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EXECUTIVE SUMMARY

Motor systems consume about 70 percent of all the electric energy used in the
manufacturing sector ofthe United States (Elliott 1995). Numerous studies have shown
that opportunities for efficiency impro.vement and performance optimization are greatest
in the integration for the system. To date, however, most public and private programs to
improve motor system energy efficiency have focused on the motor component. This is
primarily due to the complexity ofmotor-driven equipment and motor systems as a whole.

To realize this potential for efficiency improvement, organizations will have to change the
manner in which they design, maintain, and operate motors and motor systems. New
market-based initiatives that encourage behavioral and infrastructural development will
play an important role in achieving this potential. Such initiatives, known as "market
transformation" initiatives, attempt to permanently change the structure of a product
market in a desired way (in this case, toward greater energy efficiency). The long-term
goal is to transform the markets so that efficient equipment and practices become the
norm. The transformation process: (1) increases market penetration of current
technologies and services; (2) encourages the development and introduction ofadvanced
technologies; and (3) enhances current market infrastructures to facilitate the ongoing
transformation process. Market transformation may seek to introduce desired products
and services faster by enhancing the demand for them (market-pull) or by enhancing their
supply (market-push).

To date, most market transformation efforts have focused on residential and commercial
sector appliances, with notable successes including residential refrigerators and multiple
glazed windows. These product areas are fairly simple in their energy performance and
market dynamics. By contrast, motor systems and their markets are complex, not as well
defined, and frequently have widely varying operating conditions. Therefore, market
transformation strategies that were appropriate for refrigerators or multiple glazed
windows may not be appropriate for industrial electric motor systems.

report, we discuss the development of a market transformation strategy for
industrial electric motor systems. It lays out a general framework for formulating a
market transformation strategy and describes how to apply this framework to the electric
motor systems market. The goal of the electric motor systems market transformation
process is to accelerate the movement ofthe market from a component focus (the existing
market) to a systems-oriented focus (the transformed market).

order to develop a targeted market transformation strategy, we have segmented the
market by application. We focus on the top three motor-driven equipment segments in
the manufacturing sector: industrial fan and blower systems, compressed air systems, and
process pump systems. These three manufacturing applications comprise an estimated
25-30 percent of the total motor-related electricity consumption by the manufacturing

v
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sector, but represent more than 70 percent of the motor-driven electrical energy savings
potential (Easton 1995).

Deficiencies exist in electric motor systems markets that will result in slow implementation
of efficiency measures. Some deficiencies apply to individual markets while others are
common to all markets. Deficiencies that are common to the various electric motor
system market segments include:

• A lack of end-user knowledge of the motor system energy savings
potential;

A lack of incentive or motivation for certain market stakeholders to
promote efficient system design or equipment purchases;

II A lack oftechnical expertise and tools to quantify and verify savings;

II Current efficiency efforts focus on the energy-efficient components, not
system-level savings opportunities; and

II End-users may not perform life-cycle cost analysis.

market transformation strategy is built from a mix of different actions that address
different market deficiencies. The strategy is composed of two different types ofactions:
those that build and strengthen the market infrastructure to enable follow-on actions with
direct results (infrastructure or enabling actions) and those that lead directly to enhanced
system performance and reduction in energy consumption (direct market actions). In
general, infrastructure/enabling actions address knowledge, information, or awareness
deficiencies. Direct market actions include financial incentives such as rebates for energy­
efficient motors and audit services to identify and quantify savings resulting from
performance optimization. Without the infrastructure/enabling actions, direct market
progress would be limited. Enabling actions may also address a deficiency within the
marketplace, which allows the market to naturally evolve to a higher level of efficiency
without any direct market actions.

Table 1 lists broad categories of actions that may be included as elements of a market
transformation strategy. Different actions may be appropriately targeted at a specific,
industrial-sector application segment within each market. In practice, to successfully
implement market transformation, a number ofthese actions may need to be implemented

parallel, with market-pull (supply-side) and market-push (demand-side) actions
coordinated in some way.

VI
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Table 1
Elements of a Motor System Market Transformation Framework

InfrastructurelEnabling

Test pro,tocols

Training and education

Development of information
systems and databases

Development/distribution of
decision support tools

Development ofbest practices
guidelines

Voluntary rating and labeling
guidelines

Development ofcommon user
specifications (e.g., performance or
purchasing)

Technical Assistance

rations

'Id development

Direct Market

Recognition activities

Opportunity identification

Encouragement of purchasing
collahoratives

Promotion offacilities management
businesses

Financial incentives (e.g., rebates,
grants, financing, tax incentives)

Promotion ofvoluntary certification

Encouragement ofearly equipment
retirement

Minimum efficiency regulations

Different organizations can play roles implementing market transformation activities
including:

III end-users,
Iii industry and professional trade associations,
II motor and original equipment manufacturers,
II utilities,
II equipment distributors,
• government agencies,
• engineering consultants and contractors,
(I educational institutions,
II public interest groups, and
• research organizations.
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Certain parties may engage in direct market participation, while other parties, such as
government and trade associations, are expected to play a facilitation and support role.
Partnerships and alliances between market players can enhance strategic business
opportunities and foster development ofcost-effective market transformation programs,
particularly where commonalities exist to leverage resources and combine strengths.
Partnerships, alliances, and collaboratives can also greatly influence purchasing power.
They can create large market demand, influ·ence product mix and pricing, and encourage
the introduction ofhigher-efficiency products and services. Strategic partnerships can be
formed at the regional, national, and international level. Initiatives at each level have
different and often complementary characteristics.

viii
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Chapter 1

INTRODUCTION

1.1 Introduction

Motor systems consume about 70 percent of all the electric energy used in the
manufacturing sector ofthe United States. To date, most public and private programs to
improve motor system energy efficiency have focused on the motor component. This is
primarily due to the complexity ofmotor-driven equipment and motor systems as a whole.
The electric motor itseIt: however, is only the core compc;>nent of a much broader system
of electrical and mechanical equipment that provides a service, e.g., refrigeration,
compression, or fluid· movement. Numerous studies have shown that opportunities for
efficiency improvement and performance optimization are actually much greater in the
other components of the system - the controller, the mechanical system coupling, the
driven equipment, and the interaction with the process operation (see Figure 1. 1) (DOE
1993; Elliott 1994; Howe et al. 1993; Nadel et al. 1992). Despite these significant
system-level opportunities, most efficiency improvement activities or programs have
focused on the motor component or other individual components.

