industrial use into
subsectors.

e Population and number of accounts are the only correlating factors,
which are not tailored for CIl water use.
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e Governmentally-owned large landscape may be included in
Governmental rather than Landscape. Other large landscape may be
included in Commercial.

e Multi-family data may be included in the Commercial classification.
e The data are available only in five-year intervals.
e There is no category for system losses.

e Self-supplied use is not included.

California Urban Water Conservation Council (CUWCCQC)

CUWCC is a voluntary membership organization consisting of urban water
service providers, consulting firms, and other organizations and individuals. The
primary purpose of CUWCC is to promote water conservation BMP
implementation. Water service providers signing the memorandum of
understanding of the CUWCC agree to implement specified BMPs. Membership
includes about 225 wholesale and retail water agencies covering about 75 percent
of total urban water supply. At the retail supply level, about 65 percent of total
urban water supply is represented.

Urban water agencies commit to report the following information to the CUWCC
for each year (submitted biannually):
e Population
o Water deliveries and number of accounts for the following sectors:
o0 Single-family
Multi-family
Commercial
Industrial
Institutional
Dedicated irrigation
Recycled water
Unaccounted for [system losses or meter discrepancies]
Other

© O o 0O o o o o

The issues and limitations described above for DWR’s PWSS are generally
applicable to the information submitted by members to CUWCC’s reporting
system.

e Population estimates can be unreliable.

e Multi-family water use may be included in commercial.
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e Large landscape water use may be included in commercial or
institutional.

e Unaccounted for water estimates are often suspicious (for example,
reported as zero).

e There is no breakdown of commercial and industrial use into
subsectors.

e Population and number of accounts are the only correlating factors,
which are not tailored for ClIl water use.

e Self-supplied use is not included.

California Department of Public Health (CDPH)

CDPH regulates “public water systems” that have at least 15 service connections
or at least 25 people served at least 60 days per year. As of 2006, there were
7,745 public water systems.

A subset of public water systems is another category defined by CDPH,
“community water systems.” These are public water systems that serve at least
15 service connections used by year-long residents or regularly serve at least 25
year-long residents. As of 2009, there were 3,116 community water systems, of
which 839 had over 500 connections.

CDPH collects data through the Public Water System Annual Report, which is a
component of the Drinking Water Program (DWP). The report focuses on the
following critical areas of the DWP: emergency contacts, drought and
conservation, and water consumption. The information collected is used by
CDPH and other state and community organizations to assess and plan water
strategies for the future. The data collection is through an Electronic Annual
Reporting System by California's public water systems. More information can be
obtained from http://drinc.ca.gov/.

Information is collected by the CDPH for its annual reporting and is associated
with water use. Public water system service connections are type coded as:

e Agricultural

o Commercial

e Industrial

e Power Production

e Residential

e Combined
No definitions for the above type codes are given by the CDPH. By providing

data in the combined category, a water service provider does not need to provide
any data for the named sectors.
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The number of service connections is collected in accordance with the type of
service connection shown above with a meter type designation (e.g., metered,
unmetered). Population served is an estimated count of populations served by
type (e.g., residential, transient) during the specified annual operating period. The
CDPH does not prescribe a methodology for estimating population served.

The data collection of CDPH shares most of the same issues described above for
DWR’s PWSS.

California Public Utilities Commission (CPUC)

CPUC regulates investor-owned water agencies. The data reported to CPUC has
not been investigated.

State Water Resources Control Board (SWRCB)

The SWRCB regulates wastewater discharges and water rights. The primary
water supply data that must be reported to SWRCB are connected with surface
water rights and diversions from surface water. Thus, the data are collected from
water service providers or individual water users with their own water rights.

The SWRCB also has issues and limitations in data collection:

e The data reported are not directly correlated with service areas of
water service providers or deliveries of water to water users.

o Data on deliveries by water service providers to water users are not
reported.

e For water agencies with multiple water rights and sources of water
not requiring water rights, such as groundwater or purchases from
other agencies, the data submitted for each water right would not
represent a complete accounting of water deliveries.

U.S. Geological Survey

The U.S. Geological Survey (USGS) plays a key role at the national level in
water-use data acquisition, management, and dissemination. It deploys high-end
information technology products to enhance data storage and access methods
against natural resources datasets. Its partners include various local, state,
national, and international agencies.

The U.S. Geological Survey's National Water-Use Information Program is
responsible for compiling and disseminating the nation's water-use data. The
USGS works in cooperation with local, state, and federal environmental agencies
to collect water-use information. USGS compiles these data to produce water-use
information aggregated at the county, state, and national levels. Every five years,
data at the county level are compiled into a national water-use data system and
state-level data are published in a national report, the most recent of which is
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Estimated Use of Water in the United States in 2005, Circular 1344. This report
contains data on water withdrawals, surface, and groundwater use, and deliveries
and corresponding populations broken down by state. The sources of data include
state agencies and surveys by USGS. The following use categories are reported:

e Public supply

o Domestic freshwater

e Irrigation freshwater

e Livestock freshwater

e Agriculture freshwater

e Industrial fresh and saline water

e Mining fresh and saline water

e Thermoelectric power fresh and saline water

Public supply (urban water) is not disaggregated into sectors.

U.S. Bureau of Reclamation

The U.S. Bureau of Reclamation (USBR) has several area, field, and specialized
offices throughout California as part of its Mid-Pacific Region office. In general,
the USBR conducts many water related activities and produces data sets and
related documents. The USBR operates, maintains, and coordinates many
activities related to water supply, flood control, and power generation with other
agencies. The classification systems and geospatial and relational data sets
available through USBR were not investigated for this report but should be
considered if an effort is made to develop a unifying water-use categorization
system as recommended in this section. Information about USBR related data
sets and other information can be found on the USBR “Programs, Activities and
Related Database” at http://www.usbr.gov/mp/programs.html

5.6.4 Existing Data Reporting in Other States

A comprehensive survey was not conducted on water data reporting requirements
or practices in other states. However, the reporting requirements for Kansas,
Illinois, and Texas are indicative of feasible reporting requirements.

Kansas

Kansas requires water appropriation permits for all use of surface water or
ground water. All water right holders must report annually to the state. Water use
data are collected and published by the Division of Water Resources’ water
appropriation program. Each year, about 14,000 water use report forms for
32,500 active water rights are mailed to water right holders for the 14 classified
beneficial uses of water. See Kansas Fact Sheet--Water Use Data Collection and
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Use, Kansas Department of Agriculture, www.ksda.gov, for additional
information (Kansas DOA 2009).

Illinois

The State of Illinois, through its Illinois Water Inventory Program (IWIP),
collects water data throughout the state. The program began in 1978. Annual
submission of the Illinois Water Inventory form is mandatory according to Public
Act 096-0222. It is designed to collect data in three major categories: water
withdrawal, water use, and water returns. For each water-using facility
inventoried, the database includes locations and amounts of water withdrawn
from surface water and groundwater sources, as well as significant amounts of
water purchased from other facilities. Public water supplies, self-supplied ClI,
irrigation, fish and wildlife, and conservation uses are inventoried. Data can be
summarized geographically by county, township, and drainage basin, as well as
by various water use and water source categories for inclusion in publications of
the USGS National Water Use Program. The amount of water used by
commercial and industrial facilities is kept confidential unless the facility grants
a specific release of the data. Commercial-industrial data are published only in
combination with township or regional totals. For additional information on the
Illinois program go to http://www.isws.illinois.edu/gws/iwip/.

Texas

The Texas Water Development Board (TWDB), through the powers vested in it
through the Texas state legislature, requires all recipients of the TWDB’s Survey
of Ground and Surface Water Use (Survey) to submit a complete survey or face
possible civil and other penalties (see Texas Water Code (TWC) Section
16.012(m)). Theoretically, the TWDB has the authority, as given in TWC, to
send a survey to any individual establishment or organization with a few
exceptions for entities using windmills for domestic and livestock water supply.
In implementation, the survey covers nearly all community public water systems,
non-community systems with use deemed significant in its region, and industrial
facilities that either use greater than 10 million gallons per year of water, pump
groundwater, or whose water use is deemed significant in its region or industry
category. Texas does not survey self-supplied residential establishments using
groundwater wells as a rule, but does make a water-use estimate of self-supplied
domestic and commercial water users for statewide water resources planning and
management. Much of the state is covered by approximately 100 groundwater
conservation districts, most being single-county districts, that issue groundwater
use permits. To what degree each of these districts actually manages groundwater
in their area varies greatly and was not investigated for this report. Even though
the state does not issue groundwater permits and groundwater conservation
districts may issue groundwater permits, the state does use the Survey to gather
groundwater use data from end-users as a method to quantify groundwater
withdrawals (pumping) throughout the state of Texas. An example of the
statewide reported water-use categories is given in Appendix D.7 and includes
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the following categories: municipal, manufacturing, mining, steam electric,
irrigation, and livestock.

5.6.5 Potential for Improvement

Many limitations have been described in current data collection, categorization,
and reporting in California. These limitations hinder the ability to quantify ClI
and other water use or to have sufficient details for an adequate understanding of
how water is used. All water users and managers would benefit from improved
data collection and reporting. A discussion of potential improvements is provided
below.

Water Use and User Classification

Current technology increasingly allows water service providers to easily store
data on each water customer, including characteristics of end-uses of water and
classification codes related to the water end-use profile of a water user. Water
service providers are already classifying their customers for billing purposes. It
appears that many have a very limited number of customer categories, the
categories may not be indicative of water use characteristics, and the categories
are inconsistently defined. There are water and wastewater service providers,
however, that have detailed classification systems. For example, East Bay
Municipal Utility District (EBMUD) uses a Business Classification Code system
with 88 codes assigned to commercial, institutional, industrial, and agricultural
customers (see Appendix D.6) The County Sanitation Districts of Los Angeles
County uses the Standard Industrial Classification (SIC) system to code
approximately 2,600 commercial, institutional, and commercial wastewater
dischargers. Once water users are classified, the maintenance of the customer
classifications is minimal. A customer classification should be reevaluated upon
site ownership or land use change.

There is need for a full-spectrum water-centric classification system. Stewardship
at all levels will be enhanced when such a system is used in conjunction with the
primary data sets used to track economic activity, land ownership, land use
planning, and water, air and land quality records. The classification system
should be water-centric by being indicative of end-uses of water or similar
profiles of end-uses of water. For example, certain business categories, such as
motels, have several types of end-uses on site but share similar profiles of end-
uses.

Classification systems are often limited in the scope of the uses to meet the
immediate needs of an entity. An urban water service provider may not have
codes for uses it does not serve, such as mining or agriculture. A full-spectrum
system incorporating or allowing for all potential water uses consistently defined
would better facilitate the aggregation of data for water-use efficiency metrics
and other purposes.
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In summary, a ‘water-centric” classification system is a coding system
specifically designed to characterize water uses and users and may involve the
adaptation of other coding systems, such as NAICS, which was designed for
tracking economic activity. In this context “full-spectrum” means a
comprehensive classification system that encompasses the full array of water
uses and users, not just urban or CII uses, such that the system will have utility
across different water planning or management functions at various levels of
government and water service providers.

NAICS, the successor to SIC, is a very detailed coding system for governmental,
institutional, and business entities. The system was designed for tracking
economic activity; however, it is possible to apply it in a water-centric way to be
indicative of water use. For example, an electronics manufacturing firm may
generally be classified as such, including an office headquarters where no
manufacturing takes place. A water-centric use of NAICS would be to apply the
NAICS code for office buildings to the water meter serving the headquarters.

This report includes the applicable NAICS codes wherever possible for the CllI
water users under discussion due to the prevalence of NAICS codes in current
use. NAICS is a two- through six-digit hierarchical classification system, offering
five levels of detail. Each digit in the code is part of a series of progressively
narrower categories, and the more digits in the code signify greater classification
detail. The first two digits designate the economic sector, the third digit
designates the subsector, the fourth digit designates the industry group, the fifth
digit designates the NAICS industry, and the sixth digit designates the national
industry. The five-digit NAICS code is the level at which there is comparability
in code and definitions for most of the NAICS sectors across the three countries
participating in NAICS (the United States, Canada, and Mexico). The six-digit
level allows for the United States, Canada, and Mexico each to have country-
specific detail. A complete and valid NAICS code contains six digits. The use of
this system by water service providers would provide better consistency of
classifications and ability to aggregate users in a consistent fashion. This would
greatly improve the quality of data reported either voluntarily or mandatorily to
other regional or state agencies for planning or regulatory purposes or the quality
of data gathered by researchers.

Because of the comprehensive inclusion of all business and many governmental
functions, NAICS comes closest to being a full-spectrum system. However, as
an economic activity tracking system, it was not designed to be water centric.
USGS has laid some groundwork in the water centric direction by assigning each
four-digit industry code in the 1987 SIC manual to a water-use category. In some
cases, a code may be listed under more than one water-use category. The SIC
codes can be useful to USGS for assigning water withdrawals to the public-
supply, industrial, mining, and thermoelectric-power categories used by USGS
for its national water use reporting. A list of SIC codes by water-use category is
shown at http://pubs.usgs.gov/tm/2005/tm4A4/.
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The Water Research Foundation has research under way with a project titled
“Methodology for Determining Baseline Commercial, Institutional and Industrial
End Uses of Water - 4375.” The objective is to develop and test a methodology
to collect standardized data to determine CIl end uses of water. This
methodology could be used by water service providers of various sizes to collect
Cll end use data for demand forecasting, rate design studies, benchmarking, and
conservation program planning. This project will focus on methodology for
determining values, not actual end use values for the CII category. The project
has a tentative start date of March 1, 2012 and may likely take two to three years
to complete. One California water service provider, East Bay Municipal Utility
District, is participating in the project. For more information on this research, go
to http://www.waterrf.org and search “4375”.

It is possible to apply more than one classification system to water uses or users
to serve multiple purposes, such as billing or water use characterization. A
comprehensive water-centric classification system need not replace a separate
classification that a water service provider may need for purposes of setting water
rate structures and billing purposes. Better understanding of water use
characteristics by customer class from using a water-centric classification system
may make it possible to devise more appropriate water rate structures. A water-
centric use of NAICS to classify customers by water use would not prevent a
water service provider from also tracking customers with a separate business
purpose classification using NAICS.

The potential burden on water service providers to identify and store a detailed
water use classification system has raised concerns. These concerns should be
studied further and include a survey of current water service provider practices
by customer classification and overall adaptability of the water service provider
databases to store this information. Consideration can also be given to exempt
small water service providers from a detailed classification system. Nevertheless,
there is still the need for water service providers of all sizes to use consistent
definitions of sectors.

Disaggregated Data Recordkeeping

The most common sector categories in use are:

o Single-family residential

e Multi-family residential

e Commercial

e [Institutional

e Industrial

e Large landscape

e Agricultural

e Unmetered or unaccounted-for water
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Some major uses may be incorporated into the above, or classified separately,
such as with mining or thermoelectric power generation. As described earlier,
state agencies or other organizations often collect data classified by these sectors
with poor or no definitions of them. Further disaggregated breakdown of water
use would be beneficial to develop metrics for subsectors with common uses or
to allow targeted funding or assistance programs where they could be of greatest
benefit for improving water use efficiency and demand management. As
described above, EBMUD has 91 categories to classify its customers, 88
primarily for the Cll sector and 3 to capture residential and other customers.
Creating a comprehensive water use classification system and applying it to each
customer would yield benefits at the local and state levels.

Integration with Other Data Sources

We have the ability to fully integrate large datasets for land, air, and water use at
the individual parcel level through primary record sets such as the public domain
real-property parcel records collected and maintained by counties. Facilitating
access to these other datasets could make certain metrics more feasible.

As discussed in Section 5.5 Water Use Metrics, some useful metrics use square
feet of land area or building area, number of employees, or residents. Some of
these data are maintained by county assessors or planning departments,
wastewater agencies, the US Bureau of the Census, or others. The data may be
accessed or shared more easily if water supply customers are identified by APNs.
With modern database systems, it is often easy to store data associated with
customer data. Once APNs are entered into a database, it is seldom necessary to
change them. There are commercial services that track changes in APNs and
ownership, as with parcel splits, and provide ongoing alerts to clients. Some
service providers already track APNSs, such as the County Sanitation Districts of
Los Angeles County.

The use of remote sensing of land use is improving the potential ability to
identify irrigated land area. When combined with APNSs, such data could improve
the ability to segregate irrigation water use (as estimated from land area) from
other sectors (residential and CII). It could allow correlation of actual metered
water use at sites using dedicated landscape meters with land area to provide
better estimation of total irrigation water use under different climatic and weather
conditions.

Florida provides an example of non-water datasets that can be useful for water
use metrics. Florida’s Department of Revenue (FDOR) maintains a database of
legal, physical, and economic property-based information for each of the 8.8
million parcels of land in the State of Florida. Of this total number, 326,000 are
Cll parcels (215,000 commercial, 69,000 industrial, and 42,000 institutional).
This database is audited and updated annually and is publicly available free of
charge from the FDOR file transfer protocol website (ftp:/sdrftp03.dor.state.fl.us/).
FDOR partitions parcels, on the basis of their land use, into 100 subsectors using
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two-digit FDOR codes. These codes are standardized across the state, providing
consistent definitions of terms. The parcel information in this database is
provided annually to FDOR for a statewide land use database.

Self-Supplied Reporting

Estimation of self-supplied water use in California, based on infrequent surveys
which only sample portions of the ClI sector, is proving insufficient to determine
current and future groundwater use and demand. Developing a more robust
reporting program would help determine self-supplied water use in California
and assist with future planning and policy-making at the state level.

