
OWSO6R07a.qxd  3/10/10  12:17 PM  Page 1 (2,1)

 

Co-published by 

Energy Efficiency in Value Engineering: 
Barriers and Pathways 

Operations Optimization 



 
 

  
  

 
 

 
 

 
 

  
 

 
 

 
  

 
 

 
 
 
 

 

 
  

 OWSO6R07a 

ENERGY EFFICIENCY IN
 

VALUE ENGINEERING:
 
BARRIERS AND PATHWAYS
 

by: 

Joseph C. Cantwell, P.E.
 
William R. King
 

Robert T. Lorand, P.E.
 
Science Applications International Corporation 

Robert C. Ganley, P.E.
 
Nathyn M. Knipe, P.E.
 

David I. Page
 
O’Brien & Gere 

2010
 



  

  

   
   

  
  

       
 

 
 

  
    

          
 

   
 

 
 

 
  

 
   

 
 

                  
 

   
   

   
   

 
  

   
  

   
  

   
  

    
   

 
  

  
    

    
    

  
 

 
  

  
 

 

  
The Water Environment Research Foundation, a not-for-profit organization, funds and manages water quality 
research for its subscribers through a diverse public-private partnership between municipal utilities, corporations, 
academia, industry, and the federal government. WERF subscribers include municipal and regional water and 
wastewater utilities, industrial corporations, environmental engineering firms, and others that share a commitment to 
cost-effective water quality solutions. WERF is dedicated to advancing science and technology addressing water 
quality issues as they impact water resources, the atmosphere, the lands, and quality of life. 

For more information, contact: 
Water Environment Research Foundation 
635 Slaters Lane, Suite G-110 Alexandria, VA 22314-1177 
Tel: (703) 684-2470 Fax: (703) 299-0742 www.werf.org werf@werf.org 

This report was co-published by the following organization. 

IWA Publishing 
Alliance House, 12 Caxton Street 
London SW1H 0QS, United Kingdom 
Tel: +44 (0) 20 7654 5500  Fax: +44 (0) 20 7654 5555  www.iwapublishing.com   publications@iwap.co.uk 

© Copyright 2010 by the Water Environment Research Foundation. All rights reserved. Permission to copy must be 
obtained from the Water Environment Research Foundation. 
Printed in the United States of America 
IWAP ISBN: 978-1-84339-391-7/1-84339-391-3 

This report was prepared by the organization(s) listed below in the course of performing work contracted for and 
sponsored by the Water Environment Research Foundation (WERF) and the New York State Energy Research and 
Development Authority (hereafter the "Sponsors"). The opinions expressed in this report do not necessarily reflect 
those of the Sponsors, members of WERF, the organization(s) named below, nor any person acting on their behalf or 
the State of New York, and reference to any specific product, service, apparatus, process, or method does not 
constitute an implied or expressed recommendation or endorsement of it. Further, the Sponsors, members of WERF, 
the organization(s) named below, nor any person acting on their behalf and the State of New York make no 
warranties or representations, expressed or implied, as to the fitness for particular purpose or merchantability of any 
product, apparatus, or service, or the usefulness, completeness, or accuracy of any processes, apparatus, methods, or 
other information contained, described, disclosed, or referred to in this report. The Sponsors, members of WERF, 
the organization(s) named below, nor any person acting on their behalf, and the State of New York make no 
representation that the use of any product, apparatus, process, method, or other information will not infringe 
privately owned rights and will assume no liability for any loss, injury, or damage resulting from, or occurring in 
connection with, the use of information contained, described, disclosed, or referred to in this report. 

Science Applications International Corporation, O’Brien & Gere 

The research on which this report is based was developed, in part, by the United States Environmental Protection 
Agency (EPA) through Cooperative Agreement No. CR83155901-2 with the Water Environment Research 
Foundation (WERF). However, the views expressed in this document are not necessarily those of the EPA and 
EPA does not endorse any products or commercial services mentioned in this publication. This report is a 
publication of WERF, not EPA. Funds awarded under the Cooperative Agreement cited above were not used 
for editorial services, reproduction, printing, or distribution. 

This document was reviewed by a panel of independent experts selected by WERF. Mention of trade names or 
commercial products or services does not constitute endorsement or recommendations for use. Similarly, omission 
of products or trade names indicates nothing concerning WERF's or EPA's positions regarding product effectiveness 
or applicability. 

ii 

mailto:publications@iwap.co.uk
http:www.iwapublishing.com
mailto:werf@werf.org
http:www.werf.org


  

 

 

   
   

 
  

 
  

 
  
  
  

 
 

  
  

  
 

 
 

 
 

 
 

  
  

 
  

 

  
  

 
  

 
 

 
 

 

ACKNOWLEDGMENTS  

This project was conducted as part of the Operations Optimization Challenge. Under this 
Challenge, WERF funded projects that assist wastewater engineers, designers, operators, or other 
practitioners in achieving a significant improvement in wastewater or solids treatment operations 
through economically and environmentally responsible process optimizations for energy, cost, or 
environmental footprint in a carbon-constrained world. The New York State Energy Research 
and Development Authority (NYSERDA) co-sponsored this report. 

Research Team 
Principal Investigator: 
Joseph C. Cantwell, P.E. 
Science Applications International Corporation 

Project Team: 
William R. King
 
Robert T. Lorand, P.E.
 
Science Applications International Corporation 

Robert C. Ganley, P.E. 

Nathyn M. Knipe, P.E. 

David I. Page
 
O’Brien & Gere 

Technical Review Committee 
Robert K. Bastian 
U.S. Environmental Protection Agency 
George V. Crawford, P. Eng. 
CH2M HILL 
Kathleen O’Connor, P.E. 
New York State Energy Research and Development Authority 
Amit Pramanik, Ph.D. P.E. 
Water Environment Research Foundation 
Matt Ries 
Water Environment Federation 

Optimization Challenge Issue Area Team 
John Barber, Ph.D. 
Eastman Chemical 
Shahid Chaudhry 
California Energy Commission 
Stephen Constable, P.E. 
DuPont Engineering Technology 

Energy Efficiency in Value Engineering: Barriers and Pathways iii 



  

 
 

   
 

 
 

 

 
 

 

 

 
 

 
 

 
 

 

 

 
 

 
 

 
 

  
 

  
 

 

David Cooley
 
Hampton Roads Sanitation District (HRSD)
 

Glen Daigger, Ph.D., P.E. 