Taking a Itsystems approach II can
increase the efficiency of electric

Better MotorlMechanical

motor systems by shifting the focus ~T:~~~g
41%

from individual components and
functions to the total system
performance. The total system
efficiency of an electric motor
system is determined by the
weighted component efficiency and
the interaction between the Figure IGI Energy Savings Potential in Electric
components. It is not enough to Motor Systems (Source: DOE 1995b).
specify high-efficiency components
to increase the efficiency ofa motor system. In fact, emphasis on components alone may
obscure the more important fact that greater cost savings are possible by optimizing the
performance of the entire system. Careful consideration must be given to the selection
of each of the components in the system to ensure that they will operate at their peak
performance once they are integrated.

To realize this potential for efficiency improvement, organizations will have to change the
manner in which they design, maintain and operate motors and motor systems. New
market-based initiatives that encourage behavioral and infrastructural development will
play an important role in achieving this potential. Such initiatives, known as "market

1... 1
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transformation" initiatives, attempt to permanently change the structure of a product
market in a desired way (in this case, toward greater energy efficiency). The long-term
goal is to transform the markets so that efficient equipment and practices become the
norm. The transformation process: (1) increases market penetration of current
technologies and services; (2) encourages the development and introduction of advanced
technologies; and (3) enhances current market infrastructures to facilitate the ongoing
transformation process.

To date, most market transformation efforts have focused on residential and commercial
sector appliances. Successes in these areas have included refrigerators (efficiency was
increased by 175 percent from 1972 to 1993) and multiple glazed windows (sales were
increased from 37 percent ofthe market in 1974 to 87 percent in 1991) (Geller and Nadel
1994). These product areas are fairly sitnple in their energy performance and market
dynamics. For example, how refrigerators are used and how far technology can evolve
with respect to energy efficiency is well understood.

By contrast, motor systelTIS and their markets are comRlex, not as well defined, and
frequently have widely varying operating conditions. It is difficult to determine how
efficient products currently are or how much efficiency can be increased. For example,
the efficiency of an adjustable speed drive (ASD) is defined more by the process
application than the inherent efficiency ofthe component. Correctly applied, the ASD can
greatly enhance process control and energy efficiency. If misapplied, ASDs may have
adverse effects on the process without yielding any significant savings (Elliott 1994).
Therefore, market transformation strategies that were appropriate for refrigerators or
multiple glazed windows may not be appropriate for industrial electric motor systems.

Purpose and Organization of Report

This report discusses the development of a market transformation strategy for industrial
electric motor systems. It lays out a general framework for formulating a market
transformation strategy and describes how to apply this framework to the electric motor
systems Inarket. The report is intended to provide a foundation for actions of various
market players - industrial end-users, trade associations, equiptTIent suppliers, utilities,
government, and other organizations - who wish to take advantage of the business
opportunities that arise from participation in the market transformation process. In
addition, the report provides the DOE's Motor Challenge program with direction for
future market transformation efforts.

1-2



Electric Motor System Market Transformation, ACEEE

"Systemsll-Oriented

• Motor Challenge

• CEE
• Midwest Motor Systems

Consort.

• Industry &Prof. Trade
Assns

• Others

Component-Focused

• Industrial End-Users

• Manufacturers

• Distributors

• Consulting Engineers

M rket Tr nsformation
A national, coordinated effort involving the

participation of multiple organizations

Figure IlJ2 The Market Transformation Process

The report is organized into six chapters and an appendix. Chapter 1 introduces the
concept of market transfortnation and sutnlnarizes the development of a market
transformation strategy for electric motor systelTIs. Chapter 2 provides background
information on what constitutes an electric motor system and the basic concepts
associated with market transforlnation, and discusses several characteristics of a
transformed marketplace. An overview of motor and motor-driven equipment markets
(industrial fan/blower, cOlTIpressed air, and putnp systetTIs) is provided in Chapter 3.
Chapter 4 presents a framework for formulating Inarket transformation strategies and
presents a range of possible market transfonnation actions. In Chapter 5, this framework
is applied to the four specific market segments (lnotor, fan/blower, air compressor, and
pump systems) profiled in Chapter 3. Chapter 6 examines the potential roles of private
and public stakeholders - including end-users, government, utilities, engineering
consultants, manufacturers and distributors and provides examples of possible strategic
partnerships. The Appendix provides a tnore detailed description of the list of the
possible enabling and direct market actions that were identified by this research into
transforming the motor systems market.

1-3
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1.3 Goals of Motor Market Trallsformatiorl

The goal ofthe market transfonnation process, illustrated in Figure 1."2, as applied to the
electric motor systems market, is to accelerate the movement of the market from a
component focus (the existing market) to a systems-oriented focus (the transformed
market). Transformation of the marketplace to greater efficiency is a complex process,
involving linked actions and a diverse group of stakeholders. The strategic actions
presented in this report arise from a market-oriented, collaborative process over the past
two years involving a number of diverse groups. The report represents the culmination
ofextensive market research, focusing on both the generic market transformation process
and the electric motor system market.