Much data about CII water use by individual establishments is already in the
public domain. The long-term trend has been toward greater mandatory reporting
of water extraction and use. While water diverted from surface waters, based on
appropriative water rights, has been reported to the State Water Resources
Control Board for many years, reporting of riparian diversions has only recently
been mandated. Groundwater extraction reporting is currently required in basins
that are adjudicated or under authority of a local groundwater agency authorized
to require reporting, but is not required in other basins. The law recently
established a mandate to report groundwater levels but not groundwater
extractions.

It is instructive to look at what other states do. The states of Kansas and Illinois
require reporting to the state of all water use, either by self-supplied water users
or by water service providers. In Illinois, for example, the locations and amounts
of water withdrawn from surface water and groundwater sources, as well as
significant amounts of water purchased from other facilities, are inventoried
every year for a variety of water-using facilities, including commercial and
industrial facilities. The amount of water used by commercial and industrial
facilities is kept confidential unless the facility grants a specific release of the
data. Commercial-industrial data are published only in combination with
township or regional totals.

Landscape Irrigation Tracking

Irrigation water use constitutes about half of the urban water use in California. A
very useful and relevant metric for landscape irrigation water use is gallons per
day per square foot of irrigated area. If the water applied to irrigated landscape
were separately measured and reported, the efficiency of water use in this major
water end-use could be monitored. As was discussed earlier, water deliveries to
irrigated residential landscape are commonly combined with indoor residential
use. CllI landscape irrigation is usually combined with other end-uses unless
water service providers have installed separate meters for landscape water use.
Certain users with large landscape use are inconsistently assigned to sectors, such
as golf courses variously assigned to commercial, institutional, or large landscape
sectors. While the Water Code requires installation of separate landscape water
meters for certain sized landscapes, the requirement is not applied retroactively to
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all large landscapes that existed before the law was in effect. The Memorandum
of Understanding for the CUWCC requires signatories to work with customers
with large landscapes to reduce their water use; it does not establish any targets
for installing separate meters for existing customers.

Segregating out large landscape water use from ClI sectors into a separate large
landscape sector would allow better quantification of landscape water use and
better use of water rate structures to enforce efficient water use, and would
clarify and make more consistent the meaning of CIl water use data. Following
this option would still leave residential landscape water use combined with
indoor water use.

5.6.6 Options for Further Study

The following are options identified for further study or action to improve data
collection and reporting. These options can be studied separately or in
combination to improve current methods.

Option 1: DWR should develop a water use and user classification system. The
system should comprehensively address all sectors of water use, not just ClI
water users. The system should be designed for all water use establishments to be
classified using a full-spectrum water-centric coding system integrated with
national, state, regional, and local goals and objectives for water resources
planning and management. The classification system should include common
definitions for water use sectors for consistent aggregation of data. Consideration
should be given to using a commonly accepted coding system, such as NAICS,
as a basis for definitions.

Option 2: Water service providers should classify water users using a common
water-centric classification system and transition their customer databases to
incorporate this classification system. Water service providers should classify
their customers with sufficient disaggregation to allow consistent and accurate
characterization of water use or water use profiles of establishments and to allow
compilation of water use by various subsectors to prioritize and focus programs
to assist ClI businesses to improve their water use.

Option 3: Water service providers should consider recording and maintaining
key data fields for customers/establishments in such a manner that water use data
can be correlated with data from other sources for purposes of metrics and water
demand analysis and demand projections, e.g., assessor’s parcel numbers.

Option 4: Water service providers and self-supplied water users meeting certain
criteria should be required to report water use to a state repository (e.g., DWR)
using standardized reporting forms, definitions, and sector breakdowns.

Option 5: Water service providers should separately meter large landscape

irrigation sites, even where this is not currently required by law. The CUWCC
should be encouraged to make this a foundational best management practice for
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its signatories. CII water users should be encouraged to install submeters at any
location with significant on-site irrigation when significant other end-uses of
water are also occurring at establishment sites. Large landscape irrigation uses
should be subclassified according to the use context, namely residential,
commercial, institutional, or industrial, for improved ability to analyze water use
data.
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6.0 Technical, Financial Feasibility and
Potential Water Use Efficiency
Improvements for Best Management
Practices and Audits

Technical and financial feasibility are two key criteria used in making investment
decisions, whether by ClI entities or water service providers. The Legislature
recognized this and called upon the CIl Task Force Report to include
“[i]dentification of technical feasibility and cost of the best management
practices to achieve more efficient water use statewide in the commercial,
industrial, and institutional sectors that is consistent with the public interest and
reflects past investments in water use efficiency” (CWC Section 10608.43(e)).
The general framework for these two criteria is presented in this section.
Analytical procedures for conducting cost analyses are provided for use when
making a decision to implement any particular BMP.

The Legislature also called upon the CII Task Force to develop “an assessment of
the potential statewide water use efficiency improvement in the commercial,
industrial, and institutional sectors that would result from implementation of
these best management practices” (CWC Section 10608.43). A statewide
assessment was challenging, as described in this section, but examples of water
savings accomplished in specific applications are presented in this section along
with an estimation approach based on penetration rate for a BMP.

Finally, water audits have been found to be effective in assisting managers of ClI
entities to identify areas of inefficient water use within facilities and appropriate
BMPs to reduce water use. A discussion of audits concludes this section.

This section begins with Cll Task Force recommendations related to this section.

6.1 Recommendations

The CII Task Force has the following recommendations based on the background
information provided in this section.

Recommendation 6-1: ClI entities should perform water audits to identify
opportunities for implementation of BMPs.

Recommendation 6-2: Following audits CllI entities should evaluate the
technical and financial feasibility of BMPs to determine whether to implement
BMPs.

Recommendation 6-3: Water and energy service providers should incorporate

water audits into their efficiency programs, consider financial incentives for
BMP implementation, and provide other technical assistance as appropriate.
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Recommendation 6-4: Organizations representing business and industry, water
service providers, the CUWCC and DWR should educate CIl water users or
entities on the BMPs and approaches to doing audits and performing a cost-
effectiveness analysis.

Change to a waterless
process

Recommendation 6-5: All new water users should consider
implementing the recommended BMPs at the time of installation or
construction. There are many examples
of replacing water using
equipment with equipment

that does not use water.

Recommendation 6-6: When replacing equipment CII business should
evaluate the equipment and the maintenance and operational practices
needed to achieve an industry standard of water use efficiency for the new

equipment being purchased.

6.2 Technical Feasibility of Implementing the
BMPs

All BMPs described in this document are technically feasible and have been used
in the past. However, this does not mean that each BMP is applicable in all cases.
In developing the BMPs in this document three guiding principles were deemed

to be important:

1.

One size does not fit all — For any given ClI sector,
subsector, or entity, there may be a dozen potential BMPs.
Not all will be applicable. In many cases establishing one
BMP could mean that another will not be applicable because
they will “be saving the same water.”

The legislation stated that
the final report should
contain “identification of
technical feasibility and
cost-effectiveness of the
best management practices

2. Every facility is unique - Analysis of potential payback is . O
unique to each facility and situation. Facilities, even in the o achieve more ?ﬁ'?'ent
same CII sector, vary in their process, equipment selection, water use'sta'FeW|de _|n the
and design. This means that what may work at one vegetable f:on?me'rual, |nd|_Jstr|aI"and
processing plant may not be applicable at another; what works institutional sectlon_..._
in one research laboratory or hotel may not be applicable in Be_cause each use §|te IS
another. unique, cost-effectiveness

and the feasibility of using

3. The BMPs in this document should be used only as a guide BMPs must be determined

- The intent of this report is to provide a compendium of
BMPs that are possible measures that a Cll entity can adopt
for their specific situation.
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6.3 Cost Analyses

SB X7-7 calls for the Cll Task Force to address “cost of the best management
practices to achieve more efficient water use statewide in the commercial,
industrial, and institutional sectors that is consistent with the public interest and
reflects past investments in water use efficiency.” This can be addressed in three
dimensions. The first is the stand-alone costs of implementing the BMPs. To the
extent that data are available, these costs are presented in the discussion of the
BMPs in Section 7.0. The second is the cost-effectiveness analysis of
implementing BMPs from the perspective of the water user or water service
provider. The third is the economic analysis of implementing BMPs from the
perspective of regional or state public policy makers to address the public
interest. The latter two dimensions involve computational methodologies that
provide the basis for deciding whether to implement BMPs. The computational
methodologies will be presented and followed by discussion of analysis
approaches depending on perspective.

Because each use site is unique, the costs of the BMPs and the cost-effectiveness
and the feasibility of using BMPs must be determined on a case by case basis.
While all of the BMPs in this document are technically feasible and are cost-
effective in certain situations, the appropriateness of using any one BMP must be
assessed for each site. The CIl water user will need to conduct a site audit to
determine which BMP(s) would be technically feasible for them. This would be
followed by a cost/benefit analysis to determine if implementing the BMP(s)
would be cost-effective. Organizations representing business and industry, water
service providers, the CUWCC and DWR should educate CIl businesses on the
BMPs and approaches to doing audits and performing a cost-effectiveness
analysis.

6.3.1 Computational Methodologies

Conducting cost analyses for determining whether or not to implement BMPs
involves some basic methodologies. In general, the methodologies allow
comparison of benefits to the short- and long-term costs of implementing a BMP.

Benefits can take various forms:

1. Avoided costs from purchasing less water or from delaying
development of alternative water supplies.

2. Added productivity from a more reliable water supply or environmental
benefits from reduced water withdrawals.

The common computational methodologies are described below.
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6.3.1.1 Calculating the Unit Cost of Water

For many types of cost analyses, it is helpful to compare costs based on unit
costs, that is, the dollars per unit volume of water. When evaluating the benefits
of water savings, the cost of heating water for certain purposes and the cost of
wastewater disposal may also be important. Calculations can become
complicated because water, wastewater, and energy are measured in various
units, so conversion factors must be on hand. A few useful conversion factors are
given in Table 6.1. These conversions will be helpful to follow the example
calculations that follow.

Table 6.1 - Water and Energy Conversion Factors

Unit of Measure Equivalent Measure
Water

1 CCF 100 cubic feet

1 cubic foot 7.48 gallons

1 million gallons (MG) 3.07 acre-feet

1 gallon (gal) 8.341b
Energy

The energy required to raise the

1 British thermal unit (BTU) temperature of 1 pound of water by 1°F

1 therm 100,000 BTU
1 CCF natural gas or propane 100 cubic feet
1 MCF natural gas or propane 1,000 cubic feet
1 cubic foot natural gas Approximately 1,000 BTU
1 cubic foot gaseous propane 2,516 BTU
1 gallon liquid propane 91,500 BTU
1 kWh 3412 BTU
EXAMPLE 1

Question — If a business used 52 CCF of water in a month on average and the
amount paid for water for a year was $4,682, what is the unit cost of water per
gallon?

Answer -
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Step 1: Calculate the annual water use in gallons:

(52 CCF/month) x (100 ft/CCF) x (7.48 gal/ft’) x (12
months/year)

= 466,752 gal

Step 2: Calculate the unit cost:
($4,682/year)/(466,752 gallyear) = $0.010/gal

If water is heated before use and is discharged as a wastewater after use, the costs
of heating and wastewater disposal should be considered when evaluating the
benefits of water savings using BMPs. The cost of water softening or other
treatment should also be included in calculations. For heated water, determine the
type of energy used to heat the water (gas, electric, solar, or other) and its cost
per unit (cents per kilowatt hour, dollars per therm, dollars per MCF of natural
gas, etc.). For typical domestic water use, assume water is heated from 55°F to
120°F. High temperature use in a commercial dishwasher in Southern California
typically requires a temperature rise from 125°F to 180°F. There are energy
inefficiencies in devices using electricity or fuel, which need to be accounted for
when calculating costs. For simplification, and because of the variability of
device efficiencies, the example calculations below are based on the theoretical
energy needed assuming 100 percent efficiency. For your specific calculations,
you would use the actual stated efficiency of your device instead of the assumed
efficiency.

A propane cost of $2.00 per gallon is equivalent to natural gas costing $22.00 per
MCF.

EXAMPLE 2

Question — If natural gas costs $0.80 per therm, what is the unit cost per gallon
of raising the water’s temperature by 55°F?

Answer — ($0.80/therm) x (1 therm/100,000 BTU) x(1 BTU/Ib-°F) x (55°F) %
(8.34 Ib/gal) x 1.0 (assumed efficiency)

= $0.00367/gal

EXAMPLE 3

Question — If water costs $3.50 per CCF, wastewater treatment and discharge
costs $4.00 per CCF, and the water is heated with electricity that costs ten cents
per kilowatt hour, what is the unit cost per gallon of heating the water by 55°F?
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Answer —

Step 1: Calculate the unit cost of water supply:
($3.50/CCF) % (1 CCF/100 ft3) x (1 ft3/7.48 gal)
= $0.00468/gal

Step 2: Calculate the unit cost of wastewater management:
($4.00/CCF) % (1 CCF/100 ft3) x (1 ft3/7.48 gal)
= $0.00535/gal

Step 3: Calculate the unit cost for heating water:

(1 BTU/Ib water-°F) x (55°F) X (8.34 Ib/gal) x(1 kWh/3412
BTU) x ($0.10/kWh) x 1.0 (assumed efficiency)

= $0.01344/gal

Step 4: Calculate total unit cost:
$0.00468/gal + $0.00535/gal + $0.01344/gal = $0.0235/gal

6.3.1.2 Payback Period

The payback period is the time required for an investment to pay for itself in
terms of accumulated benefits, such as profits or reduced costs. If the annual
benefits are uniform from year to year, the payback is calculated by dividing the
total costs (including installation, capital, permitting, and equipment costs) by the
annual benefits, giving a simple payback in terms of years, as shown in Equation
6.1.

Equation 6.1

Payback Period in years = (Initial investment)/(Annual benefits)

If benefits are not uniform, then cumulative annual benefits from the time of the
investment are calculated for each year until the accumulated total benefits equal
the initial investment.

While the payback method is relatively easy to calculate, it does not account for
the life of the device or the time value of money. For example, Device A may
have an incremental capital cost of $100, annual water and energy savings of
$50, and a lifetime of three years. Device B, in comparison, may have the same
incremental capital cost and annual water and energy savings, but have a lifetime
of 20 years. Thus, while both devices have a simple payback of two years,
Device B will provide benefits for 17 years beyond that of Device A.
Additionally, the payback does not account for the rate of interest that an investor
must pay (or forgo) when making the initial investment.
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6.3.1.3 Return on Investment (ROI)

The return on investment (ROI) has various definitions in use. For this report it is
defined as the percent of payback the BMP produces per year. For a uniform
annual investment, this is equivalent to the inverse of the payback period. ROl is
usually expressed in percent per year. In the case of a one-year payback, the ROI
is 100 percent. If the payback is in 1.6 years as shown in the example below, the
ROI equal to (100%/1.6) or 62.5 percent a year.

If energy, chemicals, labor, and other savings or costs are involved, they must be

included in the annual benefit.

EXAMPLE 4

In a school gymnasium shower facility heated with natural gas,
showerheads are being replaced from a 2.5 gallon per minute device
to a 2.0 gallon per minute device. Using the assumptions in Table
6.2, what are the total expenditure savings, payback period, and

ROI?

Table 6.2 - Assumptions for Example 4

Parameter Assumed Value
Number of showerheads 5

Gym usage 180 days/year
Average shower frequency 4 times/day
Average shower time 8 minutes
Cold water temperature 60°F

Shower water temperature 100°F
Showe_rhead replacement cost $25

including labour

Water cost $3.50/CCF
Wastewater charge $4.00/CCF
Natural gas cost $8.50/MCF
Water heater energy efficiency 0.75

Step 1: Calculate annual water use with old showerheads:

(5 showerheads) x (180 days/year) x
(4 showers/day/showerhead) x (8 min/shower) x (2.5 gal/min)

= 72,000 gal/year
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Calculate annual water use with new showerheads:

(5 showerheads) x (180 days/year) x
(4 showers/day/showerhead) x (8 min/shower) x (2.0 gal/min)

= 57,600 gal/year

Calculate annual water saved by showerhead replacement:
72,000 gal/year — 57,600 gal/year = 14,400 gal/year

Calculate avoided energy use due to showerhead replacement:

(14,400 gal/year) x (8.34 Ib/gal) % (100°F - 60°F) x
(1 BTU/Ib-°F)

= 4,804,000 BTU/year
Calculate reduced natural gas use due to showerhead
replacement:

(4,800,000 BTU/year) x (1 ft3/1,000 BTU) x
(1 MCF/1000 ft%)/0.75

= 6.405 MCF/year

Calculate saved energy costs:
(6.405 MCF/year) x ($8.50/MCF) = $54.45/year

Convert water and wastewater unit costs to cost per gallon:

($3.50/CCF + $4.00/CCF) x (1 CCF/100 ft*) x
(1 ft%/7.48 gal)

= $0.01003/gal

Calculate saved water and wastewater costs:

(14,400 gallyear) x ($0.01003/gal) = $144.43/year

Calculate total annual expenditure savings due to showerhead
replacement:

$54.45/year + $144.43/year = $198.88/year

Step 10: Calculate initial BMP (showerhead replacement) investment:

($25/showerhead) x (5 showerheads) = $125.00

Step 11: Calculate payback period:

($125)/($198.88/year) = 0.63 year
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Step 12: Calculate ROI:
1/(0.63 year) = 1.59 or 159%

6.3.1.4 Internal Rate of Return (IRR)

The internal rate of return, or IRR, provides an indication of the efficiency or
profitability of an investment. It is defined as the effective annual interest rate at
which an investment accrues income. Based on an assumed investment and
expected cash flow, the internal rate of return is the equivalent interest rate at
which an investment would yield identical net profits. The IRR can be compared
to the interest rate on borrowed funds or the rate of return possible from other
investments. If IRR is higher than the company’s or agency's cost of capital,
expected rate of return, or discount rate, then the investment is deemed to be
worthwhile.’.