CH2M HILL 
Robert F. Kelly 
Infilco Degremont, Inc.
 
Melanie S. Masek, P.E.
 
DuPont Engineering Research & Technology
 

Arthur J. Meyers, Jr., Ph.D. 
Retired 
Hsiao-Ting Ong, P.E. 
City of San Jose 
Ali Oskouie, Ph.D. 
Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) 
Steven M. Rogowski, P.E. 
Metro Wastewater Reclamation District of Denver 
Gary Shimp 
Black and Veatch 
Rob Simm, Ph.D. 
Stantec Consulting, Inc. 
David W. Tucker 
City of San Jose 
Dariush Vosooghi, Ph.D., P.E. 
City of Los Angeles 
Milind Wable, Ph.D., P.E. 
CDM 
James Wheeler, P.E. 
U.S. Environmental Protection Agency 
John Willis, P.E. 
Brown and Caldwell 

Water Environment Research Foundation Staff 
Director of Research: Daniel M. Woltering, Ph.D.  

Program Director: Lauren Fillmore, M.S. 


iv 



  

 
 
 

 
 

 
 

  

  
  

  
  

  

 
 

 
 

 

 
  

  
    

   
   

  
 

 

   
 

 

  

ABSTRACT AND BENEFITS  

Abstract: 
Value engineering is a technique that wastewater treatment facilities (WWTFs) currently 

use, when required, to analyze cost reduction and performance optimization opportunities. The 
research explores the potential to address energy efficiency during value engineering analyses of 
WWTFs. The research identifies the Society of American Value Engineers (SAVE) International 
as the primary value engineering standards and certification organization and shows the six-step 
SAVE process for conducting value engineering analyses. A survey of WWTFs identifies four 
WWTFs that conduct value engineering analyses using the SAVE process. Then, the research 
reviews the analyses to determine their effectiveness in addressing process energy efficiency 
opportunities. While the SAVE value engineering process does not require identification of 
energy efficiency opportunities, the analyses conducted by the WWTFs do identify such 
opportunities. Based on survey results, WWTFs only conduct value engineering analyses when 
required, primarily because of the cost and time commitment. The research presents barriers to 
conducting value engineering analyses and discusses possible mitigation pathways. Pathways 
include 1) steps the State Revolving Fund can take, 2) development of a national value 
engineering standard that regulatory agencies can incorporate into wastewater system design 
requirements, and 3) development of WWTF-oriented energy efficiency training materials to add 
to SAVE’s value engineer certification training. 

Benefits: 
 Documents WWTFs’ current use of value engineering only when required by regulatory 

organizations and presents possible pathways to promote this practice for energy efficiency. 
 Documents that WWTFs identify energy efficiency opportunities during value engineering 

analyses, though energy efficiency is not the focus of value engineering analysis. 
 Presents a pathway through SAVE to add WWTF-oriented energy efficiency training 

materials to their value engineer certification training. 
 Discusses a pathway to promote wastewater system value engineering through a national 

standard. 

Keywords: SAVE International, wastewater treatment facility, national standard, energy 
efficiency. 
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EXECUTIVE SUMMARY
 

Lawrence D. Miles developed value engineering, also referred to as value analysis, while 
at General Electric in the early 1940s. A value engineering analysis is a defined process for 
improving the value of a project. Project value is improved when the amount of “resources” 
needed to perform a “function” is reduced. For instance, if a function is to “aerate water”, then 
resources allocated to perform the function are capital, operation (including energy), and 
maintenance costs. A value engineering analysis identifies alternatives that reduce the resources 
(i.e., capital, operation [including energy], and maintenance costs) needed to perform aeration. 

This value engineering practice study explores approaches to value engineering, 
identifying the six-step process developed by the Society of American Value Engineers (SAVE) 
International as the standard for evaluating value engineering analyses. 

The study provides examples of the current use of value engineering in wastewater 
treatment facility (WWTF) projects. The study team identified municipalities that performed 
value engineering analyses as part of WWTF construction planning. The team found that 
municipalities tend to perform informal value engineering analyses that do not involve a SAVE 
Certified Value Specialist (CVS) and do not include the time and cost of the six-step SAVE 
value engineering process. While seven of the contacted municipalities performed value 
engineering analyses on past wastewater projects, only three followed the SAVE value 
engineering process. Projects that conducted a formal SAVE value engineering effort are 
generally larger in magnitude (i.e., $10 million or more) or are subject to a funding agency value 
engineering analysis requirement. For instance, the United States Environmental Protection 
Agency (EPA) requires value engineering analysis for WWTF projects greater than or equal to 
$10 million estimated construction cost (excluding sewers) receiving financial support in the 
form of EPA direct grants. EPA does not require that such analyses address energy efficiency. 

The study analyzes the effectiveness of current value engineering studies in defining 
potential cost savings from implementing technology alternatives that increase treatment process 
energy efficiency. None of the municipalities contacted indicated specific value engineering 
activities focused on energy aspects. However, value engineering analyses conducted by the 
three municipalities that followed the SAVE value engineering process did identify energy-
efficient alternatives (i.e., monitoring power, using premium efficiency motors, designing to use 
gravity feed versus pumping, implementing a biogas-fired boiler to reduce fuel costs, and 
designing two digester gas-fired engine-driven generators to match current loads rather than 20-
year peak loads). Although VE does not specifically address energy efficiency in its approach, 
the VE assessment process often resulted in energy efficiency modifications to the planned 
design. 

The study explores market transformation concepts, such as requirements for VE which 
apply to large projects receiving government funding, as a way to advance value engineering as a 
means to identify opportunities to increase wastewater treatment system energy efficiency. 
Secondarily, the study shows that value engineering analyses also identified cost savings 
opportunities for energy procurement (e.g., combined heat and power [CHP] and biogas 
production). Professional organizations, such as the Water Environment Federation (WEF), can 
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play a role in advancing value engineering with a focus on energy efficiency within the 
wastewater treatment community. Additionally, the study recommends incorporating value 
engineering into a national standard related to WWTF construction. 