DOE's market research in this area began in 1992, highlighted by the February 1993
Round Table on Ejficiel1t Electric Motor Systenls for I11dustlY. Subsequently, DOE
participated with a number of electric utilities and other organizations in an original
equipment manufacturer (OEM) market assessment organized and conducted by Easton
Consultants. The Motor Challenge Program has held various meetings and focus groups
with key market stakeholders to gain their perspective and learn from their experience in
the marketplace. Most notable was DOE's RoulldTable 011 Market Transforn1atiol1
Strategiesfor Industrial Electric Motor S)JstenlS (DOE 1995b).

In parallel with this electric motor systeln research, DOE and other industry stakeholder
investigators pursued the emerging field of market transformation from a generic
perspective, seeking to define an overall approach to strategy development. Early
contributors to the market transforlnation literature participated in this study, including
key groups such as ACEEE and the Consortiuln for Energy Efficiency's (CEE) Motor
System COlTIlnittee.

1~4 Elements of a Marl<et Transfornlation Strategy

Market transformation can be defined as a process to achieve accelerated, sustainable
market penetration of "desired" products and seIVices. Products are desired for the things
they make possible, for example: increased productivity; efficiency; and competitiveness.
Market transfortnation may seek to introduce desired products and services faster by
enhancing the demand for thelTI (Inarket-puIl) or by enhancing their supply (lnarket-push).

market transfonnation strategy is cOlnposed oftwo different types of actions: those that
build and strengthen the market infrastructure to enable follow-on actions with direct
results (infrastructure or enabling actions); and those that lead directly to enhanced system
performance and reduction in energy consumption (direct market actions). In general,
infrastructure/enabling actions address knowledge, infonnation, or awareness deficiencies.

1-4
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Direct market actions include financial incentives such as rebates for energy-efficient
motors and audit services to identify and quantify savings resulting from performance
optimization. Without the infrastructure/enabling actions, direct market progress would
be limited.

In order to be successful, this process requires a national, coordinated effort, with the full
participation of all relevant stakeholders. The range of stakeholders includes both the
direct market players (e.g., end-users, manufacturers, distributors) as well as key
organizations that can facilitate and support (e.g., utilities, government, engineering
consultants, public interest groups, trade associations, etc.). Strategic partnerships and
alliances among stakeholders - such as the Motor Challenge Program, Midwest Motor
Systems Consortium, and eEE in the case of electric motor systems - can enhance
individual stakeholder's business opportunities as well as foster development of cost­
effective market transformation strategies, particularly where commonalities exist to
leverage knowledge, resources, and purchasing power. They can also provide a forum
to encourage discussion and a platform from which to influence market behavior (initiate
market change).

Segmentation of the Electric Motor System Market

In order to develop a targeted tnarket transforlnation strategy, in this report we segment
the market by application based on information gathered through market research. In
addition to motors, we focus on the top three lnotor-driven equipment segments in the
manufacturing sector: industrial fan and blower systems; compressed air systems; and
process pump systetTIs. This decision is based on energy consumption and savings
potential. These three tnanufacturing applications cOlnprise an estimated 25-30 percent
of the total lnotor-related electricity consulTIption by the tnanufacturing sector, but
represent more than 70 percent of the motor-driven electrical energy savings potential
(Easton 1994). From a market transformation perspective, market movement can be
facilitated by focusing on these three broad driven equiplnent markets.

Once the market was seglnented, the tnarket deficiencies - practices and behaviors that
do not lead to minitnuln Inotor-driven electricity consumption - that apply to each of
these four markets were identified with the help of industry stakeholders. The existence
ofnumerous market deficiencies makes it clear that the market for electric motor systems
will likely not quickly itnpletnent efficiency tTIeasures. Some deficiencies apply to
individual Inarkets while others are comtTIon to all four markets. Deficiencies that are
COmlTIOn to the various electric Inotor systetTI tnarket segtnents provide a blueprint of the
most pressing needs of market stakeholders. These deficiencies include:

1-5
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l1li A lack of knowledge at the end-user level regarding the energy savings
potential available through optitnizing motor-driven system design and
equipment purchases.

A lack of incentive or motivation for certain market stakeholders to
promote efficient system design or equipment purchases.

A lack of technical expertise and tools required to accurately quantify
savings potentials and verify actual performance and savings.

The current efficiency facilitation efforts (primarily utility programs) that
typically focus on the energy-efficient components, not system-level
savings opportunities.

End-users tnay not perfOrlTI life-cycle cost analysis when considering
equipment or systetn investments.

1~6 Developlnent of a Marl<et Transforluation Strategy for Electric Motor
Systems

Drawing on all of its market research over the past two years, this effort identified a menu
ofstrategic actions to potentially transfortn the market (Appendix A). This compilation
of potential electric motor systelTI market actions provided the starting point for
identification ofa final electric motor systetn action set (Table 1.1) as described in detail
in Chapter 5.

We expect that businesses and organizations who participate in the Inarket transformation
process will find clear business opportunities and tnutual interest in working cooperatively
with other participants, and this will put thelTI at a Inarket advantage over those who do
not participate in the process. We hope that efforts such as DOE's Motor Challenge
ProgratTI and CEE will use the results of these efforts as a dynamic starting point for an
aggressive market transformation initiative. Key trade allies in this effort have guided it
from the beginning, and will continue to be an integral elelnent in the expanding industry­
government partnership being fOftned to pursue electric motor system market
transfortnation.