The IRR is the rate at which the net present value of the initial investment and
subsequent cash flows is zero. Solving for this rate may be a trial and error
computational process. While the IRR is useful for determining whether a single
project is worth investing in, it cannot be used to compare mutually exclusive
projects. The IRR can only be used under certain conditions. With a complex
series of cash flows that change signs more than once, there is more than one
mathematically feasible solution. In other words, the information from an IRR is
not always meaningful.

6.3.1.5 Net Present Value Analysis

A business may also want to analyze the costs and benefits over the economic
life of the device, particularly for large investments that may have longer
payback periods. This analysis may be appropriate if the time for return on
investments does not justify making the improvements in the short term and there
is a long-term investment involved. A lifecycle analysis will take into
consideration the costs and savings over the full life of the BMP being installed.
In this type of analysis the business would consider the time value of money,
savings through the life of the equipment, and the increasing costs of water,
energy, or sewage disposal over the life of the equipment. This analysis may also
include labor, tax, and insurance savings.

The net present value (NPV) is among the most common financial metric used in
capital budgeting. It is based on the concept of present value, which is the
conversion of future cash transactions into equivalent values in the present taking
into consideration the time value of money. NPV is the sum of the present values
of all costs and benefits over a time period and reports their value at the
beginning of the project. For devices or facilities having a useful life, the time

% Note that the model calculates the IRR based on the undiscounted net cash flows.
Therefore the resulting rate of return should be compared to the agency’s undiscounted
rate of return.
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period should be the lifetime of the facilities, that is, the life cycle of the
facilities. The NPV analysis has advantages over payback period and ROI
methods in that is takes into consideration the time value of money, the useful
life of the item being purchased or built, the sometimes complex variations in
annual costs and benefits over time, and residual effects at the end of the useful
life, such as disposal costs for a device. NPV is more useful for long-term
investments.

The general formula for calculating present value is:
Equation 6.2

PV =CJ/(1+i)
where PV = present value

C¢ = cash flow in period t (income has positive value, outgoing has negative
value)

t= number of time period following the present, e.g., years

i = interest rate per time period expressed as a decimal fraction, e.g., 0.07
for 7 percent per annum

The NPV is the summation of the present values of each cash flow during the
period of analysis. The usual time reference point for present value analyses is
the point of initial investment or start of a program, designated as time zero.

For a water conservation action, the costs include initial start-up or investment
costs plus those needed to operate the conservation program, such as the cost of
the rebate and program administration. While the costs typically accrue only
during the duration of the conservation program, the benefits accrue over the life
of the device. A positive NPV indicates that the benefits of the project exceed the
costs over the life of the device. This approach has not been as commonly used
by business as the ROI or payback approach, but may become more applicable in
the future.

6.3.2 Financial and Economic Analyses

Aside from technical feasibility, financial feasibility is probably the most
prominent test of whether implementing a BMP makes business sense. Financial
analyses are often viewed from different perspectives, including those of the
utility and the customer. The focus of a financial analysis is on cash flow with the
goal of remaining at least financially whole if not achieving greater monetary
benefits than costs from implementing a BMP. In water resources economics,
financial analyses are distinguished from economic analyses, which are viewed
from the perspective of the community or society as a whole. An economic
analysis looks beyond the perspective of any particular entity and incorporates
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benefits and costs that may not be realized when doing an analysis from the
perspective of a single customer or water service provider. In simplified terms, a
financial analysis addresses the question, can a project (such as a BMP) be
implemented? An economic analysis addresses the broader question, should a
project be implemented? (Mills and Asano, 1986/87)(Full citation for references:
Mills, R. A., and T. Asano (1986/87), “The Economic Benefits of Using
Reclaimed Water,” J. Freshwater, 10: 14-15.)

The perspective and type of analysis determine which costs and benefits to
include in the analysis. The water service provider and customer/business
perform analyses based on costs and benefits to themselves. The societal
perspective is based on costs and benefits to the water service provider and its
customers and may also include external costs and benefits, such as recreational
benefits to downstream communities created by leaving more water in streams
and rivers or the avoided costs of alternative water supplies. This section focuses
on the customer/business perspective. However, if a BMP is found to be
economically justified from the societal perspective looking at all benefits and
costs, regardless of who pays or receives the benefits, the goal of decision-
makers is to develop the financial incentives, such as rebates, that will make a
BMP financially attractive to the customer. The complexities of an economic
analysis from the perspective of the community or society, including identifying
who are the beneficiaries and who have the burden of paying the costs, is an
important topic of water conservation but beyond the focus of this report.

The varying degrees of complexity, size, type of water use, technical needs, and
inherent barriers to analyzing BMP costs for industrial equipment, processes, and
plants, make a one-size-fits-all statewide assessment of costs to implement BMPs
impossible. Therefore, this report outlines an approach that businesses may use to
evaluate the costs and benefits of a particular BMP.

6.3.2.1 Overall Cost-Effectiveness Approach

To determine whether a BMP is cost-effective, the customer will need to assess
the financial costs and benefits of implementing the BMP. This section describes
an analysis looking at the true cost of water to a business or industry, examining
the costs of implementing the BMP, and focusing on the balance of costs to
benefits to reduce associated water costs. The true cost of water considers all
costs to the customer associated with its use and disposal as it flows through the
system.

A sample of applicable costs, benefits, and factors typically included in a
financial analysis includes:
o Capital costs of installing the BMP (if it includes equipment)

e Changes in operation and maintenance costs including changes in water,
wastewater, energy, waste disposal, pre-treatment, chemical, and labor
costs
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o Expected usable life of the measure
o Reduced risk factors

In addition, all rebates, tax liabilities (or benefits), and other related incentives
and costs must be taken into account.

A variety of financial metrics can be used to determine whether a particular BMP
makes economic sense. No single metric is perfect; rather each has strengths and
weaknesses, and some combination of these indicators can be useful for financial
planning. The basic goal is to determine if benefits to a specific industry or
business outweigh the costs. Several methodologies are described in Section
6.3.1. The payback period, ROI, and IRR methods provide guidance on a short
time scale, helping to determine if a proposed modification is worth the
investment. Longer-term analyses look not only at the costs and benefit, but also
at lifecycle factors such inflation and useful life, and the net present value
approach is more useful.

Many firms set a simple payback criterion of two years to four years or less
unless the life of the device is shorter. If a firm’s business plan defines three to
four year paybacks as cost effective, the return on investment is 25-33 percent on
investment. If a business using a more efficient device does not own the building
or the equipment, some issues with the economics of payback become more
challenging.

As another example of calculating the cost-effectiveness using the near-term
methodologies, replacing a 3.5-gallon per flush toilet with a 1.28-gallon per flush
toilet saves 2.22 gallons per flush. Assume the combined water and sewer cost
for that toilet is $6.50 per CCF, or $8.69 per thousand gallons, or 0.869 cents per
gallon. Therefore, this saves 1.93 cents per flush. If the toilet is flushed an
average of 35 times per day and the building is open 255 days a year, installing
the 1.28 gallons per flush toilet will save $172.18 in water and sewer costs each
year. If the total installed cost of the toilet (toilet and labor) is $275.00, the
payback is 1.6 years ($275 / $172.18). The return on investment is the percent of
payback the BMP produces per year. In this example, the ROl is 62.5 percent per
year (100/ 1.6).

6.3.2.2 Factors Affecting Cost Considerations

There are long-term trends that should be considered when evaluating a BMP.
Some can be quantified on a cost basis to incorporate into the cost analysis
directly and others are nonmonetary benefits or factors that must be weighed
along with the cost analysis.

Increased Water Rates

Water shortages and development of costly water supplies will result in increased
water rates. Implementing water use efficiency measures will reduce the demand
on the local water supply and the need to develop costly future water supplies,
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which may reduce the long-term costs of water to the business. Large water users
are likely to feel the greatest impacts of increased water rates. Predicting water
rates is not an exact science since water agencies have many factors influencing
rates, such as supply, conservation pricing, operational costs, capital costs, bonds,
and employee salaries and benefits. In addition, water is priced differently
throughout the state because water sources, infrastructure, and reliability vary.
However, water and garbage rates are increasing on a percentage basis faster than
all other utilities, and therefore, decreasing water demand will have a greater
effect over time. The National Utility Service, Inc. (NUS Consulting Group)
annual survey shows that between 2004 and 2008 water and wastewater costs

nationwide increased by an average of 6.5 percent a year, far more than
consumer price index inflation.

Figure 6.1 shows that national water and wastewater rates are increasing faster
than the consumer price index and other utility rates. Water and wastewater rates
have risen faster than fuel prices over the same period, according to information
from the U.S. Department of Commerce. A number of factors are driving this
trend, including limitations on the availability of conventional fresh water
resources, needed investment in aging water and wastewater infrastructure,
increases in water quality and compliance costs, and climate impacts. Water
users may want to occasionally reassess the cost effectiveness of implementing
BMPs as water and sewer rates and other cost increases.

63

October 21, 2013



Cll Task Force Best Management Practices Report to the Legislature, Volume Il

October 21, 2013

Figure 6.1 - Consumer Price Index for Utilities

These increases should be factored into the lifetime cost analyses. To take these
increased water costs into account, the net present value method is the best
approach. In this situation, the cost of the retrofit will remain the same, but the
actual savings will include expected increases in water and wastewater costs over
the anticipated useful life of the BMP. Where energy, chemical, labor, tax,
insurance, and other savings are costs are involved, they would also have to be
included. With many measures, the costs are incurred in year one while the
benefits accrue in subsequent years. For this reason, the discount rate is used.
Rising water and wastewater rates would be taken into account as escalation
factors.

Replacement of Qutdated Equipment

As improved technology becomes available, Cll entities may decide to upgrade
their water-using equipment, fixtures, and machines as a cost-effective measure
when they reach the end of their useful life. Older equipment by design will
typically use more water, energy, chemical, and wastewater than newly designed
equipment. As a good business practice, the CIl business should evaluate the
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equipment and the maintenance and operational practices needed to achieve an
industry standard of water use efficiency for the new equipment being purchased.

Geographical Variability

Water, wastewater, and energy costs are continually increasing, have significant
variations across the State (Figure 6.2), and are increasingly becoming a larger
component of a business’ bottom line. How water is used at a specific location,
variations in plant design for similar types of facilities, and past conservation
efforts all further affect the cost-effectiveness calculations for any given BMP.
As shown in Figure 6.2, rates also vary significantly from one utility to another in
California, meaning that a BMP that may be cost-effective in one area may not

be in another.
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Figure 6.2 - 2011 Combined Commercial Water and Sewer Rates
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Consideration of Risk Factors by Businesses

When making a business decision, an economic analysis forms the primary basis
for making decisions. However, when considering whether to make an
investment in water use efficiency, a business may also want to look at other
factors that are not as simple to quantify. Businesses may consider the external
risks on the business that would be associated with taking no action. These risks
may include reduced reliability, potential for future mandates, costs, and
reputational risks or benefits. Assessment of these risks will require close
communication and cooperation between the business community and its local
water service provider. While it is possible to quantify the risk, doing so would
require complex analysis and modeling which may require excessive effort to
complete.

¢ Reliability of Water Supply - A business may want to consider the
reliability of the local water supply in the region or community, the
possible impacts of disruptions in the water supply, or a lack of
adequate supply would have on the operations and the long term
profitability of the company. This assessment would be based on the
conditions of the local utility supplying water.

e Reputational Risks and Benefits - A business with a large presence
in a community generally strives to maintain a positive reputation
and good relations with the rest of the community. In communities
experiencing water shortages, particularly where users are subject to
restrictions, the ability for businesses to demonstrate efficient water
use will help maintain a positive reputation in the community In
addition, many businesses have been proactive in being good
environmental stewards to better market their company. Companies
that have taken this approach can include water use efficiency as a
priority in demonstrating their environmental stewardship.

6.4 Potential Water Savings by
Implementation of the BMPs

Many CllI entities in California are already practicing up-to-date water efficiency
techniques. Others have a real opportunity to further reduce water use
economically. The selection and implementation of these BMPs is determined by
the economics and design of individual facilities. The issue of statewide
assessment of potential water use efficiency is addressed first, then examples of
water use savings from BMP implementation are presented.
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6.4.1 Potential Statewide Water Use Efficiency
Improvement

A number of factors are involved in assessing the potential statewide water use
efficiency improvement in the ClI sectors that would result from BMP
implementation:

e Savings potential from application of an individual BMP.

e Existing penetration levels of a BMP, that is, the degree of current use of
a BMP.

e The penetration potential of a BMP, the maximum potential applications
of a BMP where it would be cost-effective.

e The total water use in particular CIl sectors or subsectors or in particular
common ClI processes where a BMP would be used, to assess water use
efficiency improvement.

As has been emphasized in Section 5.0, Water Use Metrics and Data Collection,
the State does not currently have the data necessary to establish baseline water
use in each CllI sector or subsector. Because of the variability of process designs
and the number of potential applications of particular BMPs (penetration
potential), the Cll Task Force could not estimate the potential water savings
statewide for most BMPs. One of the major objectives of section 5.0 is to suggest
the use of metrics and better data collection to begin making statewide
assessments of ClI water use efficiency improvements over time and to provide
comparative data that ClI entities can use to assess their efficiencies relative to
other similar entities. In most cases, the information needed to estimate statewide
savings must await the development of the baselines and metrics recommended
in this report.

6.4.2 Examples of Potential Water Savings from BMPs

Demonstrating water savings that have actually occurred from implementing
BMPs has been an easier task where data have been collected or maintained by
water service providers or individual ClI entities. Two examples of statewide
achievement illustrate what such analysis has to offer. The first statewide
example is the California Department of Corrections and Rehabilitation (CDCR),
which is described in Section 7.1.6, Prisons and Correctional Facilities of this
report. CDCR has already realized a 21 percent reduction totaling over 2.4 billion
gallons of water annually (7,365 acre-feet annually). The second example is
found in the Section 9.0, Public Infrastructure Needs for Recycled Water. Based
on a statewide survey of 2009 recycled water use, almost 670,000 acre feet (af)
(218 billion gallons) of water are being recycled annually, of which 224,700 AF
of recycled water were used directly in CII applications.
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Numerous examples to illustrate potential water savings are described in Section
7.0 on BMPs and in case studies in Appendix C. The reader is urged to read these
examples and case studies to assess how BMPs might benefit a particular ClI
entity.

The BMPs may involve a range of implementation approaches from maintenance
adjustments and equipment replacement to alternative water supply use. Five
such approaches are illustrated below.

1. Adjustment of equipment and repair of leaks
Adjustments and repairs can be made to existing equipment and
processes so that they operate more efficiently. For example, in Section
7.3.6 General Building Sanitation, an example is given of the Park 55
Wyndham Hotel in downtown San Francisco. Its toilet retrofit resulted in
a more water savings than expected based on "engineering" estimates
because leaks and faulty equipment were also fixed. In another example,
Eagle Food in Sun Valley, California audited its facility and
implemented the following measures:

e Restrict water flow at hose stands — Eagle Foods installed flow
control valves to reduce water flow from 7.5 gallons per minute
(gpm) to 3.5 gpm.

e Use water brooms instead of hoses to wash down for sanitary
purposes.

o Install hose bib connectors to reduce leakage at water tanks.

e Replace cracked hoses as needed to reduce leakage.

The first two measures are examples of modifying or installing more
efficient equipment, and the last two measures reduced leaks. The
combination of measures resulted in savings of nearly 7,264 gallons per
day (see Eagle Foods case study in Appendix C).

2. Modification of equipment or installation of water saving devices
and controls
Devices, automated systems, or equipment can be added to existing
water using equipment and processes. For example, the Los Angeles
County, Department of Parks and Recreation installed weather based
controllers, rain sensors, and a monitoring system at its El Cariso Park &
Golf Course and Veterans Park. This resulted in a 27 percent reduction in
water use equivalent to 198 AF (64.5 million gallons) a year.

Artistic Plating and Metal Finishing, Inc. of Anaheim, California
installed electrode-less conductivity controllers on nine tanks on the
plating line. This reduced water use by 49 percent and also reduced
chemical costs by 20 percent. The total cost for these improvements was
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$14,500, however, because it saves $13,800 per year, the payback is only
13 months.

3. Replacement with more efficient equipment
Replacing older inefficient water-using equipment and fixtures with
water saving types of equipment is one of the most recognized ways to
reduce water use. For example, in the General Building Sanitation
section of this report, an estimate of total potential statewide water
savings that could result from the replacement of existing ClI toilets with
high-efficiency toilets was made in 2005. That analysis estimated the
water savings potential as being between 26,000 and 38,000 acre-feet per
year (AFY). Another 3,000 to 5,000 AFY could be saved through
legislation, codes, and standards applied to new construction. In a similar
manner, installing a clean in place (CIP) system in a food processing
plant can cut the water use by half for washing pipes and vessels.

4. Alternative water supplies and internal recycling
There are many examples of using treated municipal wastewater in
California showing the potential for using this non-potable water source,
as described in Section 9.0. Examples of other alternative supplies range
from the low impact stormwater management options being used in San
Diego County, California to rainwater harvesting and air conditioning
condensate recovery throughout the United States. The food processing
industry also has many examples of reusing effluent for crop irrigation.
Recycling of water in cooling towers is also common reuse of water.