The study discusses the barriers to implementing value engineering analyses that focus on 
wastewater process energy reduction opportunities (e.g., cost of implementing the SAVE 
analysis, lack of a requirement to perform analysis, or no specific focus in value engineering on 
identifying energy reduction alternatives). Additionally, no national WWTF design guideline 
exists that could serve as a platform on which to incorporate value engineering with respect to 
wastewater process energy reduction. The study suggests a national design guideline as a 
pathway to implementing value engineering with a focus on energy reduction. 
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CHAPTER 1.0 

INTRODUCTION 

1.1 What Is Value Engineering Practice?
 

Value engineering is a technique in which the value of a system is increased by 
optimizing the mix of performance (function) and costs. In most applications, this practice 
identifies and removes unnecessary expenditures, thereby increasing the value of a product or 
structure. 

While at General Electric in the early 1940s, Lawrence D. Miles developed value 
engineering, also referred to as value analysis, to manage production under material shortages 
faced during World War II.1 Value engineering analysis is a process for improving the value of a 
project by reducing the amount of resources needed to perform a function.2  For instance, if a 
function is to aerate water, then resources allocated to perform the function are capital, operation 
(including energy), and maintenance costs. A value engineering analysis identifies alternatives 
that reduce these resources needed to perform aeration. 

1.1.1 How Does the Wastewater Sector Use Value Engineering?
SAVE International maintains that the use of value engineering improves the 

environment by providing a framework for infrastructure that provides environmental services, 
such as the domestic wastewater utility sector, to deliver safe, effective solutions that are also 
cost effective. Value engineering can achieve those objectives during the design of WWTFs. In 
fact, U.S. Office of Management and Budget Circular A-131 requires the use of value 
engineering for wastewater treatment projects that cost more than $10 million. SAVE claims that 
value engineering during project design produces the following results: 

 Quick, creative, effective solutions 
 Optimized environmental impact 
 Maximized resources 
 Optimized construction expenditures 
 Lower life-cycle costs 
 Alternative technology discoveries. 

1.1.2 Overview of Energy Use by the Wastewater Utility Sector 
Energy costs for wastewater system operations are a major portion of a utility’s operating 

budget. Currently, facilities that manage domestic wastewater in centralized conveyance and 
treatment systems are an energy-demanding sector. Energy use accounts for about 35% of a 
WWTF’s total cost to provide wastewater service, second only to labor costs. In certain 
municipalities, the wastewater treatment and collection system is the greatest user of electric 
energy of any local government service. The Electric Power Research Institute estimates that 

1 SAVE International, “Value Standard and Body of Knowledge,” http://www.value-eng.org/pdf_docs/
 
monographs/vmstd.pdf, June 2007, p. 7.

2 ibid., p. 8.
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domestic wastewater treatment and conveyance use 3% of the entire electrical energy produced 
in the United States.3 

According to estimates published by U.S. EPA in the Inventory of U.S. Greenhouse Gas 
Emissions and Sinks,4 the domestic wastewater sector is a significant greenhouse gas emitting 
sector, exceeded only by a few other activities, such as fossil fuel combustion, and by a few 
commercial industries, such as agriculture, iron and steel manufacturing, and the cement 
industry. The design of energy-efficient wastewater infrastructure is important to reducing the 
carbon footprint of wastewater treatment operations for any city or local government. 

Wastewater managers have found that energy management can complement water quality 
objectives when facilities use efficient design and cost-effective products and processes. 
Wastewater utilities benefit from shorter payback periods, and, as public infrastructure, they 
have a financial commitment for long-term viability available through value engineering applied 
to new projects. 

1.2 Energy Efficiency and Wastewater Facility Design 
This value engineering practice study explores the potential to address energy efficiency 

in value engineering as applied during wastewater infrastructure projects, providing examples of 
current use of value engineering in WWTF projects. The study analyzes the effectiveness of 
current value engineering studies in identifying opportunities to increase treatment process 
energy efficiency. Secondarily, the study shows that value engineering analyses also identified 
cost savings opportunities for energy procurement (e.g., CHP and biogas production). It 
addresses barriers and pathways to implement value engineering and to achieve an associated 
reduction in wastewater process energy. The study explores market transformation concepts to 
advance value engineering as a means to identify opportunities to increase wastewater treatment 
system energy efficiency. The study presents a concept for incorporating value engineering into a 
national standard related to wastewater system construction. Also presented is a concept for 
professional organizations that promote standard practices, like the Water Environment 
Federation (WEF) to work with a national value engineering advocacy organization to play a role 
in advancing value engineering with a focus on energy efficiency within the wastewater 
community. 

3 Electric Power Research Institute, Quality Energy Efficient Retrofits for Wastewater Systems, 1998. CR109081. 
4 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Emissions and Sinks (EPA 430-R-07-002), 
April 2007. 
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CHAPTER 2.0 

OBJECTIVES AND APPROACH 

Building on the professional practice of value analysis and the widely known benefits of 
value methodology, this study promotes the practice of value methodology in the domestic 
wastewater sector by demonstrating the benefit of energy reduction, and it seeks to improve the 
practice of value analysis in the area of energy management for wastewater utilities. In the 
United States, municipal WWTFs typically undergo major upgrades or expansions in a life cycle 
of approximately 30 years. As such, opportunities for incorporating energy-efficient systems into 
a plant’s infrastructure best occur during the planning, design, and construction. 

The overall objectives of this study are to: 1) develop WWTF-specific energy 
management information that can be incorporated into value engineering practice and 2) promote 
adoption among organizations specifying value engineering in WWTF design. 

Supporting these objectives, this study: 1) identifies and evaluates professional 
organizations involved in promoting value engineering and in certifying value engineering 
practitioners and WWTF projects, 2) identifies WWTF value engineering projects and evaluates 
their effectiveness in relation to treatment process energy efficiency, 3) addresses market 
transformation concepts to facilitate use of value engineering within the WWTF community, and 
4) evaluates the feasibility of establishing a national standard to promote WWTF value 
engineering, including implementation barriers and pathways. 
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CHAPTER 3.0 

VALUE ENGINEERING INFORMATION SOURCES 

Study participants collected information on value engineering practices from value 
engineering professional organizations, the U.S. EPA, and municipal wastewater treatment 
organizations that have used value engineering techniques. Then, they used these sources to 
define the elements of a value engineering analysis. The study team used the U.S. EPA source 
because the agency requires value engineering analysis for wastewater projects greater than $10 
million that are funded with U.S. EPA direct grants. 

3.1 Value Engineering Professional Organizations 
The following paragraphs discuss the objectives and methodologies of two organizations 

that have promoted value engineering – SAVE International and Lawrence Delos Miles Value 
Foundation (MVF). 