1-6



Electric Motor SystelTI Market Transfolmation, ACEEE

Table Ill!
Leading Motor System Market Transformation Actions

Action Category Leadil1g Action

Training and Education of II training in strategic marketing
Market Players III performance optimization training

III customer motor system awareness

Information System and m equipment performance and cost database
Database/Common User III estimation of non-energy benefits
Specification III performance and cost savings case studies

III common equipment and service purchase
specifications

Decision Support III life-cycle costing tools
II equipment selection software

Voluntary Rating and Labeling 11III guidelines for package-system
perfortnance

II standardized energy user report for
equiptnent

III consistent inforlnation on equipment test
procedures

1-7
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Chapter 2

BACKGROUND

This chapter provides an overview of an electric motor system, describes the "systems
approach" to improving energy efficiency, introduces the basic concept associated with
market transformation, and discusses several characteristics ofa transformed marketplace.

2.1 Elements of an Electric Motor System

Electric motor systems are a combination of electric motor-driven equipment and
associated hardware that, when coupled together, converts electrical energy to mechanical
or fluid power. The mechanical or fluid power is used to do work in a manufacturing
process, production line, or building operation.

There can be many elements to a motor system. Although motor systems vary widely in
configuration, characteristics, and their number of integrated parts, there are certain
elements that are common to all types of systems (see Figure 2.1). A typical motor
system will include the following components:

DI Facility Power Distribution System
ilR Starting, Control and Feedback Mechanism
EiI Motor
Iii! Coupling or Transmission
iii Mechanical Load
II Accessory Equipment
a Distribution System
lIi!J Process

The analogy "wire to water ll is often used to describe the boundaries of the energy
transfer process in a typical motor system. The "wire" refers to where electrical power
enters the system and "water" refers to the point at which mechanical power or fluid flow
is transferred to the process. This concept holds true for all types of motor systems. For
example, electrical energy is converted to fluid power by a motor that moves a pump,
which moves water through a network of pipes, valves, connectors, and strainers in
cooling processes. For a truly systems approach, though, it would be ideal ifwe could
go further to determine if the process is optimal or even necessary. That, however, is
beyond the scope of this report.

2-1
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The Electric Motor System

3 Phase
Input Power Process Mechanical

& Electrical Feedback

1------ ----------------- --- ----1 r
,.-------&---., I I eFacility Power' Starting Mechanical '

Distribution I S Mechanical I ProcessControl & ystem Load,
System : Drive System II Coupling I

I II :1 11 _

Motor/Drive Subsystem Mechanical Subsystem

Figure 2.1 Electric Motor System (Source: Blazewicz et al. 1995).

Each of these subsystems serves a distinct purpose. For example, the facility power
distribution system supplies electricity of the appropriate voltage and frequency to the
motor and controls. The motor system controls serve four basic functions: (1) starting,
directing, and protecting the operation ofthe motor and driven equipment; (2) varying the
process output; (3) providing feedback [raIn measured parameters to the control circuit;
and (4) ensuring personnel safety. The Inotor is the part of the system that converts
electrical energy to mechanical power. The motor transfers mechanical power to the load
directly through a coupling or translnission system such as gears or belts. The driven
equipment or mechanical load performs work. Driven equipment includes
turbomachinery, such as fanslblowers, compressed air, and pumps, as well as conveyors
and materials processing equipment such as cutters and grinders. Many fluid systems also
include accessory equipment such as driers and screens to condition the fluid stream. A
fluid system also includes a network of distribution systems (e.g., piping or ducting) to
transport the working fluid to the process. Finally, we reach the process where the work
is accomplished. Ultimately, the process and its requirements dictate the other
components of the system.

.... _ ..,........ fl,,"'-- Systems VS<b Integrated Systems

Motor systems may be defined at two levels - "packaged systems" or "integrated
systems." The term packaged system refers to a faniblower, air compressor, or process
pump system that is packaged and sold as a unit containing a motor, drive train,
mechanical controls, outlet devices, and ancillary components. Packages are designed and
assembled by original equipment manufacturers (OEMs) and sometimes may include
electronic controls such as adjustable speed drives (ASDs). Figures 2.2, 2.3 and 2.4
depict what is typically included in a fanlblower, air compressor, and process pump
packaged system, respectively. The fan housing package consists of an electric motor

2-2
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and a bladed impeller within a structural housing. Inlet and outlet devices are often sold
with the fan. A standard air compressor package consists of an electric motor, a
compressor, an air-end, filters, and water separators. A belt drive is offered on some
models. Optional package components include dryers and after coolers. The pump
"package" is not as clearly defined as other industrial equipment packages. Manufacturers
and distributors sell process pumps with or without a motor and/or drive. Motors are
either close-coupled, long-coupled or impart power through a belt drive.

The term "integrated systems" refers to the entire system boundary, from the energy input
to the outlet of the process itself: including the pipinglducting distribution system,
controls, motors, driven-equipment, and downstream process equipment. The distinction
between components (component refers to a single element such as the motor, fan, or
ASD), packaged systems, and integrated systems are necessary because different market
transformation strategies can be targeted at different system levels.