5. Change to waterless process
There are many examples of BMPs where water using equipment is
replaced with equipment that does not use water. From section 7.3.3
Thermodynamic Processes in this report, using air cooling and ground
effect (geothermal) air conditioning systems eliminates cooling tower
water use entirely. In conventional cooling towers, approximately 2.5
gallons of water are used per ton-hour of cooling. A large office building
with a cooling tower can require 20,000 to 30,000 gallons of water per
day during the hottest part of the summer.

The use of dry vacuum pumps in laboratories and medical facilities
offers another waterless process example. In recent years, most major
radiology departments in hospitals have converted to digital imaging
because of its superior medical diagnostic capabilities, eliminating water
used by large plate X-ray film development. This can save as much as
500,000 gallons of water per year per film developer.
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6.4.3 Calculation of Water Saving Potentials

There are some BMPs that have easily quantifiable water savings at the end use.
If it is also possible to quantify the number of actual and potential applications of
a BMP either within a particular water use sector or statewide, that is, the
penetration rates, then it may be possible to estimate the potential water savings
resulting from implementing a BMP within a water use sector or statewide. The
Pacific Institute (2003) provided the following method to estimate the Percentage
Water Conservation Potential (S):

Equation 6.3
S =100[(1-p)c]/(1-pc)

Where p is the current Penetration Rate of the BMP; and c is the ratio of
conservation potential or Technical Ssavings that can be achieved with each
application of the BMP.

Using the water saving for toilets as an example to illustrate the above formula,
suppose a small community has 50 toilets total with ten toilets at 1.6 gallons per
flush and 40 toilets at 3.5 gallons per flush. Also suppose that the lower flush rate
(1.6 gallons) meets the best management practice. The Technical Savings, c, is
calculated as (3.5-1.6)/3.5 = 0.543, and the Penetration Rate, p, is calculated as
10/50 = 0.20. We can thus calculate the Percentage Water Conservation
Potential:

Equation 6.4
S =100[(1 - 0.20) x 0.543]/(1 — 0.20 x 0.543) = 48.7%

After obtaining S, we can calculate the Annual Water Saving of the community
by multiplying S by the Current Annual Water Use. Assuming the Current
Annual Water Use is 0.5 million gallons (MG), the Annual Water Saving
Potential = 0.5 MG x 48.7% = 0.2435 MG or 243,500 gallons per year.

Applying Equation 6.3 to a BMP, in order to calculate the Percent Water
Conservation Potential, S, and the Annual Water Saving Potential in 2010
statewide in ClI sectors, we need the current Penetration Rate, p, and Technical
Potential, c, as well as the current water use in each NAICS sector. For most
BMPs there are insufficient data to make statewide estimates of savings.
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6.5 Conducting the Audit

To determine which BMPs will be effective for a given business or industry, a
ClI facility should either conduct a water audit itself or obtain the services of a
professional consultant trained in this area. This report provides Cll water users
with potential BMPs they can consider to reduce water and wastewater bills and
to help reduce water use, but it is up to the entity to evaluate specific
circumstances.

Many facilities managers have found that they can begin the audit by reviewing
water and wastewater bills and comparing their use to similar facilities that their
company may operate. To truly understand a facility’s water use and the value of
increased water efficiency, a more thorough analysis is required. A suggested
audit process is illustrated in Figure 6.3. The audit should include the current
overall water use by the facility, including water use by location and types of
water-using equipment. The the following seven important questions are
addressed in the audit:

o How much water is the facility using?

e Where in the facility is the water being used?

e When is the water being used?

e How and for what is it being used?

e Who controls its use?

e Why is water needed here?

e Are there other ways to do the same work that do not use water?

Once these seven questions have been answered, the facility manager can
evaluate methods of reducing water use. The financial feasibility methodologies
provided above in this section can assist in the evaluation. The first step is to
repair malfunctions and leaks. Following loss reduction, the best ways to reduce
use entails a comparative assessment of available options. The BMPs in this
report are one source of these options. Generally, these options fall into one of
five measures, starting with the lowest in cost:

e Adjust existing equipment to use less water

e Modify existing equipment or install a water saving device

e Replace existing equipment with more efficient models or types

¢ Reuse and recycle water or use alternate water supplies where possible

e Choose equipment or methods that eliminate water use

One potential method of reducing potable and freshwater use, for example, is to
use recycled water if it is available from a public utility. The use of recycled
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water may require dual plumbing. Economic incentives and reduced rates for the
use of recycled water are available from some water suppliers.

Another way to reduce potable and freshwater use is to examine how water may
be reused within a facility. This reuse can span from industry process water to the
capture of rainwater or using air conditioning condensate for irrigation or in a
cooling tower. The following decision table can help the facility manager or
engineer identify all water uses, the water quality needed for that operation, and
the water streams from their operation to see if they may be candidates for reuse.

Figure 6.3 - The Audit Process
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7.0 Commercial, Industrial, and
Institutional Sectors and Best
Management Practices

This report is generally intended to help businesses be more water efficient by
providing information on water-saving technologies and best management
practices (BMPs) applicable in the commercial, industrial, and institutional (CII)
sectors. The information in this section is intended for use as a resource for:

e Existing and new businesses

e Developers, consultants, and designers
e Water service providers

¢ Planning agencies

Since technology and practices change over time, the information in this section
is intended and recommended to be updated periodically.

This section provides the CII sector with valuable BMP information to capture
the multiple benefits of reduced costs for water, energy, wastewater, and onsite
water and wastewater treatment facilities. Also provided is information on
landscape water use efficiency practices, since outdoor water use is an important
issue and may represent a significant percentage of use for any given CII entity.
Recommendations include the use of alternate water sources for certain
applications, and many of the BMPs can be applied to other Cll entity types not
specifically addressed herein.

This section of the report, Volume Il, contains an in-depth description of the
hardware and processes associated with water-use efficiency improvements for
various types of CllI entities, along with a series of proven example case studies.
The information provided includes references on where to find additional
technical data and recommendations.

The Best Management Practices are divided into three distinct sections:

1. Section 7.1 contains BMPs related to common CII sectors.

2. Section 7.2 contains BMPs related to specific industrial sectors,
which the CII Task Force determined were responsible for a
significant amount of water use in California.

3. Section 7.3 contains BMPs related to common water uses found
among many ClII sites.

The sources for the information about ClIl BMPs found in Volume Il include: the
US EPA WaterSense® program, the CUWCC’s potential BMP research projects,
the Federal Energy Management Program (FEMP), and the Consortium on
Energy Efficiency (CEE). Also included is research performed by academia, ClI
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Associations, and other industrial sources using statistically and

scientifically defensible methods and professional expertise. A wide The BMPs included
number of sources were considered and are cited in association with the are technically
BMPs to which they relate. When available, general information about the feasible because they
size of the CII sector and its associated water uses is included with the are in use.

BMPs. Many ClI factors affect water use and the water use efficiency

potential. Some applicable business factors include the size, type, and location of
the ClII entity, the relative market impacts of the general economy, and for some
uses, weather. There are also differences in the price of water and relative ease of
use or reuse of treated effluent or alternative water resources (rainfall,
stormwater, and onsite reuse of water), which are covered in greater detail in this
volume.

7.1 Commercial and Institutional Sectors

This section summarizes BMPs for specific water uses within the typical ClI
sectors. These range from commercial food service and laundries to carwashes
and offices. Information is organized to be useful both for those who are
intending to implement or to assist in BMP implementation and for those
concerned with the overall potential for water use efficiency and conservation.

The level of detail varies for each CIl sector discussion and BMPs, depending
upon the availability of reliable information and system complexity. Each
discussion presents water use efficiency BMPs for both equipment and processes.
Where information is available and applicable, equipment retrofit and
replacement BMPs are addressed separately; improvements in maintenance or
management practices and design options are identified; and, water use
efficiency standards (e.g., regulatory requirements, Energy Star®) that can be
applied to the equipment being used are addressed. Additional detail can be
found in Volume Il Section 7 and Appendix A.

7.1.1 Commercial Food Service

Overview

According to information from the National Restaurant Association and the 2003
Census, California has more restaurants than any other state. Table 7.1 shows the
ranking and restaurants per capita for each state based on that study. California,
New York, Texas, and Florida account for one third of all restaurants in the
United States.
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Table 7.1 - Top Five States by Number of Restaurants in 2003

State Number of Restaurants per

Establishments 1,000 Population
California 87,225 241
New York 58,027 3.01
Texas 53,631 2.35
Florida 41,901 2.36
Pennsylvania 31,466 2.53
National Totals 714,232 2.41

Source: National Restaurant Association and 2003 U.S. Census information
(http://en.wikipedia.org/wiki/List_of US states by number of restaurants per capita)

As Table 7.1 shows, California had approximately 12 percent of the restaurants
in the United States in 2003. Based upon the above table, the seven-year increase
in population, and other information, there may have been as many as 87,000 to
92,000 restaurants in the state in 2010.*

The national distribution of restaurants by type, as shown in Figure 7.1, is
considered to apply to California.

B Carryout
W On-premesis Dining
Drive-through

H Delivery

Source: University of Georgia, Business Outreach Services, 2002 as reported in Koeller
and Company, 2010.

Figure 7.1 - U.S. Distribution of Restaurant Customer Traffic (2001)

In addition to the restaurant types shown in Figure 7.1, there are numerous
institutional food service establishments such as schools, prisons, municipal
buildings, and military mess halls. According to State of California data, the state
is also home to 9,972 public schools, 3,782 private schools, over 200 universities
and colleges, and several hundred jails and prisons.® Military facilities include 21
Army, Navy, Marine, and Air Force installations, along with several dozen Coast

4 Does not account for closures due to 2010-2011 economic conditions
® Koeller and Company. 2010. A Report on Potential Best Management Practices —Commercial
Dishwashers, for the California Urban Water Conservation Council.
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Guard facilities.® Many of the food service operations in these facilities are
operated by "managed services companies,” but a large percent is self-operated.
With the addition of bars, the number of California’s food service facilities easily
exceeds 100,000, A large percentage of these facilities have commercial
dishwashers.’

Kitchens in commercial and institutional facilities use a variety of practices,
technologies, and equipment to prepare food, manage food waste, and maintain
sanitary and safe conditions. The amount of water used in these activities
depends largely upon the type of technology applied and the volume of food
produced, although user practices play a large role as well.

Water use characteristics and BMPs of ware washing (scullery) and food
preparation, within the context of overall food service operations, are covered in
the following subsections:

e Garbage grinders

e Pre-rinse spray valves

e Dishwashers (ware washers)

¢ Washing and sanitation

e Ice machines

e Combination ovens

o Dipper wells

e Steam cookers

e Steam kettles

e Wok stove

Scullery Operations

Within the food service sector, it is important to understand how the ware
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washing process begins and how it may affect total water
use for a food service establishment. First, some smaller
food service establishments and many fast food restaurants
that serve on disposable ware do not use an automatic
dishwasher. Instead, they depend upon the “three-
compartment sink” to wash pots, pans and other cooking
utensils. However, almost all other restaurants and food

service establishments, of any size, use commercial
dishwashers.

Water use in the scullery operations can include:

® Koeller and Company. 2010.
" Koeller and Company. 2010.
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e Waste transport in sluice troughs

e Garbage disposal with grinders, pulpers, and similar equipment®
e Pre-rinsing of dishes prior to washing

e Soaking of pots and pans in special equipment

e Washing pots and pans either by hand or in a dishwasher

o Cleaning and sanitation of the scullery work area

One water-using area found in almost every restaurant is the three-compartment
sink. Many use these sinks for washing pots and pans or "pre-cleaning" them
prior to placing them in a dishwasher.

October 21, 2013

The first scullery step in most restaurants and food service
establishments is to scrape the dish, pot, pan, or tray into a
garbage can. However, some facilities only remove the
silverware and paper and cloth items, and then use sluice
troughs, which feed into a garbage disposer. Flow rates in these
troughs can range from 2.0 gallons per minute (gpm) to over
15 gpm, depending on how many nozzles flow into the trough
to wash the food waste towards the disposal.

Pre-rinse spray valves (PRSVs) are
used to rinse dishes prior to their
being placed in the dishwasher. Since
2005, the Federal energy policy act
(EPACct) has required that spray
valves use no more than 1.6 gpm.
New models have even lower flow
rates.® The photos on the left show an
old type spray valve using four
gallons per minute while the picture
on the right shows one using only 1.6
gallons per minute.

Another water-using device found in some larger facilities is a powered pot-
soaking tank. Pots and pans are placed in the tank containing hot water with a
special detergent. Pumps circulate the water around the tank softening cooked-on
food deposits. These tanks are normally filled at the beginning of the day and
dumped down the drain at the end of the day. In especially busy restaurants, the
tank may need dumping and filling more often.

8 |t should be noted that garbage grinders (disposers) are prohibited in some jurisdictions.

® Anecdotal information from the field indicates that, in some cases, PRSV flow rates below 1.3
gpm may result in longer cleaning times and user dissatisfaction. The U.S. EPA’s WaterSense
program will be releasing a draft specification for PRSVs that will likely set the maximum flow
rate near 1.3 gpm. Before purchase of a PRSV designed to operate at less than 1.3 gpm, the food
service operator should field trial the unit to ensure that it will operate satisfactorily, particularly if
the facility experiences low water pressure.
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Food Service and Preparation Operations

Commercial and institutional food service practices can also affect water use.
These include practices such as ice making and service line rinsing operations.
Food preparation (cooking) can affect water use, depending on the type of
cooking devices used; some commercial cooking equipment use water to directly
cook food, generate steam to cook food, or to cool equipment or steam
condensate.

Technical Feasibility

All of the practices, products, and technologies described within this section have
been in existence for an extended period of time and found to be technically
feasible. In each case, however, economic feasibility must be evaluated within
the context of the physical condition and demands of the specific property or
building food service operations.

7.1.1.1 Garbage Disposal

Overview — Garbage Disposals

Garbage disposal is the first step in the scullery process. As mentioned above,
this can include scraping waste from service ware into a garbage can or use of a
sluice trough to wash scraps into a garbage disposal unit.

Types of Equipment — Garbage Disposals

Four major types of garbage disposal systems are typically used in commercial
and institutional food service. These consist of devices to either grind up waste
to wash into the sanitary sewer system, trap waste for off-site disposal, or a
combination.

Garbage Grinders

Garbage grinders are found in many restaurants. The purpose of a grinder is to
break the food waste into small particles that are then mixed with water. This
mixture is then discharged to the sanitary sewer. The use of grinders increases the
loading on wastewater treatment plants and, as such, wastewater utilities vary in
their support for using these scullery appliances. Also, solids will build up more
rapidly in a grease trap if the waste passes through the grease trap. Because of
this build up, some cities have either banned grinders or placed excess sewer
charges on operations using grinders. Grinders, however, do remove food waste
from the solid waste disposal stream, an advantage in some cities; Some
jurisdictions are concerned that food waste placed in dumpsters may attract
rodents and flies and increase solid waste disposal volume. They, therefore,
encourage use of grinders. Others encourage composting of food scraps.
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Food Waste Pulpers

Food waste pulpers are used by some entities to collect food
scraps and extract water from the disposal process. They are
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located where a grinder would otherwise be located and can recover the extracted
water for reuse in pre-rinsing dishes and act as a sluice trough where food wastes
are dumped. When a recirculation system is used, pulpers recirculate between 5.0
to 15 gallons per minute (gpm) of water through the system; fresh makeup water

rates are typically below 2.0 gpm.

Food Strainer

An alternative to the mechanical systems discussed above is the simple scrap
basket or strainer basket system. Strainer baskets can either
be an under-the-sink type, as the one pictured here, or
simply a basket with holes or slots in it placed in a sink.
Food scraps are emptied into a garbage can for solid waste

disposal or composting.

Salvajors

Another system, called a Salvajor, works similarly to a
pulper and can recirculate water for sluicing of food scraps,
but it uses a strainer basket system to collect food waste for disposal as solid

waste.

October 21, 2013

The choice of waste disposal methods affects energy and water use in the
scullery operations. Table 7.2 summarizes the water, energy, and solid waste
considerations for each disposal method.

Table 7.2 - Summary of Four Waste Disposal Methods

Parameter Grinder Salvajor Pulper Strainer
Basket
Solids to Sewer Yes No No No
Recirculate No Yes Yes No
Strain Solids No Yes Yes Yes
Compost Produced? No Yes Yes Yes
Solid Waste Produced? No Yes Yes Yes
Flow Restrictor? Yes No No N/A
Horsepower 1-10 0.75-7.5 3-10 0
Potable Water Use (gpm) 3-8 1-2 1-2 0
Sluice Trough (gpm) 2-15 2-15 2-15 0

Operation, Maintenance, and User Education BMPs — Garbage

Disposals

For optimum garbage grinder efficiency, consider the following:

e Turn off the water during idle periods when the unit is not in use and
when the facility is closed.

e Scrape larger food scraps into a trash receptacle prior to rinsing food
waste into the disposal unit. Consider composting food waste if

appropriate.
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o Never pour grease into the garbage grinder unit, as this will lead to
clogged drain lines.

o Do not place any hard objects into the unit. This can dull the blades,
reducing the unit’s efficiency.

e Always run cold water through the garbage grinder unit during its
use. Hot water may damage the unit. Cold water helps to keep the
unit cool.

e Regularly inspect and clean the unit to make sure the blades are
sharp and the unit is not clogged with debris.