SAVE International – SAVE International, the primary value engineering standards and 
certification organization, offers a program to certify engineers as a Certified Value Specialist 
(CVS), Associate Value Specialist (AVS), or Value Methodology Practitioner (VMP). SAVE 
developed the following six-step value engineering process:5 

Information Phase – Achieve a better understanding of the project goals and objectives. The 
team obtains and distributes project information to identify and prioritize issues of concern and 
to develop the study schedule. During this phase, the team defines project scope, schedule, 
budget, costs, risks, and non-monetary performance objectives and identifies high-level project 
functions and success parameters. 

Function Analysis Phase – Develop a better understanding of what the project must do from a 
functional perspective. The team identifies project functions and develops function models that 
are dimensioned with cost drivers, performance attributes, and user attitudes to estimate function 
worth. This phase focuses the team on validating that the project satisfies the client’s objectives. 
The team identifies value-mismatched functions on which to focus to improve the project. 

Creative Phase – Brainstorm to identify better ways to meet project functions and generate ideas 
that may improve value. 

Evaluation Phase – Select the best ideas from the Creative phase for further development. To 
initiate this process, the team categorizes ideas based on the way that they affect project cost and 
performance. 

Development Phase – Develop the best ideas into value alternatives. Value alternatives consist 
of written information needed to convey the concept, including cost-benefit analyses, sketches, 
implementation steps, relative dates, and responsibilities. 

5 Documentation for the SAVE value engineering process appears in “Value Standard and Body of Knowledge”, 
SAVE International, http://www.value-eng.org/pdf_docs/monographs/vmstd.pdf, June 2007. 
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Presentation Phase – Present and discuss value engineering recommendations. The team 
compares study conclusions to the success requirements established during the Information and 
Function Analysis phases, outlines an anticipated implementation plan, and prepares a formal 
report. 

Lawrence Delos MVF – Founded by Lawrence Miles, considered to be the founder of value 
analysis (i.e., value engineering), MVF is a non-profit public foundation that promotes teaching 
of value methodology at the university level, promotes public awareness through publications 
and multimedia, and encourages research and development through scholarship and grant 
programs. With an academic and public awareness focus, MVF has marginal involvement with 
the professional world; however, MVF uses SAVE in various projects. 

3.2 Information from Value Engineering Practitioners 
The following information provides examples of federal and municipal authorities’ 

practices in implementing value engineering analyses. In both cases, the SAVE value 
engineering process is the evaluation standard. 

3.2.1 United States Environmental Protection Agency 
The EPA requires value engineering analysis for wastewater projects greater than or 

equal to $10 million estimated construction cost (excluding sewers) that are receiving financial 
support in the form of EPA direct grants.6 EPA does not require that such analyses address 
energy efficiency. Requirements for specific value engineering analysis content, such as 
addressing energy efficiency, must come from a state authority, such as the New York State 
Energy Research and Development Authority (NYSERDA).7 

3.2.2 Municipalities 
The study team identified 14 municipalities to identify which conduct value engineering 

analyses as part of wastewater system upgrade planning. The team selected municipalities for 
follow-up using the following criteria: 

 Selection in New York and other states based on working relationships with the WWTF 
 Identification of the WWTF by EPA as installing a CHP system 

(http://www.epa.gov/CHP/documents/chp_wwtf_opportunities.pdf). 

Seven of the municipalities had performed value engineering analyses on past wastewater 
projects (Table 3-1). The team compared these analyses to the value engineering standard 
evaluation process defined by SAVE International (Table 3-2). Three of the seven municipalities 
followed the SAVE International six-phase value engineering process, including use of a SAVE 
CVS. One municipality used the SAVE six-phase value engineering process but did not use a 
SAVE CVS. The other three municipalities performed informal value engineering analyses. 

Based on conversations with the municipalities, projects that employ value engineering 
analyses share the following characteristics: 

6 EPA Construction Grant Regulations, Section 35.926 (Value Engineering), http://ecfr.gpoaccess.gov/ 
cgi/t/text/text-idx?c=ecfr&sid=ae66b29c76b73fd38ee9aa0f93fb5a3e&rgn=div8&view=text&node 
=40:1.0.1.2.32.4.142.63&idno=40, October 2009. The value engineering requirement under this section became 
mandatory in 1976.
7 Telecommunication between Joe Cantwell (Science Applications International Corporation [SAIC]) and James 
Wheeler, P.E., DEE Associate Branch Chief, EPA Office of Wastewater Management, Municipal Technology 
Branch, October 2008. 
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 The majority of projects undertaken by the municipal utilities conduct informal value 
engineering that does not involve a SAVE CVS. Usually, the project design engineers are 
instructed to be cognizant of value engineering during the design phase. 

 Projects that have conducted a formal value engineering effort are generally larger in 
magnitude (i.e., $10 million or more) or are subject to a funding agency value engineering 
analysis requirement. 

 None of the municipalities indicated specific value engineering activities focused on energy 
aspects. 

Following are comments on the degree to which certain municipal funding agencies require 
value engineering and require emphasis on energy efficiency in the value engineering analysis: 

New York State Environmental Facilities Corporation (EFC) – EFC is the funding arm of the 
New York State Department of Environmental Conservation (DEC). The New York State 
governor’s call for reducing energy demand has brought the New York State Department of 
Health, the DEC, and NYSERDA together to jointly promote the design, financing, and 
construction of energy-efficient and sustainable treatment facilities.8 EFC is now considering a 
requirement for a comprehensive energy-efficiency measures evaluation for future major 
treatment facility upgrades. Application of value engineering practices, either formally or 
informally, likely would benefit these evaluations. Introduction of such requirements is in early 
stages of discussion at EFC.9  Starting with current funding applications, however, consideration 
of energy efficiency will be expected in all facilities’ plans or engineering reports. Future 
applications may require more formal documentation of energy-efficiency considerations in 
project planning. 

Village of Essex Junction Wastewater Treatment Facility10 – This project did not involve a 
formal value engineering effort because of the emerging and rapidly changing CHP technology 
and the way the project was bid. Bidders supplied performance data and recurring operation and 
maintenance (O&M) frequency and costs. Essex Junction entered all proposals into a model and 
evaluated life-cycle costs. The facility performed some value engineering through the various 
submittal stages; however, it did not use the SAVE value engineering methodology. Its approach 
was effective for the facility’s needs. The facility’s governing board required the project to have 
a simple payback of no more than seven years. To satisfy the payback period requirement, the 
facility reduced its funding obligation by obtaining funding from Efficiency Vermont, The 
Biomass Energy Resource Center, NativeEnergy, and the U.S. Department of Energy. 