FAN I BLOWER "PACKAGE"

~~~~~~~~~~~ .

Energy
Input

MOTOR

.......... '"

MOTOR PEDESTAL (optional)

Air I Malarjalln }
~ distribution system or
~ upstream proces6 equipment
e outside air or recirculated air

ANCILLARIES

{

Air t Malerial Out
• distribution system
It downstream process
equipment

& outside air or
recirculation

Figure 2~2 Fan Package (Source: Easton 1994)
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PLANT AIR COMPRESSOR PACKAGE
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Figure 2~3 Air Compressor Package (Source: Easton 1994)
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Figure 204 Process Pump Package (Source: Easton 1994).
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203 The System Approach

For the electric motor system shown in Figure 2.1, total system efficiency is determined
by the weighted component efficiency and the interaction between components. It is not
enough to specify high-efficiency components to increase the performance of motor
systems. Emphasis on components (e.g., motor, ASD, etc.) alone may obscure the more
important fact that much greater energy and cost savings are possible by optimizing the
performance of the complete system. In an electric motor system, the energy efficiency
of the motor itself (typically 3 to 10 percent greater for energy-efficient motors) is only
part of the energy efficiency of the total system. Installing an energy-efficient motor
without understanding the system can reduce the benefits that otherwise would be
attained. l

The "systems approach" is a way to increase the efficiency of electric motor systems by
shifting the focus from individual elements and functions to the total system performance
and effect. The components are considered as a team in which they all work continuously
to maximize performance and mitigate disturbances. Careful consideration must be given
to the selection of the components in the system to ensure that they will collectively
operate at their peak performance once they are integrated.

The system approach process involves several interrelated actions, including, for example:

II Establishing current conditions and operating parameters (for the retrofit
of existing systems)

III Determining current and future process or production needs
mGathering and analyzing operating data, and developing load-duty cycles;
II Assessing alternative system designs
m Determining technically and economically sound options
III Refining system design
D Assessing energy and analyzing economics (energy and non-energy

benefits)
II Presenting findings
II Installing and comlnissioning
II Guaranteeing the system will perform adequately
11 Upgrading the system as needed

For example, different motors have different load-speed curves. Since the load of a
turbo machine (e.g., a fan) varies approxilnately as the cube of the speed, if an
efficient, faster motor replaces an inefficient, slower motor, the total energy
consumption of the system can increase. More air will be moved, but unless the
process requires more air, no benefit will be achieved.
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Central to applying the systems approach concept is the need for cooperation among key
market players. This requires the collective efforts of all the players involved: equipment
vendors, consulting engineers, contractors, and end-users, for example. Greater
consideration must go to the design, specification, and application of the components that
make up the motor system. For the players involved, this means considering the optimum
perfomiance ofthe overall motor system, and working collectively to ensure the products
and services the players provide will attain this end. When retrofitting or supplying new
equipment, the aim is to come up with a total system solution, not just equipment fixes.

The systems approach to optimizing motor systems is not a new concept. It has long
been a foundation of value engineering and is now beginning to be used throughout
industry, particularly in promoting the use of more efficient motor systems in Canada and
Wisconsin (Carroll et al. 1994). The systems approach is being used as the platform for
developing various marketing, training, and trade ally programs to promote efficient
compressor, pump, and fan and blower systems. These programs have proven to be
effective in helping utility customers increase process and operating efficiency, and
addressing environmental issues. For the market players who have adopted the system
approach, it has meant tremendous opportunities in new business partnerships and
growing demand for premium energy-efficient products and services.

2414 Market Transformation

"Market transfonnation ft is a term for initiatives that attempt to permanently influence the
structure of a product market in a desired way (in this case, toward greater energy
efficiency). The long-term goal of lnarket transformation is to make efficient equipment
and practices the norm so that continuing market intervention is not required. This
process involves: 1) increasing market penetration of current technologies and services;
2) encouraging the development and introduction of advanced technologies; and 3)
enhancing current market infrastructures to facilitate and support the ongoing
transformation process.

Market transfonnation efforts achieve these goals by addressing deficiencies that exist in
a marketplace. Specific policies and programs attelnpt to remove market barriers to
wider adoption of energy-efficient products and services. Market barriers may include:
a lack of awareness regarding energy-related issues~ a lack of knowledge of energy­
efficient alternatives; limited access to more efficient technologies; high first cost for
efficient alternatives; technology misconceptions; and high costs and risks for the
development and marketing of new products.

2-6



Electric Motor System Market Transformation, ACEEE

Increase awareness and knowledge of options and benefits
Customer interest upon learning of highefficiencyproducts and systems
~ustomersdemand higher system performance: specific performance characteristics are
~ou9ht

Customers invest - make purchases or purchasing commitments and a significant demand is
created by bringing a number of purchasers together
Critical mass market participation achiQved when customer purchases represent a significant
portion of the market and is communicated to manufacturers.

Support activities to reinforce the demand (market-pull)

Distributors, Engineering Consultants

Support activities to reinforce the demand
E:fforts to increase knowledge of business opportunities by making improved products and
systems available (stimulated by increased demand)
Vendors alter stocking practices
~ngineering consultants include improvements in efficiency into product specifications.
designs and purchases: and provide more widespread performance optimization services, or
improvQ design practices.

Support activities to reinforce the supply (market-push)

Manufacturers

~upport activities to reinforce the supply
~ecognition that market risks are reduced: aggregated, guaranteed markets and prospects
f6r large potential markets exist
Products decisions are affected