Retrofit BMP Options — Garbage Disposals

To reduce the water use associated with a traditional garbage grinder disposal
unit, consider installing a device that can sense the grinder motor’s load and
regulate the amount of water necessary to complete the disposal task. These
devices can reduce the idle flow rate when the garbage disposal is not in use,
from between 2.0 to 15 gpm under non-regulated conditions, to as low as 1.0
gpm with a load regulator, saving a substantial amount of water. Also, consider
installing a timer to stop the flow of water to the grinder after 15 minutes,
requiring the user to periodically reactivate the system.®

Replacement BMP Options — Garbage Disposals

When purchasing a new garbage grinder unit or looking to replace an existing
unit, consider these options:

e Purchase a garbage grinder with a load sensor that regulates the
amount of water conveyed through the unit based upon its use.

o Install a food pulper or food pulper/strainer combination system
(Salvajor), which can recirculate 75 percent of the water used for the
food disposal process.

o Replace mechanical food disposal systems with food strainers, which
use little to no water.

Savings Potential — Garbage Disposals

A conventional garbage grinder connected to a sluice trough can use more than
650,000 gallons per year and cost a facility more than $4,500" in water and
sewer bills. This water use can be significantly reduced either through a retrofit
with a load sensor to regulate and reduce the amount of water used by the
existing garbage grinder during idle mode or by replacing the unit with a food

10 East Bay Municipal Utility District. 2008. Watersmart Guidebook — A Water-Use Efficiency
Plan Review Guide for New Businesses. Pages FOOD 9-11.

1 Assumes a water and sewer rate of $7.16 per 1,000 gallons. From: Raftelis. 2009. Water and
Wastewater Rate Survey.
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pulper or food strainer. To estimate facility-specific water savings and payback
from retrofits and replacements, use the following information:

Conventional Garbage Grinder Retrofit — Load Reqgulator

Conventional grinders can be retrofitted with a load regulator to reduce the idle
water flow rate. Depending upon the original flow rate and load regulator, idle
water use can be reduced by 50 to 90 percent.

Current Water Use

To estimate the current water use of an existing garbage disposal during idle
periods, identify the following information and use Equation 7.1 below:

o Flow rate of water through the garbage disposal. This flow rate
typically ranges from 2.0 to 15.0 gpm.

e Average daily idle period of the garbage grinder. The idle period is
the time when the unit is turned on but not in use. While this time
will vary by facility, some estimates indicate that garbage grinders
are typically in a fully operating mode about three hours per day. For
a commercial food service facility operating 12 hours a day, this
would mean an idle period of nine hours if the garbage disposal is
kept on throughout the day.*?

o Days of facility operation per year.

Equation 7.1

Water Use of a Garbage Disposal During Idle Use (gallons/year) =
Flow Rate (gallons/minute) X Daily Idle Period (minutes/day)
X Days of Facility Operation (days/year)

Water Use After Retrofit

To estimate the water use from an existing garbage grinder that is retrofitted with
a load sensor during idle period, use Equation 7.1, substituting the reduced idle
flow rate. A load sensor can reduce the idle flow rate when the unit is not in use
to as little as 1.0 gpm.

Water Savings

The expected water savings is determined by subtracting the water use after
retrofit from the current water use.

Payback

12 East Bay Municipal Utility District. 2008. Watersmart Guidebook—A Water-Use Efficiency Plan
Review Guide for New Businesses. Pages FOOD 9-11.
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To calculate the simple payback for retrofitting an existing conventional garbage
grinder, identify the following information and use Equation 7.2 below:

e Equipment and installation cost of the retrofit load sensor.

e Water savings as calculated above.

o Facility-specific cost of water and wastewater.

Equation 7.2

Payback (years) = Equipment and Installation Cost ($) /
[Water Savings (gallons/year) X Cost of Water and Wastewater ($/gallon)]

Conventional Garbage Grinder Replacement — Food Pulper

Conventional garbage grinders can be replaced with a food pulper. A food pulper
can recirculate and reuse up to 75 percent of the water used for the food disposal

process, thus reducing the potable water required to operate the garbage disposal

unit.

Current Water Use
To estimate the current water use of an existing garbage disposal, identify the
following information and use Equation 7.3 below:
o Flow rate of water through the garbage disposal unit. This flow rate
typically ranges from 2.0 to 15.0 gpm.

e Average daily use time of the garbage disposal unit. While this time
of use will vary by facility, some estimates indicate that garbage
disposals are typically in full operation a total of three hours per day.

o Days of facility operation per year.

Equation 7.3

Water Use of a Garbage Disposal In Use (gallons/year) =
Flow Rate (gallons/minute) X Daily Use Time (minutes/day)
X Days of Facility Operation (days/year)

Water Use After Replacement

To estimate the water use of a replacement food pulper, use Equation 7.3,
substituting the flow rate of fresh water through the food pulper. The fresh water
flow rate through a food pulper is typically 2.0 gpm.*3

13 East Bay Municipal Utility District. 2008. Watersmart Guidebook—A Water-Use Efficiency
Plan Review Guide for New Businesses. Pages FOOD 9-11.
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Water Savings
The expected water savings is determined by subtracting the water use after
replacement from the current water use.
Payback
To calculate the simple payback from replacing a conventional garbage grinder,
identify the following information and use Equation 7.2:

e Equipment and installation cost of the replacement food pulper.

e Water savings as calculated above.

o Facility-specific cost of water and wastewater.

Conventional Garbage Grinder Replacement — Food Strainer

Conventional garbage disposals can be replaced with a food strainer. Since a
food strainer does not use water, installing a food strainer to replace an existing
garbage grinder unit can completely eliminate water use.
Current Water Use
To estimate the current water use of an existing garbage grinder, use Equation
7.3.
Water Use After Replacement
A food strainer can completely eliminate the use of water for the food disposal
process.
Water Savings
In the event of complete replacement, water savings would be equal to the
current water use.
Payback
To calculate the simple payback from replacing an existing conventional garbage
disposal with a food strainer, identify the following information and use Equation
7.2.

e Equipment and installation cost of the replacement food pulper

e Water savings as calculated above.

o Facility-specific cost of water and wastewater.
7.1.1.2 Pre-Rinse Spray Valves

Overview — Pre-Rinse Spray Valves

Dishwashing operations in a typical restaurant can consume over two-thirds of all
of the water used by that establishment. In some cases, nearly 50 percent of the
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water used in dishwashing is consumed by a pre-rinse spray valve (PRSV),**
which is used to remove food residue from dishware, utensils, and pots and pans
prior to placing them in the dishwasher for sanitation. Commercial PRSVs
consist of spray nozzles that use water under pressure and are different from
typical spray valves that are used for filling pots, kettles, or washing down
countertops, floors, and other kitchen areas, all of which operate with higher flow
rates than a commercial PRSV.** Pot and kettle fillers, spray valves used on
produce in grocery stores, and spray valves used in pet grooming facilities are not
covered under this BMP.

PRSVs designed for commercial dishwashing are connected to a hose, which, in
turn, is connected to the pressurized building water supply. These handheld
devices consist of a spray nozzle, a squeeze lever that controls the water flow,
and a dish guard bumper. They often include a spray handle clip, allowing the
user to lock the lever at full spray for continual use, which can reduce hand
irritation from repeated use. They can be installed at the end of a flexible
stainless steel hose and may include a foot-operated, on-off lever. PRSVs are
usually located at the input side of a dishwasher or over a sink, and are used in
conjunction with a faucet fixture fitting.

The Energy Policy Act (EPAct) of 2005 established the maximum allowable
flow rate for all commercial PRSVs sold in the United States at 1.6 gallons per
minute (gpm). However, older models still in use can use between 3.0 and 4.5
gpm. Since the EPAct maximum was established, more efficient products have
been developed with flow rates as low as 0.65 gpm, although the performance of
PRSVs at flow rates below 1.0 gpm may be significantly affected by low
pressure situations [<30 pounds per square inch (psi)]. Similarly, in very high-
pressure installations (>80 psi), severe splatter may occur, leading to user
dissatisfaction. A pressure-reduction device should be installed on the feed line in
those cases.

On average, PRSVs are reported to experience a physical life of about five (5)
years.

Operation, Maintenance, and User Education BMPs — PRSVs

Water and energy benefits result from proper installation and use of PRSVs
because most operational uses of PRSVs involve pre-rinsing with heated water.
Therefore, any reduction in flow rate and water usage has the potential to reduce
energy consumption as well.

14 Delegah, Amin, 2011. Food Service Technology Center. Personal Communication, December 2,
reports that recent field monitoring studies have shown a significantly higher percentage of water
use at the dishwasher (75 percent of total hot water usage) as older dishwashers operate outside of
their original design specification at the same time as older PRSVs are replaced with new efficient
models, thereby altering the ratio of water use between dishwasher and PRSV.

15 pot and kettle fillers are primarily volume-dependent, and lowering the flow rate could
unnecessarily impact user satisfaction by significantly increasing wait times.
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For optimum PRSV operation, system pressure should be tested to ensure that it
is between 30 and 80 psi. This pressure range will help to ensure that the PRSV
will deliver the expected flow and performance. In addition, consider the
following practices to maximize efficiency and performance:

e Ensure that the pre-rinse spray valve unit’s hose height is appropriate
for the user (neither too high nor too low). In the absence of an
optimal installation height, users would more likely choose to use
other kitchen sprayers (e.g., pot and kettle fillers, washdown
sprayers, any other non- PRSV sprayers), which may have higher
flow rates and waste more water.

e To decrease water use, train users to manually scrape as much food
waste from dishes as possible before using the PRSV (see the
discussion of Scullery Operations under the Overview in this
section).

e If possible, pre-soak heavily soiled dishes in a basin of water to
loosen food residue.

e Train users how to properly use the spray handle clip (‘always-on’
clamp) if available on the PRSV. Improper use of the clip could lead
to unnecessary water waste. If a constant stream of water is not
necessary, train users to manually depress the PRSV handle only
when water is needed.

o Periodically inspect PRSVs for scale buildup on the faceplate
orifices to ensure flow is not being restricted. Use cleaning products
designed to dissolve scale. Do not attempt to bore or otherwise
enlarge holes in the PRSV faceplate, as this may lead to increased
water and energy use or cause cleaning performance problems. If
scale cannot be removed, consider replacing the PRSV with a new
model.*®

o Periodically inspect PRSVs for leaks and broken or loose parts. If
necessary and possible, tighten screws and fittings to stop leakage. If
the product cannot be manually adjusted to perform properly,
consider replacing the entire unit.

e Conduct routine inspections for leaks and train appropriate custodial
and cleaning personnel and users to identify and report leaks.
Retrofit BMP Options — PRSVs

PRSVs are relatively inexpensive; therefore, consider replacement rather than an
extensive repair. In general, avoid retrofitting existing, inefficient PRSVs with
flow control inserts (which restrict water flow) to reduce the flow rate. These

18 Unless the unit is of substandard manufacture, is improperly installed, is abused, or is installed in
a facility with very poor water quality, there is no reason to believe that a typical pre-rinse spray
valve would last less than the expected five years.
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devices will generally fail to provide adequate rinse performance in some
facilities, thereby increasing use time and total water used.

Replacement BMP Options — PRSVs

Choose models with flow rates of 1.3 gpm or less when installing new PRSVs or
replacing older, inefficient units. However, give consideration to building water
pressure when selecting a PRSV. In some cases, it may be advisable to actually
install and test a PRSV in your facility before making a purchase commitment.

Savings Potential — PRSVs

Sizable water savings can be achieved by replacing existing inefficient PRSVs.
Because water use of PRSVs depends on facility operations, such as average
throughput, water savings will vary by facility. To estimate facility-specific water
savings and payback, use the following information:

PRSV Replacement

Current Water Use

To estimate the current water use of a pre-rinse spray valve, identify the
following information and use Equation 7.4 below:

o Flow rate of the existing pre-rinse spray valve. PRSVs installed after
2005 may operate at 1.6 gpm or less, although older higher flow rate
valves may still be in place. PRSVs installed before 2005 can have
flow rates of up to 4.5 gpm. In both cases, it is prudent to determine
the flow rate by collecting the valve output in a containment vessel
for a defined period of time and measuring the volume of the
collected water.

e Average daily use time. This will vary by facility, but PRSVs are
generally operating in the “on” position for no more than 90 minutes
per day.*’

o Days of facility operation per year.
Equation 7.4
Water Use of a Pre-Rinse Spray Valve (gallons/year) =

Flow Rate (gallons/minute) X Daily Use Time (minutes/day)
X Days of Facility Operation (days/year)

Water Use After Replacement

7 pre-rinse spray valve use time data was collected from facilities that participated in EPA’s Pre-
Rinse Spray Valves Field Study in 2010. Refer to: EPA WaterSense. 2011. Pre-Rinse Valves Field
Study Report. http://www.epa.ca.gov/\WaterSense/partners/prsvs.html
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To estimate the water use of a more efficient replacement PSRV, substitute the
flow rate of the replacement PSRV into the above equation. Efficient PSRVs use
1.28 gpm (recently recommended by the USEPA).

Water Savings

Determine the expected water savings by subtracting the water use after
replacement from the current water use.

Payback

To calculate the simple Payback from replacing an existing PRSV, identify the
following information and use the equation below:

e Equipment and installation cost of the replacement pre-rinse spray
valve. Pre-rinse spray valves typically cost less than $100.
Installation cost is negligible.

e Water savings as calculated above.

o Facility-specific cost of water and wastewater.

Equation 7.5

Payback (years) = Equipment and Installation Cost ($) /
[Water Savings (gallons/year) X Cost of Water and Wastewater ($/gallon)]

Facilities may also save a significant amount of energy due to the reduction in
hot water use with replacement of a PRSV with a lower flow model. This energy
savings will further reduce the payback time and increase replacement cost-
effectiveness.

Savings Potential - California — PRSVs

As of 2009, the California State Board of Equalization had issued sales tax
permits to 91,000 restaurants and similar food establishments in the state.’® This
figure does not include food service operations within a larger commercial or
industrial entity (such as company cafeterias or food service operations within
hospitals or schools), firms whose business is to manufacture and/or prepare food
for sale by others,™ and other similar entities. On the other hand, this figure does
include very small restaurants that do not use PRSVs.

With very limited information on the current number of installed PRSVs in
California, the above inventory information was coupled with the experience
gained through the California Urban Water Conservation Council’s (CUWCC)
Rinse ‘n Save Program (for statewide PRSV replacement) to arrive at an estimate

18 California State Board of Equalization, no date. Taxable Sales in California (Sales & Use Tax).
Fourth Quarter, 20009.
¥ Food product processors and manufacturers, catering firms, etc.
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of approximately 120,000 installed hot water valves, with a range of between
100,000 and 130,000.

Through implementation of the CUWCC’s Program and subsequent natural
PRSV replacement, the estimated statewide saturation rate (as of 2007) of water
efficient valves is about 70 percent. We estimate the potential water-savings
benefit of replacing the remaining 30 percent of the 120,000 hot water PRSVs in
California to be approximated 6,000 acre-feet per year (af/yr) using Equation 7.6:

Equation 7.6

30% X 120,000 valves X 0.874 af average savings per average valve =
31,000 af total or approximately 6,000 af/yr
(assuming a physical life of five years for a PRSV)

7.1.1.3 Commercial Dishwashers (Warewashers)

Overview — Dishwashers

Dishwashing (warewashing) is one of the largest water users in commercial food

service operations. These installed systems (dishwashers and pre-rinse spray

valves) clean and sanitize plates, glasses, bowls, utensils, and other food service
20

ware.

NSF International, a certifying body that provides a directory of commercial
dishwashers, currently lists approximately 900 individual machine models in
today’s marketplace. Dishwashers (warewashers) are found in diverse settings
ranging from conventional restaurants to health care and other institutional food
service facilities, as well as catering and similar food preparation operations.
Equipment has been designed for specific purposes such as general dish, pot and
pan, and glass washing.

Dishwashers in many commercial food service operations are owned by a leasing
company and provided to the food service operator. Although ownership of the
machine is held by the lessor, the water and energy costs associated with
operating the equipment are borne by the operator. As such, the lessor’s incentive
for purchasing and installing the most water- and energy-efficient equipment
does not always exist. In the case of single-rack door machines, for example, it is
estimated that 75 percent of these machines are leased, usually for a five-year
period.? Similarly, the larger dishwashers in the largest establishments are
leased equipment with the same diminished incentives for efficiency. .

“Alliance for Water Efficiency. 2010b “Commercial Dishwashing Introduction”.
www.allianceforwaterefficiency.org/commercial_dishwash_intro.aspx?terms=commercial+dishwas

her
L Cardwell R.. Conservation Specialist, Contra Costa Water District,Concord (CA)., December 19,
2011. — personal communication.
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Types of Equipment — Dishwashers

Commercial dishwasher design can vary greatly by application, depending on the
how many employees, visitors, and/or customers are served by the commercial
kitchen (i.e., the amount of facility throughput). Commercial
dishwasher technologies are typically differentiated in three
ways:

e Sanitizing method
e Basic design
o Water reuse potential

The equipment described here includes both standard
dishwashing machines and those designed for washing trays,
glassware only, and pots and pans. To understand the S 4400 -
technologies available, three equipment variants are '
described.

Sanitizing Method Variant

The first variant relates to how dishes are sanitized.

The most commonly found sanitizer in small restaurants is the chemical type
machine, also known as the low-temperature machine. This type typically uses a
chlorine-based disinfectant to sanitize the dishes. While these chemicals can
often damage plastic and flat ware, the lower temperatures are desired for items
that have low heat tolerance.

The other type of sanitizer is the high-temperature machine. The high-
temperature machine uses water at 180° F (82° C) or higher for
sanitation and may employ a booster heater to achieve these high water
temperatures. These machines do not require the addition of chlorine-
containing chemicals and do not damage flatware or plastic dishes.