8 New York State Environmental Facilities Corporation, “New York State Revolving Fund News”, July 2008.

9 O’Brien & Gere telecommunication with Jim Stearns EFC staff engineer, October 2008.

10 O’Brien & Gere telecommunication with Jim Jutras, Water Quality Superintendent, Village of Essex Junction 

WWTF, August 2008.
 

Energy Efficiency in Value Engineering: Barriers and Pathways 3-3 



 

  

  
 

     
 

 
 

 
 

 
 

 

   
 

 

 
  

 
 

  
 
 

 

 
 
 

 
 

  
     

   
    

 
   

  

 
 

 

 
 

 

  
 

 
  

 
   

   
 

 
 

 
 

    
  

 
  

 
  

   
  

 
  

Table 3-1. Survey to Identify Municipalities That Conduct Value Engineering Analyses as Part of Wastewater Treatment Facility Upgrade Planning. 

State Municipality/Agency Contact/Title 
VE 

Performed Value Engineering Study Findings 
VE Analysis Followed SAVE Process; SAVE-Certified Value Specialists Conducted the Analysis 
New York Onondaga 

County/Department of 
Water Environment 
Protection 

Randy Ott/ 
Commissioner 

Yes Wetzel Road Wastewater Treatment Plant and Sawmill Creek Pump Station performed VE 
to construct technically sound, cost-effective pumping and treatment facilities, while 
maximizing utilization of existing assets and minimizing impact on existing operations. VE 
efforts resulted in savings during the construction by reusing portions of the existing 
infrastructure (i.e., seven new buildings instead of the 11 buildings that were in the original 
design). The facility also experienced operational savings by using premium efficiency 
motors, power monitoring, and a boiler that burns biogas and by designing to allow for 
gravity flow, as opposed to pumping, where possible. 

New York New York City/ 
New York City 
Department of 
Environmental Protection 
(NYC DEP) 

Harold Klinsky/ 
Deputy Assistant 
Director, Mayor's 
Office of 
Management & 
Budget 

Yes WWTF projects of more than $30 million must perform one VE study to receive funding 
from the NYC DEPa. NYC DEP can require any project to perform VE if it believes that it is 
necessary. NYC DEP requires projects of more than $80 million to perform two VE studies. 
SAVE CVSs perform all VE studies. New York City is developing guidelines for energy 
management but currently leaves energy management design practices to the discretion of 
the CVS during VE workshops. 

Virginia Mt. Crawford/ 
Harrisonburg-
Rockingham Regional 
Sewer Authority 
(HRRSA) 

Curtis Poe/ 
Executive Director 

Yes HRRSA value-engineered the 30% design for the expansion of the WWTF, which had been 
planned for increased flow and enhanced nutrient removal requirements. VE 
recommendations focused on downsizing the design to save cost, because the design 
incorporated future expanded flows that the facility would not realize for 20 additional years. 
HRRSA made additional structural recommendations that would reduce cost. 

VE Analysis Followed SAVE Process; SAVE-Certified Value Specialists Did Not Conduct the Analysis 
Washington King County Wastewater 

Treatment Division 
Greg Bush/ 
Manager for 
Environmental and 
Community Services 

Yes King County value-engineered an engine generator installation design at its West Point 
Treatment Plant. The study concluded that a cogeneration system using available digester 
gas would cost the plant more over the life of the project because of its existing low electric 
rate, which reduces the economic benefit of self-generation. However, the study 
recommended that King County move forward with construction and installation of the 
previously purchased equipment for the following reasons that improve life-cycle 
economics: 1) the plant can use steam from the cogeneration system in its WWTF 
processes, 2) the system provides a hedge against higher future electric rates, and (3) 
value-engineered modifications to the original design would reduce costs. 
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Conducted Informal Analysis That Incorporated VE Elements; Did Not Use SAVE-Certified Value Specialists 
Massachusetts Town of Dartmouth/ 

Department of Public 
Works, Water Pollution 
Control Division 

Carlos Cardoso/ 
Water Pollution 
Control Manager 

Yes In 1992, a team performed a VE study for the construction of the Dartmouth WWTF; 
unfortunately, these documents are not available. Over the last several years, the facility 
has made improvements in energy efficiency, consisting of the installation of energy 
efficiency lighting and variable frequency motor drives. The Town works with the energy 
utility ENSTAR and takes advantage of incentive programs that help pay for upgrades. 
When performing upgrades, the Dartmouth considers payback periods of two - five years 
acceptable. 

Pennsylvania City of Lancaster/ 
Department of Public 
Works, Wastewater 
Bureau 

Gary Bowers/ 
Plant Supervisor 

Yes The City of Lancaster currently works with Pennsylvania Power and Light to increase 
energy efficiency at the WWTF. When performing facility upgrades, the city bases its 
decisions on cost, performance, future scenarios, available finances, and energy efficiency. 
In deciding the type of process or technology to use, it often considers alternative 
technologies; however, the technology that will fit best with the existing facility weighs 
heavily in the decision-making process. 

Vermont Village of Essex/ 
Essex Junction WWTF 

Jim Jutras/ 
Water Quality 
Superintendent 

Yes Essex Junction performed a CHP upgrade at the village WWTFb. It did not specifically 
value-engineer the CHP installation because the village had incorporated value into its bid 
selection process for the project. The village developed a bid specification that was part 
design/build and part performance. In the bid package, it provided existing conditions and 
performance requirements. Essex Junction asked bidders to respond with design/build 
solutions that would deliver the required heat and power. Bidders had to supply 
performance data and specify recurring O&M costs and O&M frequency. Essex Junction 
WWTF ran proposed costs and performance through its life-cycle cost model. Because the 
proposed CHP upgrade was a retrofit installation, the WWTF did some value engineering 
through the various submittal stages; however, the value engineering analysis was not 
complete. 

Notes : 
a Harold Klinsky, New York City Mayor's Office of Management & Budget, and O’Brien & Gere, conference call, September 17, 2008. 
b Based on e-mail from Jim Jutras, Water Quality Superintendent, Village of Essex/Essex Junction WWTF, Vermont, August 29, 2008. 
c VE stands for value engineering. 
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Table 3-2. Value Engineering in Wastewater Treatment Facility Projects. 