~anufacturers develop improved engineering designs

New Market Entrants ,
~ome non-partiCIPating orgaOlzatlons, exposed to new Information, new norms and
C'ompetitive pressures, enter the market
Non-participant users enter into market for higher efficiency performance products
distributors and Engineering Consultants include efficiency in marketing and services
~on-participant manufacturers follow suit and enhance future technology innovation

MARKET EFFECTS PERSIST AS A DYNAMIC, LASTING
IMPROVEMENT IN THE MARKET

205 Dynamics of Market Transformation

In the context of this report, market transformation is defined as a process to achieve
faster and sustainable market penetration of "desired" products and services. Products
are "desired" for the things they make possible, for example, higher productivity,
efficiency, or reduced environmental effects. Market transformation may seek to
introduce desired products and services into the market faster by enhancing the demand
for them (market-pull), and/or may seek to make desired products and services available
to the market faster by enhancing the supply of them (market-push). This process is
illustrated in Figure 2.5. The goal of market transformation strategies for electric motor
systems that are presented in this report is to shift the market focus from individual
components and functions to a total system performance perspective.
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Most past efforts at market
transformation, with the
notable exception of
energy-efficient motors,
have focused on residential
and commercial appliances.
Successes in these areas
have included: increased
efficiency of refrigerators
(by 175 percent from 1972
to 1993); and increased
market share of multiple...
glazed windows (from 37
percent of the market in

1974 to 87 percent in 1991). Figure 2.6 Sales and Market Share ofUS. Electronic
Another example of
successful market Fluorescent Lamp Ballast (Source: Nadel and Geller

1995).
transformation is high-
efficiency, electronic,
fluorescent ballasts, which reduced electricity use for lighting by 20-30 percent. R&D
from 1976 to 1980, largely sponsored by DOE, led- to the introduction of these ballasts
in 1980. Beginning in the 1980s, utilities started offering rebates for these products and
large users such as school systelTIS began making bulk purchases. These actions provided
the sales volume necessary to allow manufacturers to address reliability problems and
reduce prices by two-thirds. TheEPA Green Lights program, begun in 1991, further
increased market interest in electronic ballasts. As a result, sales increased almost 25 fold
in the period 1986-1993 (see Figure 2.6). In 1994, DOE proposed minimum efficiency
standards that would essentially require electronic ballasts (see text box for a definition
of standards). If these proposed standards are issued in final form, the market
transformation could be completed by around 1999 (Geller and Nadel 1994).

These product areas are fairly silTIple in their energy performance and market dynamics.
In the case of refrigerators, for example, we have a good understanding of how the
products are used and how far technology can evolve with respect to energy efficiency.
We plug them in and continue to use thelTI as we have previous models with no change
in their utility.

By contrast, motor systems and their markets are complex. As we move from residential
and commercial to industrial equipment and systems, the relationships are more complex
and not as well defined. Systems frequently have widely varying operating conditions.
Often we don't know how efficient current products are or how much efficiency could be
improved. For example, the efficiency of an ASD is defined by the process application
rather than by the inherent efficiency of the components. Correctly applied, process
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-:-·The::term-••"standards"·.refers to·••four' different·concepts..:.: These··types··:of·stal1da:rds···cari:.
:.be,·:voluntary ··or·man·d·atory. Rather than use the term:staridardsinterchangeably, this}:·
>reporfwiIFuse. the following set ofterms: .
... . .. .. , ",::., :.: :.........................<> : .........:: ":'.<: .:.. :.•......•.. <.<: ../:::<.....-:.. -:.

·.I8 T~st ~rQ!-'edu res.}Test· procedures.are••systematic and repeatable ••Il1ethQ~()lQgies ••••
.. .:·:::·"-::.:thatare- used: to measure.the: relative' efficiency·.and.. performanc~·ofa>produ'ct><:

'--An(example.ofa •.• standard' test procedure •••'is··the-IIistitute·of·Electr~car and(:
Electroni~Engineers. (IEEE) 112b test procedurethatis:commonl)t:llsed<to(

.:::<measure the relative perf'ormance of polyphase induction: motors.::..

II'" - MinimumPerfonnance·Levels.. '. These· are minimum performance indices (e~g'.,
.percentage efficiency, COP, kWh, etc.) that are used to define energy-efficient
equipment<orpromote .production· or sale of' energy-efficient/equipment.:

·>Examples·incllldeNEMAMG-r Table'12~ 10 and:! EPAct·lllinimum·efticiency.
reguirements forenergy-efficient motors.

Efficiency Ratings and Labeling. Rating> and labeling attempts to •.• group
products into categories that reflect similar performance and characteristics; for
exalnple, "Energy Guide" labels on household: appliances.

Good or Best Practice Guides. Good or best practice guides are recommended'•
•procedures and·practices that apply to·the Inannerinwhich.·equipmentis:
specified,operated and serviced .•••. For •example, .the Association 6fHeatirlg­
Refrigerating' and Air·Conditioning·Engineers.· (ASHRAE):90.1stal1d:a.rd·:f6r:
commercial buildings serves as a modelforstateandlocalbuildingscodes.

control and energy efficiency can be greatly enhanced. If misapplied, the ASD may have
adverse effects on the process without yielding significant savings. It therefore is
important to note that a market transformation strategy appropriate for refrigerators, may
be inappropriate for an industrial system.

Sustainable Market Development

Perhaps the most challenging aspect of tnarket transformation is the ability to promote
and sustain ongoing development. A sustainable energy-efficient motor systems
marketplace would be characterized by an automatic and permanent adoption of energy­
efficient products and services. This will require organizational structures and systems

2-9



Electric Motor System Market Transfonnation, ACEEE

that are built around these products, technologies, and services. In this environment, it
is envisioned that the marketplace will be more responsive to customer requirements for
premium products and services that not only meet product features and functions, but are
also competitively priced. The success or failure of motor systems market transformation
will depend largely on the level of effort by market suppliers and to what extent the
system approach is adopted.

0% '--- -...JJ

83 84 85 86 87 88 89 90 91 92 93 94
Year

100% ,..------------------.
If market transformation
efforts are successful, the
benefits will be maintained
after the discontinuation of
efforts. For example, the
Canadian utilities
implemented a mix of
strategies to develop the
energy-efficient motor
market (see Figure 2.7). Initial
informational and
educational programs were