Basic Design Variant

The second variant has to do with the basic design of the washer. Four
fairly distinct types of equipment exist:

Under-counter type. Under-counter type equipment is commonly
found in bars where only glassware is washed or in small restaurants
serving fewer than 60 persons per day. They generally use heat to
sanitize and are the closest to residential dishwashers in design and cost.

Door or hood type. Door or hood type equipment is primarily found in
restaurants that serve fewer than 150 customers a day. Racks holding
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dishes? are either hand loaded into the machine or loaded with an automatic
system. The cost for these types of machines generally ranges between $10,000
and $20,000, plus installation.?®

Conveyor-type. The C-Line or conveyor-type machine pulls the rack of dishes
through the washer and pushes the clean rack out the other side. Larger
restaurants serving between 150 and 300 people a day commonly use

this type. Machine cost is approximately $60,000, plus

installation.?*

Flight-type. Flight-type machines are designed for service to many
hundreds or even thousands of people per day. They are typically found
in large institutional facilities, hospitals, and large hotels with banquet
facilities. These machines have a continuously moving belt with pegs or
fingers onto which the dishes are placed. Machine cost is generally
$90,000 or more, depending upon design and size with additional cost
for installation.®

Water Reuse Potential Variant

The third variant is based on whether or not the machine uses holding tanks.

All commercial dishwashers hold water in a reservoir called a
wash tank. These tanks allow recirculating pumps to operate
and can be used to store water between washes. The volume of
these wash tanks can range from under two gallons for an
under-counter machine up to 65 gallons for large flight-type
systems.

Fill-and-dump machines dump water after each wash, whereas

the other type of machines house holding tanks and supply

makeup water through the rinse cycle. For machines that use

holding tanks, the number of tanks can vary from one to three.

These holding tanks allow dishwashers to recirculate water from one load to the
next and reduce energy use by reducing the need for heating water.

According to manufacturer specifications, door-type machines are supposed to be
dumped after every two hours of operation while other types are dumped to drain
after each meal. When the dishwasher is started again at the beginning of the next
workday, the tanks must be refilled and reheated. If the average volume of these
tanks is 15 to 20 gallons, dumped from one to six times per day, and there are an

= Generally of 20-in. by 20-in. size, roughly the size of those commonly found in most residential
dishwashers.

= Delegah A. Project Engineer, Food Service Technology Center. December 2, 2011 — personal
communication.

%4 Delegah A. 2011.

% Delegah A. 2011.
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estimated 65,900 machines in California®, this amounts to estimated water waste
in the range of 1,100 to 8,900 af/yr, but most likely between 2,000 and 5,000
affyr.?’

The most efficient commercial dishwashers reuse water from one wash load to
the next, using one or more holding tanks. This design not only reduces water
use, but also reduces the amount of energy required to heat additional water.
Alternatively, fill-and-dump commercial dishwashers discard water after each
load, making this type of commercial dishwasher inherently less efficient.

Water Use Information — Dishwashers

There are no federal standards limiting the water or energy consumption of
commercial dishwashers. However, the Energy Star® program qualifies
dishwashers for its voluntary labeling program,®® and includes under-counter,
door, and conveyor (multi-and single-stage tank) basic design-type machines.
Flight-type machines are not currently rated. Energy Star®-qualified commercial
dishwashers can reduce both energy and water use by up to 25 percent, according
to the U.S. EPA.

In some cases, however, potable water must be used for drain water tempering
where code requirements set a maximum temperature of 140°F (60°C) for drain
water (refer to text box for a discussion on drain water tempering).

Drain Water Tempering

Drain water tempering kits work by opening a potable water valve whenever the water being discharged
from a dishwashing machine exceeds the code maximum. For example, the Uniform Plumbing Code,
2009, paragraph 810.1 reads as follows:

“No steam pipe shall be directly connected to any part of a plumbing or drainage system, nor shall
any water having a temperature above 140°F (60°C) be discharged under pressure directly into any
part of a drainage system.”

The following information is from the Hobart web page* describing their information on water tempering.

Requirement: If water at or above 140°F will be drained in cooking equipment with steamers and
warewashers, a drain-water-tempering kit must be installed in the equipment to ensure the water does
not soften the plastic piping.

Avoid the violation: Prior to ordering cooking equipment, find out if draining water temperatures will
be at or will exceed 140°F. It is easier and more cost efficient to install the drain-water-tempering kit
during the installation process rather than to add the kit after the equipment has been installed. If the
water temperature is unknown, it is recommended that a measurement be taken. Though the final rinse
water temperature on a conveyor dishwasher is 180°F, it cools rapidly when sprayed through the final
1 rinse nozzle and therefore might not exceed 140°F by the time it enters the drain.

1 Drain water tempering devices should not be installed unless absolutely necessary, since they usually lead
to excessive water waste. Check with code officials and the dishwasher manufacturer before installing
| such devices.

*Available at:_http://www.hobartcorp.com/. Accessed: n.d. Last Updated: [2013].
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The USEPA Energy Star® criterion represents the lower end of water use and, in
fact, may have already approached what is currently technologically feasible for
the commercial dishwasher. For example, consider the multi-tank conveyor
maximum water use threshold level of 0.54 gallons per rack; a rack holds 14
plates, which comes to about a half-cup of water per plate to thoroughly wash,
rinse, and heat the plate to the sanitation temperature.

Under-Counter, Door-, and Conveyor- Type Machines

The amount of water used to wash a rack of dishes for under-counter, door-, and
conveyor-type machines varies with the model of machine and the type of
sanitizing process used. Similar factors affect flight-type dishwashers, but since
racks are not used in these machines, the parameter for comparison is gallons per
dish washed. NSF International publishes dishwasher data for all available
models.?

NSF International information was used to establish the USEPA Energy Star®
criteria. The NSF International database is updated regularly as manufacturers
develop new products. This information can be used to calculate water use per
rack for all except flight-type machines. Table 7.3 displays the USEPA Energy
Star® commercial dishwasher criteria for those dishwasher types that it currently
qualifies.

Table 7.3 - Energy Star® Efficiency Requirements for Commercial Dishwashers

Dishwasher Type High Temperature Low Temperature
Machine Requirements Machine Requirements

Idle Water Use** Idle Water Use**

Energy Energy

Rate* Rate*

Under-Counter < 0.9kW =1.00 gal/rack < 0.50kW =1.70 gal/rack
Stationary Single Tank** | <1.0 kW <0.90 gal/rack < 0.6 kW <1.18 galfrack
Single Tank Conveyor < 2.0 kW < 0.70 gallrack < 1.6 kW < 0.79 gallrack
Multi Tank Conveyor < 2.6 kW < 0.54 gallrack < 2.0 kW < 0.54 gallrack

*Measured with door closed and representative of the energy used by the tank heater only.
**Includes pot, pan, and utensil machines.

Energy Star® qualified dishwashers are reported to use at least 41 percent less
energy than the Federal minimum standard for energy consumption and much
less water than conventional models. Other data has been developed for this
report for conveyor and flight type dishwashers using the NSF International
December 2009 data.

Flight-Type Dishwashers

2 That data can be found at: NSF International. 2004. “NSF/ANSI STANDARD 3 Commercial
Warewashing Equipment.” Available at:
http://www.nsf.org/Certified/food/Listings.asp?Standard=003
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Energy Star® criteria have not yet been developed for flight-type machines,
although it is reported that plans exist to do so. Tables 7.4 and 7.5 summarize
water use characteristics for both single-tank and multi-tank flight-type
commercial dishwashers. Three parameters to rank efficiency were developed
based on the NSF International data. These were the:

o Gallons used per square foot of the flight conveyor belt surface
moving through the machine.

o Gallons used per dish using the NSF International equations to
estimate.

o Gallons used per rack equivalent based on the standard 20” x 20”
rack.

Gallons-per-dish is the most common parameter used by the industry to compare
flight-type machines; as such, all data was sorted on that parameter. Tables 7.4
and 7.5 the show lower quartile level, which roughly corresponds to where
Energy Star® initially sets most of their qualification thresholds.* It is important
to note that very efficient flight-type models do exist.

Table 7.4 - Single-Tank Hot Water Flight-Type Water Use

Characteristics for 17 models

Gal./sq ft Gal. / Dish Gal. / Rack

Equivalent
Maximum 0.61 0.031 1.70
Average 0.30 0.0185 0.83
Median 0.14 0.013 0.40
Lower Quartile 0.11 0.009 0.30
Lowest 0.07 0.007 0.21

Table 7.5 - Multi-Tank Hot Water Flight-Type Water Use

Characteristics for 83 models

Gal./sq ft Gal. / Dish Gal. / Rack

Equivalent
Maximum 0.45 0.041 1.26
Average 0.21 0.020 0.58
Median 0.19 0.017 0.52
Lower Quartile 0.07 0.010 0.20
Lowest 0.05 0.005 0.13

Summary of Water Use — All Machine Types

%0 The lower quartile level corresponds to the 25" percentile; the value below which 25 percent of
the numbers all. In other words, 25 percent of dishwasher models use more water than this value.
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Table 7.6 summarizes water use information from the various sources. The upper
quartile (75th percentile)® value for water use was chosen as the efficiency
threshold. Table 7.6 identifies what represents the current state of the market and
provides insight as to the efficiency of the approximately 65,900 commercial
dishwashers currently in use in California.

% The upper quartile level corresponds to the 75" percentile; the value below which 75 percent of
the numbers fall. This is a larger value than the 25 percentile.
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Table 7.6 - Examples of Commercial Dishwasher Use

October 21, 2013

75th percentile - 75% of machines are lower

Median - half of machines are lower

Hot Water Type Dishwashing Machines

Units 75th 75th Median Median Energy Energy
percentile | percentile | for 2009 | for 2006 Star® Star®
2006 2009 Machines | Machines | Threshold 2010
Median
Under Gallrack 1.75 1.20 1.00 0.79
Counter
Door Type | Gallrack 1.33 1.18 0.95 0.79
Single Gallrack 1.12 0.95 0.70 0.94 0.70 0.51
Tank
Conveyor
Multi-Tank | Gallrack 1.10 0.77 0.54 0.39
Conveyor
Single Gallplate 0.031 0.015
Tank Flight
Multi Tank | Gal/ 0.032 0.017
Flight plate
Chemical Type Dishwashing Machines
Units 75th 75th Median Median Energy Energy
percentile | percentile | for 2009 | for 2006 Star® Star®
2006 2009 Machines | Machines | Threshold 2010
Median
Under Gallrack 1.87 1.75 1.70 1.18
Counter
Door Type | Gallrack 1.98 1.22 1.18 1.09
Single Gallrack 1.22 1.08 0.79 0.95 0.79 0.49
Tank
Conveyor
Multi Tank | Gallrack 0.58 0.53 0.54 0.49
Conveyor
Multi Tank | Gal/plate 0.012 0.12
Flight

Note: Shaded areas indicate that data was not available.
Sources: NSF International for dishwashers for 2006 and 2009, Energy Star®, and CEE Commercial Kitchens Study.

Operation, Maintenance, and User Education BMPs —
Dishwashers

For optimum commercial dishwasher efficiency, follow these operating tips:

e  Only run dishwashers when they are full. Each dishwasher rack
should be filled to maximum capacity.
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o Educate staff to scrape dishes prior to loading the dishwasher (see
discussion on Scullery Operations under the Overview in this
section).

e Replace any damaged dishwasher racks.

e Ensure that the final rinse pressure and water temperature are within
the manufacturer’s recommendations.

o Operate the dishwasher close to or at the minimum flow rate
recommended by the manufacturer. Set the rinse cycle time to the
manufacturer’s minimum recommended setting and periodically
verify that the machine continues to operate with that rinse cycle
time.

e Turn off machines at night when not in use.
e Install steam doors to reduce evaporation.

e Ensure that manual fill valves close completely after the wash tank is
filled.

e Fix and repair any leaks. Inspect valves and rinse nozzles for proper
operation and repair worn nozzles.

For conveyor-type machines, further steps can be taken to ensure optimum
efficiency:
e Install and/or maintain wash curtains. Wash curtains are able to
retain heat within the machine.

e Ensure the rinse bypass drain is properly adjusted so that the wash
tank is adequately replenished during operation.

e Operate conveyor-type machines in auto-mode to save energy by
running the conveyor motor only when needed.

Retrofit BMP Options — Dishwashers

Retrofit options are available for conveyor-type dishwasher units. When
retrofitting an existing conveyor-type dishwasher, consider installing rack
sensors that allow water flow only when racks or dishes are present, thus saving
water and energy by initiating the cleaning cycle less frequently.
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Replacement BMP Options — Dishwashers

When purchasing or leasing a new commercial dishwasher or replacing an
existing commercial dishwasher, look for Energy Star® qualified models,* which
save water, energy, and reduce overall operating costs. For flight-type
dishwashers, which are not subject to Energy Star® product criteria, choose
equipment with a flow rate of less than 170 gallons per hour.** Avoid fill-and-
dump machines, which use the most water.

It is important to consider the typical kitchen throughput and select an
appropriately sized commercial dishwasher. A commercial dishwasher that is
larger than necessary may waste water if the machine is not loaded to capacity.

Savings Potential — Dishwashers

Energy Star® qualified commercial dishwashers use at least 25 percent less water
than conventional models.

Depending upon the type of machine, a wide range of water and energy savings
may be achieved. For example, potential savings achieved by replacing a
conventional multi-tank, conveyor-type, high-temperature dishwasher with an
Energy Star® qualified model is shown in Table 7.7.

Table 7.7 - Example of Potential Savings from Energy Star® Qualified Dishwashers

Conventional Energy Star® | Savings
Unit Use Qualified Unit
Use
Electricity
(kWh/year) 238,000 117,000 121,060
Water
(gallonsl/year) 38,000 26,000 12,000

Use Energy Star’s® Life Cycle Cost Estimate tool** to estimate facility-specific

water, energy, and cost savings achieved when replacing an existing commercial
dishwasher with a model with the Energy Star® label.

%2USEPA. n.d.b. “U.S. Environmental Protection Agency, Energy Star® Program: Commercial
Dishwashers Key Product.”

www.energystar.gov/index.cfm?c=comm_dishwashers.pr_crit_ comm_dishwashers

% Koeller and Company, 2010. A Report on Potential Best Management Practices—Commercial
Dishwashers.

3 USEPA. n.d.c. “U.S. Environmental Protection Agency, Energy Star Program: Energy Star®
Life Cycle Cost Estimate for Qualified Commercial Dishwasher(s).”
www.energystar.gov/ia/business/bulk _purchasing/bpsavings_calc/CalculatorCommercialDishwash
er.xls
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Savings Potential for California — Dishwashers

For the purposes of this analysis, the median®® data for 2006 (or 2009 if the 2006
data was not available) was used to represent the water use for the base case
(market median) estimates of total water used by commercial dishwashers in
California (refer to Table 7.6 for water use data). The 2010 Energy Star® median
water use of qualified equipment was used to calculate the water saving case.

Table 7.8 shows the median values for all machines currently in the marketplace,
the median value for those that are listed by Energy Star®, and the potential

savings.

Table 7.8 - Estimated Water Savings per Rack or Plate (gallons)

October 21, 2013

Hot Water Type Dishwashing Machines
Type Market Ener%y Savings Measurement
Median Star
Median
Under- Counter 1.20 0.79 0.410 Gallons per rack
Door 1.18 0.79 0.390 Gallons per rack
Single Tank Conveyor 0.94 0.51 0.430 Gallons per rack
Multi-Tank Conveyor 0.77 0.39 0.380 Gallons per rack
Single Tank Flight 0.015 .010 0.005 Gallons per plate
Multi-Tank Flight 0.017 .009 0.008 Gallons per plate
Chemical Type Dishwashing Machines
Type Market Energy Savings Measurement
Median | Star®Median
Under- Counter 1.75 1.18 0.570 Gallons per rack
Door 1.22 1.09 0.130 Gallons per rack
Single Tank Conveyor 0.95 0.49 0.460 Gallons per rack
Multi-Tank Conveyor 0.53 0.49 0.040 Gallons per rack
Multi Tank Flight 0.012 0.009 0.003 Gallons per plate
equivalent

Estimating the average number of racks or plates washed per hour or per day is a
guess at best. An analysis was performed using assumed volumes of washer
throughput to estimate water savings. The Restaurant Report website® provides
the maximum racks per hour for various types of dishwashing equipment.
Assuming that the actual number of racks washed is only 50 percent of the
maximum, and that the machines are in operation for 5.0 hours per day, Table 7.9
summarizes the estimated throughput used in the water savings analysis.

% The median value is the middle value in a data set; it is typically not the same as the mean, which
is an average of all values. Roughly 50 percent of the values in a data set will be above the median
value and 50 percent will be below the median value.

% McQuire C. 2012. “Buying the Right Commercial Dishwasher.”
www.restaurantreport.com/departments/restaurant-dishwasher-buying-guide.html
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Table 7.9 - Estimated Dishwasher Use*

October 21, 2013

Meals/hour | Dishwasher | Max racks Assumed Racks per day based
type per Actual racks on 5.5 hours of
hour per operation
hour
Up to 100 | Under-counter 35 175 88
100-500 Door 125 62.5 313
500-2000 Conveyor 425 225 1,125
2000+ Flight** 11,450 5,000*** 25,000
plates per Plates per hour Plates per day
hour

* Based on http://www.restaurantreport.com/departments/restaurant-dishwasher-buying-guide.html

** Elight systems measured in plates per hour.

*** The average flight machine can process up to 11,450 plates per hour, but 5,000 is used as a more

reasonable estimate of through-put for this analysis.