SAVE International Six-Phase Process 

State Municipality/Agency Information 
Function 
Analysis Creative Evaluation Development Presentation 

VE Analysis Followed SAVE Process; SAVE-Certified Value Specialists Conducted the Analysis 

New York Onondaga County/ 
Department of Water 
Environment Protection 

● ● ● ● ● ● 

New York New York City/ 
NYC DEP 

● ● ● ● ● ● 

Virginia Mt. Crawford/ 
HRRSA 

● ● ● ● ● ● 

VE Analysis Followed SAVE Process; SAVE-Certified Value Specialists Did Not Conduct the Analysis 

Washington Seattle/King County 
Wastewater Treatment 
Division 

● ● ● ● ● ● 

Conducted Informal Analysis That Incorporated VE Elements; Did Not Use SAVE-Certified Value Specialists 

Massachusetts Town of Dartmouth/ 
Department of Public 
Works, Water Pollution 
Control Division 

● ● ● 

Pennsylvania City of Lancaster/ 
Department of Public 
Works, Wastewater Bureau 

● ● ● 

Vermont Essex Junction WWTF ● ● 

Note: VE stands for value engineering. 
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CHAPTER 4.0 

WASTEWATER TREATMENT FACILITY PROJECTS 
EMPLOYING VALUE ENGINEERING 

In Section 3.2.2, this study identifies four recent major WWTF projects that followed the 
SAVE value engineering process as part of the municipal WWTF projects survey. CVSs 
conducted three of these value engineering analyses following all steps in the SAVE process. 
The value engineering analysis conducted in King County followed the SAVE process, but a 
CVS did not conduct the analysis. This section discusses the objectives and findings of the 
SAVE analyses performed at three of these sites. Value engineering analysis information is not 
available for the NYC DEP project. 

4.1 New York – Onondaga County/Department of Water Environment Protection 
When this project began, the 3.5 MGD Wetzel Road Wastewater Treatment Plant and the 

Sawmill Creek Pump Station had been in operation more than 30 years and were rapidly 
approaching the end of their useful lives. The plant operated at or above its design capacity 
during periods of wet weather. Significant features of this project included: 

 Replaced the existing Sawmill Creek Pumping Station. 
 Upgraded the existing Wetzel Road Wastewater Treatment Plant (doubling the treatment 

capacity, while complying with new and more stringent effluent requirements). 
 Maximized utilization of existing treatment plant assets. 
 Designed technically sound, cost-effective pumping and treatment facilities. 
 Participated in the value engineering process to maximize the county’s return on investment, 

while achieving goals and objectives. 
 Designed new and upgraded facilities to fit within the existing tight site and to protect the 

surrounding wooded wetlands. 
 Maintained treatment operations and effluent water quality during construction. 

Project Objectives – The county's goal for this project was to construct technically sound, life-
cycle cost-effective pumping and treatment facilities, while maximizing utilization of existing 
assets and minimizing the impact on existing operations (i.e., preserve water quality). 

Value Engineering Findings Summary – The value engineering efforts resulted in savings 
during construction by reusing portions of the existing infrastructure (i.e., seven new buildings 
instead of the 11 buildings that were in the original design). The project also experienced 
operational savings by using premium efficiency motors, power monitoring, and a boiler that 
burns biogas and by designing to allow for gravity flow, where possible, as opposed to pumping. 

Energy Efficiency in Value Engineering: Barriers and Pathways 4-1 



 

  

    
 

 
  

  

 

 
   

  
    

  
    

  
    

   

 

 
  

 
   

    
 

 
 

  
  

 
 

   
 

 
  

4.2 Virginia – Mt. Crawford/HRRSA 
HRRSA value-engineered the 30% design for the expansion of the WWTF, which had 

been planned for increased flow and enhanced nutrient removal requirements. The team used the 
six-phase value engineering job plan to guide its deliberations. 

Project Objectives – HRRSA engaged in the value engineering study with the goal of 
identifying alternatives that would allow it to meet its Virginia Pollutant Discharge Elimination 
System (VPDES) permit requirements more cost-effectively. 

Value Engineering Findings Summary – The study presented several alternatives to save 
project costs. Value engineering recommendations focused on downsizing the design to save cost 
because the design incorporated future expanded flows that the facility would not realize for 20 
additional years. HRRSA made additional structural recommendations that would reduce cost. 

4.3 Seattle/King County, Washington 
King County value-engineered an engine generator installation design at its West Point 

Treatment Facility. The value engineering began after King County had already entered into a 
purchase agreement for two engine generators and related equipment and had a natural gas line 
installed to serve as a backup fuel source for the engine generators. 

Project Objectives – The county conducted value engineering because bids for the construction 
and installation of two 2.3 MW Caterpillar Model 3612 engine-driven generators came in 
significantly higher than the original engineer’s estimate of probable costs. 

Value Engineering Findings Summary – The county completed work on this project through a 
series of steps that deviated from SAVE International’s six-phase process. However, its approach 
comprehensively included the same methodology. Initially, the project team defined seven 
alternatives to be developed and considered in the study. Next, a project team conducted a survey 
to develop and prioritize evaluation criteria. Subsequently, the team applied the criteria to 
eliminate five of the seven alternatives. The team then developed the two remaining alternatives 
to a conceptual design level and quantified full life-cycle costs to enable a cost comparison and a 
final recommendation. 

The study identified several areas of the original design that the county could modify to 
reduce project costs. Initially, the study concluded that a cogeneration system using available 
digester gas would add cost to the treatment facility over the life of the project, in part because 
the low King County electricity rate reduced the economic benefit of self-generation. However, 
the study recommended that King County move forward with construction and installation of the 
previously purchased equipment for the following reasons that improve life-cycle economics: 
1) the facility can use steam from the cogeneration system in WWTF processes, 2) the system 
provides a hedge against higher future electric rates, and 3) value-engineered modifications to 
the original design would reduce costs. 
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CHAPTER 5.0 

VALUE ENGINEERING’S EFFECTIVENESS IN 

ADDRESSING PROCESS ENERGY EFFICIENCY IN 

WASTEWATER TREATMENT FACILITY PROJECTS
 

The following paragraphs evaluate the effectiveness of the three value engineering 
projects discussed in Chapter 4.0 in relation to treatment process energy efficiency. 