offered to increase
awareness of the benefits of
energy-efficient motors. Figure 207 Share of High-Efficiency New Motor
The impact was limited, Purchases in Be Hydro Service Territory (Source:
prompting the utilities to McMenamin et al. 1994).
implement aggressive
marketing plans to support
trade ally development and their direct marketing and sales efforts. This was
complimented by cash rebates to the customer to offset the higher incremental cost and
to distributors to promote and stock the energy-efficient alternative. The utilities
collectively orchestrated biyearly increases in minimum efficiency levels, and reduced
rebate levels as penetration ofenergy-efficient motors increased (Geller and Nadel 1994).

Except for a few smaller markets (i.e., Manitoba), rebates were completely phased-out
in 1995. National efficiency standards will ensure that the Inarket changes will persist, at
least with respect to adoption of high-efficiency motors. The utilities will shift toward
quality assurance rewind services to ensure that efficiency gains are sustained through
proper rewind practices and quality workmanship (McMenamin, et aI., 1994).

following are key factors for developing and sustaining transformation in motor
systems markets:

fI Product and Service Marketability. The level of demand may be the most
important indicator of the marketability of energy-efficient motor systems and
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support services. The demaneJ for efficient motor systems does not exist in and
of itself: but rather because of the things they make possible: increased
productivity, reliability, environmental performance, and competitiveness, for
example. The greatest value will be placed on those systems that allow the user
to conduct business in the most efficient and cost-effective manner possible. In
addition, end-users may show a preference for integrated packages of products
and services supplied by a single source or team. In marketing motor systems,
suppliers will not only have to sell a system of interrelated products, but also a
system of operating practices, inventory control, and other services to meet
specific user needs.

II Product and Service Availability. In a transformed marketplace, energy-efficient
products and services can be sourced cost-effectively and with relative ease. The
availability of essential technologies, products, and services can hinder or
accelerate the market transfortnation process. It can often be a "Catch-22"
situation. As recently as a few years ago, lead time for a typical energy-efficient
motor was six to fourteen weeks. Manufacturers were reluctant to build energy­
efficient motors because their higher incremental cost made them difficult to sell.
But with better economies of scale the incremental cost could have been reduced.
However, low user demand limited marketing and production runs. This created
a vicious circle. Today, however, energy-efficient motors are readily available,
in part because ofutility rebate programs. Greater availability of the product has
helped to increase demand, increase marketability, and lower incremental costs.

Information and Technology Availability. The availability of good information
and access to technology is important to developing and sustaining market
transformation. Market transformation strategies must include options to
establish information systems that are integrated across all levels to foster
effective day-to-day information and technology transfer. Going beyond this, the
management of information and technology itself is crucial functions in the
transformation process and requires considerable attention. This will involve
supplementing energy efficiency information with economic, financial, and policy­
related information and presenting it in formats that are useful to the recipients.

Availability ofExpertise. Another factor important to the transformation process
is the availability of a wide network of expert groups and recognized expert
centers. Strategies must be designed to promote and encourage the development
of these important re~ources within the Inotor systems market transformation
framework. Motor system expertise that will be essential to the market
transfonnation process include: field performance and engineering analysis, value
engineering, systems marketing, policy analysis and other interrelated services.
The availability of and accessibility to knowledge will strengthen the market
transformation support framework. Equally important are provisions to encourage
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networking among expert groups to enhance their knowledge-base, share
information, and encourage strategic alliances within and across markets
(DOE 1993).

Stakeholder Equity. Stakeholder equity or "what's in it for me" is another factor
in a successful market transformation. For market transformation strategies to
receive a high degree of acceptance and support among the stakeholders, the
perceived benefits and expected outcomes must be clearly defined. The ultimate
business environment would be one in which all market players win. The
development of market transfonnation strategies must take the stakeholder's view
as the starting point. Strategies should be designed to maximize the benefits to
all stakeholders.

Behavioral and Attitudinal Change. Creating "sophisticated buyers" who are
armed with timely, valuable information that will allow them to make more
informed and effective decisions is ilnportant to the success of any market
transformation effort. This will call for a new way of thinking. Types of
behavioral and attitudinal changes include: shifts in conventional thinking,
heightened awareness, and increased knowledge level.

Tracking and Evaluation. The assessment of market trends and performance is
a basic function of the transforlnation process. These activities are required to
track progress toward specific program objectives and overall market
transformation goals. Checks and balances are also needed to help identify and
respond to early signs of potential market deficiencies. These mechanisms must
be an integral component in program design. They should be designed to provide
automatic and real-time feedback into the market transformation process. Testing
and verification programs, for example, can provide a wealth of market
intelligence on how well the market is performing relative to a base period.
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Chapter 3

MOTOR SYSTEMS MARKET ANALYSIS

This chapter provides an overview of the tnotor and motor-driven equipment markets.
It introduces the players, the cotnponent equiptnent, and the systelTIs in which the
equiptnent operates. For each of the four markets (lnotors, fans/blowers, air compressors,
and pumps), this chapter describes the way these tnarkets operate, estimate electricity use
and savings potentials, and exalnine deficiencies that exist in the marketplace.

3$1 Market Segmentation Methodology

There are several ditnensions along which to seglnent the "tnarket" for motor-driven
equiplnent: by application segtnent (e.g., fans, putnps and air compressors), by system
level (e.g., Inotor-drive-fan versus total air distribution systeln) within which the motor­