Using the estimated numbers of machines in California shown in Table 7.10, the
estimated number or racks or plates washed per day, and the water savings per
rack or plate, the total annual savings was calculated. The estimated savings were
collapsed into four dishwasher types: under-counter, door, conveyor and flight.
Table 7.10 summarizes these savings.

Table 7.10 - Estimated Total Annual Potential Water Savings in California

Dishwasher Estimated | Saving per | Operations* Market Energy Annual
Type Number in | Operation* per day Medial Star® Savings
California (gallons) (acre-feet Median (acre-feet
per year) (acre- per year)
feet per
year)
Under-counter 7,900 0.49 88 1,149 767 382
Door-Type 42,800 0.26 313 18,007 14,106 3,901
Conveyor- 11,900 0.328 1,125 11,959 7,048 4,911
Type
Flight-Type* 3,300 0.005 25,000 1,355 863 462
TOTAL 32,470 22,783 9,656

* For flight machines one operation is one dish washed. For all others, it is one rack washed.

Table 7.10 shows that current machines use a little over 32,000 af/yr of water for
washing dishes. Another 1,110 to 8,860 af/yr are used when the machines are
dumped to exchange water (refer to the Water Reuse Variant under Washing
Machine Types discussion in this section). Therefore, total water use is
approximately 33,000 to 41,000 af/yr. These results show that by operating only
with the median Energy Star® qualified machines, California can save about
10,000 af/yr, or about 25 to 30 percent of water used by dishwashing machines.
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7.1.1.4 Washing and Sanitation
Overview — Washing and Sanitation

Wash-down sprayers perform cleaning in food service operations. These sprayers
consist of hoses and nozzles used for a variety of cleaning purposes, including
washing countertops, floors, mats, and other kitchen areas. Wash-down sprayers
use a high-pressure stream with large volumes of water to clean dirt and residue
from surfaces. Wash-down sprayers typically deliver flow rates of seven gpm,®’
while heavy-duty hoses used without nozzles can deliver higher flow rates from
nine to 20 gpm.>®

Washing floors in food-service establishments can use large quantities of water.
The common practice has been to mop the kitchen floor with soapy water, then
use a high-pressure hose with hot water to rinse the soapy water into the floor
drain. This process uses large amounts of water, as well as energy to heat the
water, and has a tendency to splash dirty water onto clean equipment. Some
literature reports that water use for floor cleaning in a large commercial kitchen
can be in the range of 1,000 to 1,500 gallons a day. *’

Using an alternative cleaning method could improve the efficiency of cleaning
tasks, reduce water use, and save on water costs. These cleaning methods (e.g.,
mopping or sweeping) perform the same tasks as using a spray-washer yet
require significantly less water or no water at all. If implementing new cleaning
methods is not feasible, replacement options that use lower flow rates than wash-
down sprayers include pressure washers and water brooms.

Operation, Maintenance, and User Education BMPs — Washing
and Sanitation

Consider the following for optimum wash-down sprayer efficiency:

e Only use wash-down sprayers to clean floors, countertops, and other
surfaces. Do not use wash-down sprayers to clean dishware, which
should be cleaned with PRSVs.

e Any conventional floor cleaning system with a hot-water hose
should, at a minimum, have a self-closing valve. If the wash-down
sprayer does not have such a valve, shut off the water supply when
the sprayer is not in use.

e For floor washing applications, consider using a broom and dust pan
to clean up solid waste and/or using a mop and squeegee instead of a
wash-down sprayer.

e Use floor-cleaning machines equipped with a water tank.

87 Fisher-Nickel, Inc. 2010. “Water Conservation Measures for Commercial Food Service.”
www.fishnick.com/savewater/bestpractices/\Water _Conservation_in_CFS.pdf

% USEPA. n.d.f. “U.S. Environmental Protection Agency’s Energy Star program: Best Practices—
How To Achieve the Most Efficient Use of Water in Commercial Food Service Facilities.”
www.energystar.gov/index.cfm?c=healthcare.fisher _nickel feb 2005
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Retrofit BMP Options — Washing and Sanitation

Consider installing a self-closing nozzle if a high-flowing wash-down sprayer
hose is used without a nozzle. This nozzle can reduce a 10-20 gpm flow to seven
gpm or less, and prevent water waste when the wash-down sprayer is not in use.

Replacement BMP Options — Washing and Sanitation

For certain applications, wash down sprayers may be replaced with mopping or
sweeping, which require little to no water.

Pressure washers can serve as a viable replacement option for facilities that rely
on the washing capability of wash-down sprayers. Pressure washers typically
operate at high pressure flow rates of three gpm or less and often outperform
wash-down sprayers.

Water brooms can replace existing wash-down sprayers for surface cleaning
applications. Water brooms have wide spray patterns with multiple jets that are
more efficient at cleaning large surfaces than a wash-down sprayer and use
significantly less water.*

Savings Potential — Washing and Sanitation

Water savings can be achieved through retrofit or replacement. Existing high
flowing wash-down sprayers can be retrofitted with a self-closing nozzle. Wash-
down sprayers can also be replaced with a pressure washer or water broom. To
estimate facility-specific savings and payback, use the following information:

Wash-Down Sprayer Retrofit

Installing a self-closing nozzle on a high-flowing wash-down sprayer to reduce
water flow can result in sprayer water savings between 40,000 to 280,000 gallons
per year.* Nozzle retrofits cost approximately $100; therefore, a facility saving
40,000 gallons per year could recoup the initial cost of the retrofit equipment in
less than one year.*

Current Water Use
Use Equation 7.7 below to estimate the current water use of an existing wash-

down sprayer without a nozzle, identify the following information:

e Flow rate of the existing, high-flowing wash-down sprayer without a
nozzle. Most high-flowing wash-down sprayers have flow rates
between nine and 20 gpm.**

e Auverage daily use time in the food service operation.

%9 Fisher-Nickel, Inc. 2010.

9 Assumes a water and sewer rate of $7.16 per 1,000 gallons. From: Raftelis. 2009. “Water and
Wastewater Rate Survey.”

1 East Bay Municipal Utility District. 2008. Watersmart Guidebook—A Water-Use Efficiency Plan
Review Guide for New Businesses. Pages FOOD8-FOOD?9.
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o Days of food service operation per year.

Equation 7.7

Water Use of a Wash Down Sprayer or Water Broom (gallons/year) =
Flow Rate (gallons/minute) X Daily Use Time (minutes/day) X Days of Facility
Operation (days/year)

Water Use After Retrofit
Use Equation 7.7 to estimate the water use after installing a nozzle on an existing
wash-down sprayer without a nozzle, and substitute the flow rate of the new
nozzle. Self-closing nozzles often flow at a rate of seven gpm. **
Water Savings
Determine the expected water savings by subtracting the water use after nozzle
retrofit or replacement from the current wash-down water use.
Payback
Use Equation 7.8 below to calculate the simple payback for the wash-down
sprayer retrofit, identify the following information:

e Equipment and installation cost of the self-closing nozzle. Self-

closing nozzles typically cost $100.
e Water savings as calculated using Equation 7.7.

o Facility-specific cost of water and wastewater.

Equation 7.8

Payback (years) = Equipment and Installation Cost ($) /
[Water Savings (gallons/year) X Cost of Water and Wastewater ($/gallons)]

“2 Eisher-Nickel, Inc. 2010.
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Wash-Down Sprayer Replacement

Replacing a wash-down sprayer with a pressure washer or water broom can result
in water savings between 100,000 and 400,000 gallons per year. Pressure
washers and water brooms typically cost between $100 and $200; therefore, a
facility saving 100,000 gallons per year could recoup the initial cost of the
retrofit equipment in less than one year.*® To estimate facility-specific savings
and payback use the following information:

Current Water Use

Use Equation 7.7 to estimate the current water use of an existing wash-down
sprayer.

Water Use After Replacement

Use Equation 7.7 to estimate the water use of a replacement pressure washer or
water broom, and substitute the flow rate of the new device. Water brooms can
use as little as two gpm.** Pressure washers have similar flow rates yet use higher
water pressure.

Water Savings

Determine the expected water savings by subtracting the water use after
replacement from the current wash-down water use.

Payback

Use Equation 7.8 to calculate the simple payback for the wash-down sprayer
replacement, and substitute the cost of the pressure washer or water broom for
the cost of the retrofit self-closing nozzle.

7.1.1.5 Commercial Ice Machines
Overview — Ice Machines

The use of ice for drinks, preserving and cooling food, and various other
commercial purposes is common today, but it was not always so. Before the
development of the commercial ice machine industry, ice was produced at large
central ice plants and delivered to the commercial user in the form of either
blocks or crushed ice. The crushed and block ice market is still a viable industry,
but commercial ice machines have replaced delivered ice in routine commercial
activities. This section summarizes the operational characteristics of commercial
ice machines and examines a California-based perspective on the potential for
both water and energy savings. To do this, it examines five items:

e Types of ice-making technologies and equipment

e Ice machine market dynamics

“3 Assumes a water and sewer rate of $7.16 per 1,000 gallons. From: 2009. “Water and Wastewater
Rate Survey.”
** Fisher-Nickel, Inc. 2010.
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e Regulations and incentives
e Energy and water use chrematistics*®
e Potential future water savings

The market for ice-making machines tends to increase in proportion to
population. The hospital, food service, and hotel industries purchase
approximately 75 percent of all ice machines nationally, but ice machines are
also found in other businesses and institutions (Figure 7.2).%°

According to information from the Pacific Gas & Electric Company (PG&E)
Food Service Technology Center (FSTC) (Zabrowski, 2007), about 20 percent of
the installed inventory of ice machines in California are water-cooled and the
balance are air-cooled. According to the Air Conditioning and Refrigeration
Institute (ARI), once-through, water-cooling ice machines use from 75 to 200
gallons of cooling water for every 100 pounds of ice made.

Hospital

Restaurant

Grocery

Office School

Figure 7.2 - Commercial Ice Machine Distribution by Business Sector

Ice machines can produce several kinds of ice:
e Cube ice (clear, regularly shaped ice weighing up to 1.5 ounces per
piece and containing minimal amounts of liquid water)

e Flake ice (chips or flakes of ice containing up to 20 percent liquid
water by weight)

“5 Chrematistics is the study of wealth or a particular theory of wealth as measured in money as
defined at: http://www.merriam-webster.com/dictionary/chrematistics. Accessed May 23, 2013.
% This figure was based on older studies performed in 1996 by Arthur D. Little. In Westphalen D,
Zogg RA, Varone AF, and Foran MA. 1996. Energy Savings for Commercial Refrigeration
Equipment Final Report. Available at: http://infohouse/p2ric.org/ref/36/35923.pdf.
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e Crushed ice (small, irregular pieces made by crushing bigger pieces
of ice)

o Nugget ice (small portions of ice created by extruding and freezing
the slushy flake ice into a nugget)*’

In 2003, total nationwide ice machine sales were approximately 360,000 units, of
which about 78 percent were cube machines; the others were flake and nugget
machines or combination machines such as soda machines (Figure 7.3).
According to a 2004 PG&E study, there are about 1.2 million ice machines in the
United States, with about 174,000 in California (about 14.5 percent of the
total).*® Allowing for population growth, staff estimate that California currently
has an installed base of about 180,000 machines.

Flake/Nugget,
a% |

Figure 7.3 - National Sales by Type of Ice Machine

In recent years, there has been an increase in sales of nugget-type ice machines
for soft drink use since this ice absorbs some of the drink flavor and is chewable.
However, according to information from PG&E FSTC (Zabrowski, May 2008),
the percent increase is small. The importance of this trend is that nugget ice
machines tend to be both more energy and water efficient.

The amount of ice consumed by various individual operations varies greatly, but
ice machine manufacturers have developed estimates for each of those
applications. Table 7.11 summarizes this information.

" pacific Gas and Electric Company. (PG&E). 2013.“Information Brief, Commercial Ice
Machines.”

www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/incentivesbyindustry/hospitalit

y/icemachinetech.pdf.
“8 This value was based on older studies performed in 1996 by Arthur D. Little. In: Westphalen D,
et al. 1996.
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Table 7.11 - Approximate Ice Use by Activity or Product

Type of Use Unit Ice Use per Activity
Restaurant Per Meal 1.5 Ib. per person served
(Either stand alone or Cocktail Bar 3 Ib. per person served
ata hotel) Salad Bar 40 Ib. per day per cubic ft.
Cafeteria Per Person 1 Ib per person served
Hospital Per Patient 10 Ib per patient per day
Hotel Per Guest 5 Ib per guest per day
Catering Per Person 1 Ib per person served
Cold Soft Drinks 10-12 oz. 6-8 oz. per drink
&Tea 20 oz. 8-10 oz. per drink

32 oz. 16 oz. per drink

Source: Information based on Ice-O-Matic™ and Cornelius™® Web sites.

Types of Equipment — Ice Machines

There are three primary types of ice machines: ice-making head units (water- or
air-cooled), self-contained units (water- or air-cooled), and remote condensing
units (air-cooled). Ice-making head units have the ice-making mechanism and the
condenser unit in a single package, and the storage bins are sold separately. Self-
contained units have the ice-making mechanism, condenser unit, and a built-in
storage bin in an integral cabinet. These units are typically small, under-counter
units that produce a smaller volume of ice. Remote condensing units are models
with the ice-making mechanism and the condenser unit in a separate section.
They transfer the heat generated by the ice-making process outside of the
building.

An ice machine’s capacity is measured by the pounds of ice produced per day.
Water-cooled ice machines with single-pass cooling consume between 100 and
300 gallons of water per 100 pounds of ice produced, while air-cooled ice
machines consume less than 50 gallons of water per 100 pounds of ice
produced.®* Although air-cooled machines are usually more water-efficient,
water-cooled machines are usually more energy-efficient. Some air-cooled units,
however, are able to match or exceed the energy efficiency of water-cooled units
while also providing substantial water efficiency.>

“9 1ce-O-Matic. www.iceomatic.com. Accessed: n.d.

%0 Cornelius. www.cornelius-usa.com. Accessed: n.d.

1 Bohlig, Charles M. East Bay Municipal Utility District. February 2006. “Presentation on Water
Efficiency in Commercial Food Service.”

%2 Alliance for Water Efficiency. 2010d. “Ice Machines Introduction.”
www.allianceforwaterefficiency.org/lceMachines.aspx.
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Water Use Information — Ice Machines

Commercial ice machines use refrigeration units to freeze water into ice. They
have become a mainstay in all types of settings including restaurants, commercial
kitchens, fast food establishments, convenience stores, grocery stores, schools,
hotels/motels, hospitals, and laboratories. Ice machines typically use water for
two purposes: cooling the refrigeration unit and making ice. There are
mechanisms to address the efficiency of both aspects.

Water Use For Cooling

Water or air is used to remove waste heat from the ice machine’s refrigeration
unit because the ice-making process generates a significant amount of heat. In the
most basic configuration, water-cooled ice machines pass water through the
machine once to cool it, and then dispose of the single-pass water down the drain.
Water-cooled systems can use less water by recirculating the cooling water
through either a heat exchanger connected to a chilled water loop or a cooling
tower in order to lower the temperature, and then returning the water to the
machine for reuse. To eliminate using water to cool the refrigeration unit
altogether, air can be used to cool the unit instead. Air-cooled ice machines use
motor-driven fans or centrifugal blowers to move air through the refrigeration
unit to remove heat.*

Water Use For Making Ice

Regardless of how the machine is cooled, all of the machines use water to
produce ice. If a machine were perfectly water-efficient and wasted no water
when producing ice, the machine would use approximately 12 gallons of water to
produce 100 pounds of ice.>* However, in order to create ice of acceptable
guality, some water is sent down the drain during the process.

As ice is formed in the freezing trays, minerals in the water collect on the
equipment and must be occasionally rinsed off, depending on the water quality.
Some machines require more frequent rinse cycles than needed, thus wasting
water. Reducing the frequency of rinse cycles can provide an opportunity for
savings.

Some ice machines are designed to produce clearer and smoother ice using a
repeated freezing and partial thawing process. Ice produced using this method
has fewer air bubbles and is more crystalline, however producing ice to this
quality uses more water.>®

%3 USEPA. n.d.e. “U.S. Environmental Protection Agency’s Energy Star® Program. Commercial
Ice Machines.”
www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=CIM.
5* Alliance for Water Efficiency. 2013.

% Alliance for Water Efficiency. 2013
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Water used directly for the ice-making process ranges from 15 gallons to more
than 50 gallons per 100 pounds of ice,*® depending on the amount of water used
to rinse the machine. For flake machines, this range includes the unfrozen water.

Most cubed ice machines use more water than flake ice machines because they
run more water over the freezing ice to remove sediment and minerals that form
as the water freezes. In general, the higher the quality of ice, the more water is
needed for the ice-making process.

The Department of Energy sets standards for ice machines.®” In order to
recognize energy- and water-efficient ice machines, the USEPA’s Energy Star®
program issued a specification®® for commercial air-cooled cube ice machines
that are more energy and potable water efficient. On average, commercial ice
machines that have earned the Energy Star® label are 15 percent more energy
efficient and 10 percent more water efficient than standard air-cooled models.
Currently, only cube ice machines qualify to earn that label, although Energy
Star® plans to include flake machines in future specifications.