5.1 New York – Onondaga County/Department of Water Environment Protection 
Value engineering identified the following projects to improve energy efficiency at the 

WWTF site: power monitoring, premium efficiency motors, and designing to use gravity feed 
versus pumping. Additionally, the biogas-fired boiler exemplifies fuel-switching to reduce fuel 
costs. 

5.2 Virginia – Mt. Crawford/HRRSA 
This value engineering study recommended downsizing the design to match current 

loads, rather than 20-year peak loads. The implication is that the facility would scale up WWTF 
systems in the future, as merited by load growth. This design approach results in near-term 
energy savings. 

5.3 King County, Washington 
The West Point Treatment Facility value engineering study was effective in reducing the 

costs associated with construction and installation of two engine-driven generators for beneficial 
use of digester gas. The team addressed energy efficiency throughout the project. The project 
team identified the following criteria, including energy efficiency and digester gas, to evaluate 
utilization technology opportunities. The percentages, indicating criterion priority, represent the 
percentage of the survey audience that felt a specific criterion was important: 

Proven and reliable system 100% 

Beneficial use of digester gas 90% 

Schedule impact 90% 

Net revenue versus O&M costs 79% 

Energy efficiency 65% 

Impact on emissions 63%. 
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CHAPTER 6.0 

BARRIERS AND PATHWAYS TO
 

IMPLEMENTING VALUE ENGINEERING
 

WITH ENERGY REDUCTION FOCUS
 

6.1 Barriers
 

Following are barriers in the wastewater sector to implementing value engineering with a 
focus on energy reduction: 

Constrained Budget Barrier. Municipal budgets are constrained and cannot handle the cost of a 
formal value engineering analysis. 

Requirement Barrier. Value engineering analyses are performed usually when required but not 
otherwise. As stated in Section 3.2.2, the study observed that value engineering analysis using 
the six-phase SAVE process usually were required to do so by a funding agency. In particular, 
funding agencies were found to require SAVE value engineering analyses for large projects (i.e., 
more than a $10 million capital investment); value engineering analyses for large projects are 
likely to identify cost savings opportunities that are high enough to increase return on investment 
and to justify the cost of the analysis. 

National Standard Barrier. No nationally recognized wastewater system design guidance is 
uniformly accepted, making it difficult to implement a national standard that would make energy 
reduction and energy recovery a focal point. Several states use the 10 States Standards as 
guidance; other states use TR-16. Some states have their own unique set of guidance documents. 

Value Engineering Lacks Energy Reduction Focus Barrier. The formal value engineering 
process is general in nature and does not state that energy reduction should be a focal point.  

6.2 Pathways 
Following are possible pathways to mitigate barriers to implementing value engineering 

with a focus on energy reduction: 

Constrained Budget Barrier. Principal forgiveness or low interest loans offered by the loan 
agency (i.e., the State Revolving Fund [SRF]) offer creative solutions that could enable 
municipalities to pay for a value engineering analysis out of loan payment savings. Also, value 
engineering is usually performed on large projects (i.e., projects that fall under the EPA rule for 
grants greater than or equal to $10 million), which are most likely to realize the highest savings 
as a result of value engineering recommendations. Principal forgiveness and low interest loans 
generate cost savings for all ranges of project size, making it more likely that smaller projects 
could pay for value engineering analyses. 

Requirement Barrier. Facilities can reduce the requirement barrier as they develop pathways to 
address other barriers. For example, because of cost and time commitment, a facility usually 
performs a formal SAVE value engineering analysis only when required. If a municipality adopts 
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pathways that mitigate the constrained budget barrier, then a value engineering analysis will be 
more affordable to the municipality. Currently, value engineering analyses do not have an energy 
reduction focus unless it is a municipal requirement. Pathways that enhance the energy reduction 
focus (e.g., SAVE’s addressing energy reduction as a focal point in its certification training and 
governing agencies’ implementing a national value engineering standard) should help municipal 
wastewater systems justify value engineering analysis based on financial benefits rather than as a 
requirement. 

National Standard Barrier. Governing agencies should develop and implement a national 
standard that would be available for all states to adopt. Municipalities would be able to include 
these standards in their procurement documentation with little to no incurred cost to them. An 
appropriate venue for disseminating this national standard would be through a nationally 
recognized wastewater organization such as WEF. 

A national standard could include guidance that would identify typical major energy-
intensive processes or equipment at WWTFs (e.g., aeration systems, pumps, mixers, solids 
handling facilities, boilers, and lighting) and suggest the performance of a life-cycle analysis of 
these operations. It could also establish procedures for identifying and evaluating areas where 
system efficiency improvement measures and renewable energy alternatives would be most 
applicable. Examples of these measures include solids stabilization, aeration, CHP, use of timers, 
motion sensor lighting, and alternative fuels for vehicles. 

Value Engineering Lacks Energy Reduction Focus Barrier. Section 6.4 presents the pathway 
through SAVE to develop energy reduction as a value engineering focal point. 

6.3	 Feasibility of National Standard for Value Engineering of Wastewater Systems 
The majority of the projects reviewed in Section 3.2.2 had an informal value engineering 

effort that did not involve a SAVE CVS. Usually, the owner or funding/regulatory agency 
instructed the design engineers to be cognizant of value engineering during the design phase. A 
national standard for wastewater system value engineering would provide wording that 
municipalities and funding/regulatory agencies could adopt and incorporate into procurement 
documents to ensure that value engineering is part of the wastewater system design development 
process and that the value engineering analysis addresses energy-intensive functions in the 
wastewater. The national standard could provide examples of energy-intensive wastewater 
system functions and energy-efficient solutions in a supplement to its wording. ASTM E1699-
00(2005) Standard Practice for Performing Value Analysis (VA) of Buildings and Building 
Systems is an example of a national standard that applies value engineering to a specific 
application (i.e., buildings). 