Operation, Maintenance, and User Education BMPs — Ice
Machines

Consider the following tips to ensure energy- and water-efficient ice machine
use:

o Periodically clean the ice machine to remove lime and scale and
sanitize it to kill bacteria and fungi. For self-cleaning/sanitizing
machines, run the self-cleaning option. For machines without a self-
cleaning mode, shut down the machine, empty the bin of ice, add
cleaning/sanitizing solution to the machine, switch it to cleaning
mode, and then switch it to ice production mode. Although water is
wasted in the process, it is very important to create and discard
several batches of ice to remove residual cleaning solution for health
and safety considerations.

o Keep the ice machine’s coils clean to ensure that the heat exchange
process is running as efficiently as possible.

o Keep the lid closed to trap cool air inside the ice machine so that it
does not have to work harder to maintain the appropriate temperature
inside.

o Install a timer to shift ice production to nighttime or off-peak hours
mode, cutting down on the facility’s peak energy demand.

% Koeller and Company, 2008. A Report on Potential Best Management Practices — Commercial
Ice Machines. Prepared for the California Urban Water Conservation Council. Page 6. June.

5" Energy Efficiency and Renewable Energy (EERE). n.d. “Appliance & Equipment Standards,
Standards and Test Procedures.”
http://www1.eere.energy.gov/buildings/appliance_standards/commercial/automatic_ice_making_eq

uipment.html
% USEPA. n.d.e.
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o Considering local water quality and site requirements, work with the
machine’s manufacturer to ensure that the machine’s rinse cycle is
set to the lowest possible frequency that still provides sufficient ice
quality. If available, use the ice machine’s ability to initiate rinse
cycles based on sensor readings of minerals.

o Follow the manufacturer-provided use and care instructions for the
specific model ice machine used at the facility.

e Train users to report leaking or otherwise improperly operating ice
machines to the appropriate personnel for repair.

Retrofit BMPs Options — Ice Machines

If the machine is cooled using single-pass water, modify the machine to operate
on a closed-loop that recirculates the cooling water through a cooling tower or
heat exchanger, if possible. If eliminating single-pass cooling is not feasible,
consider reusing the cooling water for another application within the facility. See
Section 7.3.1 Alternate Onsite Sources of Non-Potable Water for more
information.

Replacement BMP Options — Ice Machines

Ensure that the new model is sized appropriately to fit the facility’s need when
replacing the ice machine or installing a new one. If the machine produces too
large of a yield, water will be wasted by producing unneeded ice. Also choose an
ice machine that is appropriate for the quality of ice needed. Producing ice of
higher quality than required will use water unnecessarily. Consider selecting
flake or nugget ice machines, which use less water and energy than cube ice
machines.>® Choose only Energy Star® qualified models when available.®® Also
consider only air -cooled ice machines that meet the efficiency specifications
outlined by the Consortium for Energy Efficiency (CEE).*

Savings Potential — Ice Machines

A facility will see varying levels of water savings, depending on whether it is
replacing an existing air-cooled ice machine or an existing water-cooled model.
To estimate facility-specific water savings and Payback, use the following
information:

Air-Cooled Ice Machine Replacement

On average, Energy Star® qualified air-cooled cube ice machines are 15 percent
more energy-efficient and 10 percent more water-efficient than standard air-
cooled models. Total savings depend on the type of machine selected. Switching

%9 East Bay Municipal Utility District. 2008. Watersmart Guidebook—A Water-Use Efficiency Plan
Review Guide for New Businesses.

9 USEPA. n.d.e.

%1 Consortium for Energy Efficiency. 2011. High-Efficiency Specifications for Commercial Ice
Machines. http://library.ceel.org/content/cee-high-efficiency-specifications-commercial-ice-
machines/
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to a 137-pound capacity Energy Star® qualified air-cooled ice-making head unit
from an equivalent conventional unit, for example, can result in water savings of
1,000 gallons per year. Energy savings of 1,600 kilowatt hours (kWh) per year
can also be expected, resulting in net cost savings of about $170 per year.®

Use Energy Star’s® Commercial Kitchen Equipment Savings Calculator® to
estimate facility-specific water, energy, and cost savings for replacing an existing
ice machine with an Energy Star® qualified model. The Calculator estimates
savings for the Energy Star® suite of commercial kitchen products, but it can also
be used to calculate individual savings from replacing an existing ice machine.

Water-Cooled Ice Machine Replacement

A facility will see the most water savings from replacing a water-cooled ice
machine with an Energy Star® qualified air-cooled model. Only cube ice
machines currently qualify to earn the Energy Star® label.
Current Water Use
To estimate the current water use from a water-cooled ice machine, identify the
following information and use Equation 7.9 below:

e Ice machine’s harvest rate, or how many pounds of ice it produces

per day

e The ice machine’s maximum water use: this figure can be derived
from EPAct 2005 requirements.

o Days of facility operation per year

Equation 7.9

Water Use of a Water-Cooled Ice Machine (gallons/year) = Harvest Rate (100 Ibs ice/day)
X Water Use (gallons/100 Ibs of ice) X Days of Facility Operation (days/year)
Water Use After Replacement

To estimate the water use of a replacement Energy Star® qualified air-cooled
model, use Equation 7.9, substituting the harvest rate (if it will change) and the
new water use per hundred pounds of ice.

Water Savings

Determine the expected water savings by subtracting the water use after
replacement from the current water use.

82 USEPA. n.d.c. “Commercial Equipment Savings Calculator.”
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.ShowProductGroup&pgw_code=
CKP

%3 USEPA. n.d.c.
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Payback

To calculate the simple Payback from replacing a water-cooled ice machine,
identify the following information and use Equation 7.10 below:

e Equipment and installation cost of the replacement Energy Star®
qualified air-cooled model. New ice machines may range in cost
between $2,000 and $4,000.

e Water savings as calculated using Equation 7.9.

o Facility-specific cost of water and wastewater.

Equation 7.10

Payback (years) = Equipment and Installation Cost ($) /
[Water Savings (gallons/year) X Cost of Water and Wastewater ($/gallon)]

Savings Potential — California — Ice Machines

Water savings (direct and indirect) can be derived from three sources:

e Elimination of once-through cooling, which yields substantial direct
savings.

e Moving to Consortium for Energy Efficiency (CEE) Tier 3** water
use levels for future ice-making machines, including the promotion
of the more efficient flake and nugget machines, all of which yield
direct savings of water.

e Indirect water savings realized through reduced energy generation.

The following analysis is based on an estimated 180,000 ice machines currently
installed in California, of which 36,000 are estimated to be water-cooled.®® For
the purpose of this analysis, these water-cooled machines are assumed (1) to use
150 gallons of cooling water for every 100 pounds of ice made and (2) to have an
average daily production, from all units of 600 pounds of ice per day per unit.
Two water use rates for ice making are assumed: 25 gallons per 100 pounds of
ice and 20 gallons per 100 pounds of ice, with a net savings of five gallons per
100 pounds of ice. This assumption reflects CEE Tier 2 (the Energy Star®
Standard) and Tier 3 standards, respectively, which, together, cover the majority
of the market available today. The CEE has created voluntary standards for
commercial ice maker energy and water efficiency. Tiers are compared to a base
model that has a typical low efficiency as defined by the Food Service
Technology Center. The other ice makers have efficiencies that meet the
thresholds for each of the CEE tiers, with Tier 3 being the most efficient.

o4 CEE.(2013). “CEE Tiers and Energy Star.” http://www.ceel.org/content/cee-tiers-and-energy-
star. Access: n.d.

120 percent of the ice machines are water-cooled, as noted in the Overview portion of this
subsection, 20 percent of 180,000 total ice machines results in an estimated 36,000 water-cooled
ice machines in California.
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The potential statewide savings in water and energy use by the equipment itself
(direct savings) and through the reduction in embedded energy use (indirect
savings) are both shown in Table 7.12. For assumptions related to the estimated
savings, refer to CUWCC Potential BMPs report on ice machines.®

Table 7.12 - Summary of Total Potential Annual Water and Energy Savings in California

Savings at Ice Machine (Direct Savings)
Type Number of Water Energy Notes
installed (acre- (millions of
machines feet/year) kWh/year)
Water-cooled machine 36,000 36,300 -47
savings
Air-cooled machine 144,000 252
savings
All machines 180,000 6,000
Total at machine 42,300 205
Embedded Savings (Indirect Savings)
Type Number of Water Energy Notes
installed (acre- (millions of
machines feet/year) kWh/year)
Water-cooled machine 36,000 82* *Savings of
savings embedded energy in
reduced cooling
water
All machines 180,000 14
Total embedded 230** 96 *\Water savings
resulting from
reduced
energy production
Net Savings — Direct & Indirect 42,530 301 Includes Embedded
Savings

In summary, Table 7.12 shows that by eliminating once-through water cooling
machines about 36,000 af of water can be saved each year and the net energy
savings would be about 300 million kWh per year when embedded energy is
taken into account. Adding the savings realized by moving to Tier 3 or to flake
and nugget machines will increase the projected statewide water savings to a total
of about 42,300 af/yr.®’

% Koeller and Company. 2008. A Report on Potential Best Management Practices — Commercial
Ice Machines. Page 6.

®7 This does not take into account the net savings in other operating costs (borne by the end user)
by eliminating once-through cooling. Typically, over the lifetime of the machine, operating costs to
the end user for air-cooled equipment are about half that of the equivalent water-cooled equipment.
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7.1.1.6 Dipper Wells

Overview — Dipper Wells

Dipper wells are used for applications such as rinsing ice cream scoops, spoons,
and other utensils on the serving line between uses. Most dipper wells have a
single spigot and a valve that controls the flow of either hot or cold water into a
receiving well. Most serving lines have dipper wells running constantly during
service hours to provide a continuous exchange of the water in the well in order
to reduce the potential for bacterial growth.

Dipper wells usually have flow rates between 0.5 and 1.0 gallon per minute
(gpm).®® Larger wells, however, have higher flow rates.

Food service locations should ensure that the requirements of the U.S.
Department of Health and Human Services Food Code are met, specifically
Sections 3-304.11 and 3-304.12, when considering changes to facility operations
that may involve installing, retrofitting, or replacing a dipper well.

Operation, Maintenance, and User Education BMPs — Dipper
Wells
Consider the following for optimum dipper well efficiency:
e Turn off water when service periods are slow and the dipper well is
not in use. Turn off the water to the well at the end of each day as

well. Clean the dipper well prior to restarting the water in order to
remove any bacterial build up.

o Keep the flow rate of the dipper well valve at its minimum level.
Some municipalities recommend no more than 0.3 gpm.®

e Consider rinsing utensils with an existing faucet only as needed
rather than using a dipper well.

e Use cold or warm water instead of hot water in dipper wells where
appropriate for rinsing utensils.

Retrofit BMP Options — Dipper Wells

Consider installing an in-line flow restrictor to reduce the flow rate from 0.5 or
1.0 gpm to 0.3 gpm to reduce the water use associated with a dipper well.

% East Bay Municipal Utility District. 2008. Watersmart Guidebook—A Water-Use Efficiency Plan
Review Guide for New Businesses. Pages FOOD8-FOOD?9.

% Arizona Department of Water Resources. n.d. Conservation Tools: Implementing a Water
Management Plan Checklist for Facility Managers. Page 8.
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Replacement BMP Options — Dipper Wells

Consider these options when looking to replace dipper wells:

e Install a metering faucet for utensil rinsing.

e Consider installing an Energy Star®-qualified commercial under-
counter dishwasher70instead of using a dipper well if the facility has
a large volume of utensils, sufficient to run full dishwasher loads.

Savings Potential — Dipper Wells

During the course of a 12-hour operating day at a typical ice cream shop, dipper
wells can consume 300 to 700 gallons of water, or a maximum of 110,000 to
260,000 gallons per year. Water savings can be achieved by retrofitting the
dipper well faucet to reduce the flow rate or by replacing a dipper well faucet
with a metered faucet or an Energy Star® qualified commercial under-counter
dishwasher. Installing a flow-restricting device to reduce the water flow of a
dipper well can result in water savings between 50,000 and 180,000 gallons per
dipper well per year.

To estimate facility-specific water savings and Payback, use the following
information:

Dipper Well Retrofit with In-Line Flow Restrictor

Current Water Use
Identify the following information and use Equation 7.11 below to estimate the
water use of an existing dipper well:

e Flow rate of the existing dipper well. Most dipper wells have flow
rates between 0.5 and 1.0 gpm.”* Measuring the actual flow rate is a
fairly simple task that can be accomplished in a very short time.

o Auverage specific dipper well operating hours per day.

o Days of facility operation per year.

Equation 7.11

Water Use of a Dipper Well (gallons/year) = Flow Rate (gpm)
X Daily Use Time (minutes/day) X Days of Operation per Year (days/year)

Water Use After Retrofit

Use Equation 7.11 and substitute the flow rate of the retrofit for the flow rate of
the existing dipper well to estimate the water use after retrofitting an existing

© USEPA. n.d.a.
" East Bay Municipal Utility District. 2008. Watersmart Guidebook—A Water-Use Efficiency Plan
Review Guide for New Businesses. Pages FOOD8-FOOD?9.
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dipper well with an in-line flow restrictor. An efficient retrofit in-line flow
restrictor should provide a maximum flow rate of 0.3 gpm.

Water Savings

Determine the expected water savings by subtracting the water use after retrofit
from the current water use.

Payback

Identify the following information and use Equation 7.12 below to calculate the
simple Payback from retrofitting an existing dipper well:

e Equipment and installation cost of the retrofit in-line flow restrictor.
e Water use as calculated above.
o Facility-specific cost of water and wastewater.

Equation 7.12

Payback (years) = Equipment and Installation Cost ($) /
[Water Savings (gallons/year) X Cost of Water and Wastewater ($/gallon)]

Dipper Well Replacement with Metering Faucet

Though retrofitting an existing dipper well with a flow restrictor is likely the
most cost-effective choice for a facility, significant water savings may also be
achieved by replacing a dipper well faucet with a metering faucet.

Current Water Use

Use Equation 7.11 to estimate the current water use of an existing dipper well.

Water Use After Replacement with Metered Faucet
Use of metered faucets identify the following information and use Equation 7.13
below to estimate the water use after replacing an existing dipper well with a
push-button:

o Flow rate of the metering faucet [in gallons per cycle (gpc)]

e Average cycles used per hour

e Average operating hours per day of the facility

e Days of facility operation per year
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Equation 7.13

Water Use of a Metering Faucet (gallons/year) = Flow Rate per Cycle (gallons/cycle)
X Use per Hour (cycles/hour) X Daily Use Time (hours/day)
X Days of Operation per Year (days/year)

Water Savings
Determine the expected water savings by subtracting the water use after faucet
replacement from the current water use.

Payback

Use a similar equation as 7.12 to calculate the simple Payback from replacing an
existing dipper well with a push-button, metered faucet, and substitute the cost of
replacing the existing faucet with a new metering faucet for the cost of the in-line
flow restrictor.

Dipper Well Replacement with Energy Star® Qualified Commercial
Dishwasher

Though retrofitting an existing dipper well with a flow restrictor is likely the
most cost-effective choice for a facility, significant water savings may also be
achieved by replacing a dipper well with an Energy Star® qualified commercial
under-counter dishwasher and altering the practices of those individuals
responsible for utensils.

Current Water Use

Use a similar equation as 7.11 to estimate the current water use of an existing
dipper well.

Water Use After Replacement with Energy Star® Dishwasher

Identify the following information and use Equation 7.15 below to estimate the
water use after replacing an existing dipper well with an Energy Star® qualified
commercial under counter dishwasher:

e Water use per rack washed. A high-temperature, Energy Star®
qualified commercial under-counter dishwasher uses 1.0 gallons per
rack or less. A low-temperature model uses 1.7 gallons per rack or
less.”

e  Average estimate of racks washed per day.

o Days of facility operation per year.

Equation 7.14

Water Use of an Energy Star® Qualified Commercial Under-Counter Dishwasher (gallons/year) =
Water Use per Rack (gallons/rack) X Racks Washed per Day (racks/day)

"2 USEPA. n.d.b.
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X Days of Operation per Year (days/year)

Water Savings

Determine the expected water savings by subtracting the water use after
dishwasher installation from the current water use.

Payback

Use Equation 7.12 to calculate the simple Payback from replacing an existing
dipper well with an Energy Star® qualified commercial under counter
dishwasher, and substitute the cost of installing an Energy Star® qualified
dishwasher for the cost of the in-line flow restrictor. Purchasing and installing a
new Energy Star® qualified commercial under-counter dishwasher can cost
approximately $6,000."

7.1.1.7 Combination Ovens

Overview — Combination Ovens

Combination ovens help keep food from drying out while baking or roasting.
They combine three modes of cooking into one oven: steam mode, circulated hot
air (dry heat) mode, or a combination of both (combi-mode). The steam mode is
used for rapid cooking of food items such as vegetables and shellfish. The
circulated hot air mode operates in the same manner as a typical convection oven
and is traditionally used for roasting meats or baking. The combi-mode is used to
reheat, roast, bake, or oven-fry foods. Steam and combi-modes require generation
of steam, an energy and water-intensive process.

Types of Equipment — Combination Ovens

Both gas and electric models are available in several configurations: one mode
uses a boiler that produces steam, which is injected into the oven chamber; others
achieve high humidity with sprays; and, some models have closed systems that
recondense steam to achieve higher energy and water savings. The cooking
capacity of a typical oven is substantial: one six-pan model can cook as many as
32 chickens at a time.”* The amount of water used by a combination oven is
primarily dictated by whether it is boiler-based or connectionless (without a
central boiler connection).

Boiler-Based

Typical boiler-based combination ovens are connected to a boiler system that
supplies the steam. These systems waste large amounts of water because they
require a continuous stream of tempering water to cool the condensed steam
before disposal down the drain. They may also supply steam regardless of
whether the oven is in operation.

3 USEPA. n.d.c.
4 Sorensen G. 2006. Ra