6.4	 Pathways through the SAVE Foundation to Promote Value Engineering in
Wastewater Treatment Projects 
The following recommendations address ways in which WWTFs that already perform 

value engineering analyses for their projects can elevate the focus on energy efficiency and 
energy management within these analyses. Analysis using the six-step SAVE process has been 
established as the standard for value engineering (see Chapter 3.0). Examples in Chapter 5 
explore how facilities can address energy efficiency and energy management considerations 
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under all phases of the six-step SAVE value engineering process. The following 
recommendations grow out of these observations and discussions with SAVE:11 

Explore a collaborative agreement between wastewater sector professional 
organizations such as WEF and SAVE. This vehicle would be a memorandum of 
understanding that enables cross-promotion of interests. The agreement would enable a 
wastewater sector professional organization and SAVE to reach into the value engineering 
specialists community to elevate energy efficiency and energy management as a value 
engineering focus. For instance, jointly, SAVE and a wastewater sector professional organization 
could develop communications (e.g., through SAVE conferences and publications, including the 
monthly SAVE newsletter, Interactions, and the SAVE journal, Value World) that address 
energy efficiency and energy management as a value engineering focus for a WWTF project. 

Develop SAVE CVS certification training material that addresses WWTF energy 
efficiency and energy management opportunities as a value engineering focus. Stakeholders 
could develop training modules for the two modules in the SAVE certification training sequence. 
CVS is the highest of SAVE’s three certification levels. A SAVE CVS must pass both modules 
for certification. Module 1 covers the six-step SAVE value engineering process, including basic 
cost analysis; it provides a basic foundation for understanding value engineering, enabling the 
CVS to participate in value engineering studies. Module 2 extends training such that those 
completing it successfully are certified as experts (CVS) who can lead value engineering 
studies.12 Because development and revision of SAVE training material for Modules 1 and 2 are 
on a four-year cycle, the society could take near-term intermediate steps to address energy 
efficiency and energy management as a value engineering focus for a WWTF project. For 
instance, the development of a model approach to a wastewater project could be incorporated 
into the modules as an example. Although being a CVS is not necessarily a requirement for a 
successful path forward, it would serve to give more exposure to a value engineering focus on 
energy efficiency and energy management. 

Work with municipalities and regulatory agencies to promote value engineering for 
energy management. This recommendation would include reaching out to those engaged in the 
wastewater treatment field to obtain consensus on reasonable means (e.g., policy and procedures) 
to foster energy management’s consideration during value engineering analyses. Continued 
dialogue with these groups could help in determining ways to incorporate findings into 
guidelines and standards of practice. The objective would be to increase use of energy efficiency 
and energy management best practices in future value engineering projects. Research indicates 
that regional groups responsible for standards such as 10 States and TR-16 should not be part of 
this effort. These organizations are not proactive in promoting new standards; they adopt 
standards that are already common practice among their member states. 

11 Teleconference with David C. Wilson, P.E., CVS, President, SAVE International, and SAIC and O’Brien & Gere,
 
October 16, 2008.

12 A discussion of training contents for each module appears at the following web site: http://www.value-
eng.org/education_seminarmanual.php, November, 2008.
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WA S T E WATE R UTI LITY 
A l a b a m a 
Montgomery Water Works & 

Sanitary Sewer Board 

A l a s k a 
Anchorage Water & 

Wastewater Utility 

A r i z o n a 
Avondale, City of 
Glendale, City of, 

Utilities Department 
Mesa, City of 
Peoria, City of 
Phoenix Water Services Dept. 
Pima County Wastewater 

Management 
Safford, City of 
Tempe, City of 

A r k a n s a s 
Little Rock Wastewater Utility 

C a l i f o rn i a 
Central Contra Costa 

Sanitary District 
Corona, City of 
Crestline Sanitation District 
Delta Diablo 

Sanitation District 
Dublin San Ramon Services 

District 
East Bay Dischargers 

Authority 
East Bay Municipal 

Utility District 
El Dorado Irrigation District 
Fairfield-Suisun Sewer District 
Fresno Department of Public 

Utilities 
Inland Empire Utilities Agency 
Irvine Ranch Water District 
Las Gallinas Valley Sanitary 

District 
Las Virgenes Municipal 

Water District 
Livermore, City of 
Los Angeles, City of 
Los Angeles County, 

Sanitation Districts of 
Napa Sanitation District 
Novato Sanitary District 
Orange County Sanitation 

District 
Palo Alto, City of 
Riverside, City of 
Sacramento Regional County 

Sanitation District 
San Diego Metropolitan 

Wastewater Depart m e n t , 
City of 

San Francisco, 
City & County of 

San Jose, City of 
Santa Barbara, City of 
Santa Cruz, City of 
Santa Rosa, City of 
South Bayside System Authority 
South Coast Water District 

South Orange County 
Wastewater Authority 

South Tahoe Public Utility 
District 

Stege Sanitary District 
Sunnyvale, City of 
Union Sanitary District 
West Valley Sanitation District 

C o l o r a d o 
Aurora, City of 
Boulder, City of 
Greeley, City of 
Littleton/Englewood Water 

Pollution Control Plant 
Metro Wastewater 

Reclamation District, Denver 
C o n n e c t i c u t 
Greater New Haven WPCA 
Stamford, City of 

District of Columbia 
District of Columbia Water & 

Sewer Authority 
F l o r i d a 
Broward, County of 
Fort Lauderdale, City of 
Jacksonville Electric Authority 

(JEA) 
Miami-Dade Water & 

Sewer Authority 
Orange County Utilities 

Department 
Pinellas, County of 
Reedy Creek Improvement 

D i s t r i c t 
Seminole County 

Environmental Services 
St. Petersburg, City of 
Tallahassee, City of 
Toho Water Authority 
West Palm Beach, City of 
G e o rg i a 
Atlanta Department of 

Watershed Management 
Augusta, City of 
Clayton County Water 

Authority 
Cobb County Water System 
Columbus Water Works 
Fulton County 
Gwinnett County Department 

of Public Utilities 
Savannah, City of 

H a w a i i 
Honolulu, City & County of 

I d a h o 
Boise, City of 

I l l i n o i s 
Decatur, Sanitary District of 
Greater Peoria 

Sanitary District 
Kankakee River Metropolitan 

Agency 
Metropolitan Water 

Reclamation District of 
Greater Chicago 

Wheaton Sanitary District 

I n d i a n a 
Jeffersonville, City of 

I o w a 
Ames, City of 
Cedar Rapids Wa s t e w a t e r 

F a c i l i t y 
Des Moines, City of 
Iowa City 

K a n s a s 
Johnson County Wastewater 
Unified Government of 

Wyandotte County/ 
Kansas City, City of 

K e n t u c k y 
Louisville & Jefferson County 

Metropolitan Sewer District 
Sanitation District No. 1 

L o u i s i a n a 
Sewerage & Water Board 

of New Orleans 
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