driven equiptnent operates, by stakeholder level in the market (e.g., manufacturer,
specifier and end-user), and by new equiplnent versus installed base. Another way of
segmenting the market is by the level of the systeln at which facilitation efforts are aimed
- cOluponent (e.g., Inotor or fan), the packaged systeln, or the integrated system
(including systetn layout and control).l The prilnary basis chosen for seglnentation within
this study is by application.

The electric lnotor systelns tnarket is often oversitnplified by examination of only the
motor itself FrOin a Inarket transforlnation perspective, market tnovetnent can be
facilitated by focusing on the broad driven equipment tTIarket. The top three application
segtnents within the Inanufacturing sector process industry pumps, industrial fans and
blowers, and plant air COlnpressor systelTIS - are the driven equiplnent market segments
targeted by this study.

Key factors in deciding wllich seglnents to pursue were energy consumption and savings
potential. About two-thirds of the Inanufacturing sector electricity consutnption involves
motors. This motor-related consulnption can be divided into five application categories.
Relative energy consulnption by application is illustrated in Figure 3.1. Despite having

Exan1ples of nlarket transforn1ation actions that n1ay be targeted at conlponent, packaged­
systeln, and integrated-systen1 levels are as follo\vs: con1ponent - pronl0te increased intrinsic
efficiency of con1ponents (e.g., energy-efficient n10tors, efficient il11peller types, more efficient
belts); packaged-systen1 - inlprove equipn1cnt designs, develop efficiency ratings and
perfornlance guidelines; and integruted-systenl - pronlote perfornlance optinlization services,
C0111pOnent selection, and il11prOVe operation and 111uintenance practices.
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smaller electricity consutnption than material handling and material processing,
fans/blowers, compressors, and pUlnps represent a larger potential for savings. This
larger potential results frotn 1) the ubiquitousness of these equiptnent types, 2) the fact
that energy use varies as the cube of rotating speed (i.e., the affinity law) so that correct
sizing of the systetn to an actual load is critical, and 3) that design and maintenance
practices have resulted in many system inefficiencies. A recent ACEEE study estimated
that more than 80 percent of the efficiency ilnprovement opportunity in manufacturing
electricity use was in motor systetns (Elliott 1994).

1\·1aterial Processing (31 '1-0)

Ivlaterial Handling (27~'O)

Fans (10%)

Compressors (11%)

Electricity Consulnption by Motor Driven Loads in the Manufacturing
Sector (Source: Elliott 1994)

The focus ofearly industrial energy savings potential research has been on air compressor,
fan/blower, and plunp systelTIs. COlnbined, these application seglnents probably represent
most of the motor-driven energy savings potential. The characteristics of each of these
application seglnents are discussed below.
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Figure 3~2 Motor Market Sales (Source: Easton 1995).

3 ..2~ Motors and Drives Marl{et

The tTIost COlTIlTIOnly used industrial 111otor is the integral horsepower AC polyphase
induction lTIotor. Nearly two lTIillion of these lTIotors are sold in the U.S. each year,
representing about 5-7 percent of the more than 25 million lTIotors of this type in the
installed base in the U.S. Motors at or below five horsepower represent more than 60
percent of unit sales, however these motors account for less than 15 percent of annual
capacity sold into the lTIarket. AC induction lTIotors over 20 horsepower, on the other
hand, represent just 15 percent of unit sales but nearly 70 percent of capacity sales
(Easton 1995).

OEMs purchase tTIore than half of all integral horsepower, polyphase AC induction
motors. The retnaining 1110tors are sold either through tTIotor distributors or directly to
end-users. The share ofenergy-efficient tTIotors (as defined by NEMA MG-l, Table 12­
10) has increased to approxilnately 25 percent of total sales. Penetration is highest in the
distributor sales lTIarket, where it Inay be as high as 40-45 percent, in part due to utility
rebate and incentive progralns. However, sales of prelniuln efficiency lTIotors to the OEM
market relnains low. The prelniulTI-lTIotor share in this channel is estilnated at 5-10
percent (see Figure 3.2) (Easton 1995). Figure 3.3 illustrates the Inarket delivery system
for lTIotors.
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MOTOR I OEM SIMPLIFIED INDUSTRY STRUCTURE
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3e3 Market Delivery Systeln for Motors (Source: Easton 1995).

Relative to the sales of AC polyphase induction Inotors, U. S. purchases of adjustable
speed drives are sinali. Drives are being installed at a rate of approxiinately 100,000 units
per year, less than 5 percent of the rate of AC induction Inotors. However, sales have
been growing at an average annual rate of35 percent based on dollar volume since 1988
(Easton 1995). The market for adjustable speed drives (ASDs) has been growing for
several reasons. Ilnproved technology allows ASDs to replace DC drives in applications
requiring precise speed control. Unit costs have been declining, and utility rebate
programs prolTIoting ASDs are becoining more COInlnon. Finally, motors and ASDs sold
as a packaged unit, an ilnportant recent trend, are becolning less expensive and more
attractive to less sophisticated end-users.

Because of their higher rate of consumption and typically higher hours of use, large
motors conSUlne more electricity than sinall motors despite their relatively lower unit
sales. However, the savings potential froin increasing efficient motor penetration is
greater with slnaIIer motors because the relative potential to ilnprove the energy efficiency
of smaller motors is greater and the penetration of efficient motors in smaller motor
classes is lower. Several market deficiencies ilnpede penetration of energy-efficient motor
and drive equiplnent and practices. For the purpose of this report, Inarket deficiencies are
defined from the point of view of practices and behaviors that do not lead to minimum
motor-driven electricity conslunption and are not intended to suggest lnarket failure.
Table 3.1 lists SOine of these lnarket deficiencies (Easton 1995).

3-4



Electric Motor System Market Transfolmation, ACEEE

Table 301
Deficiencies Associated With the Motor and Drive System Market

Market Deficiency

Insufficient inforn1atiol1
disselnination and
kno\vledge regarding:
- Tnle savings potential

of energy-efficient
n10tors

- Applicability of ASDs

- Actual perfOr111anCe
characteristics of
pre111iu111 efficiency
n10tors and ASDs

Uncertain and changing
definitions of "high" and
"prelnilu11" efficiency
1110tors are confusing and
potentially n1isleading to
stakeholders.

Sub-optinlal failed nlotor
situation practices
including poor nl0tor
rc\vind practices and "like­
for-like" and lo\v first-cost
purchase behavior.

Description

- Many users do not kno\v hovv or do not have the tools
to easily and quickly calculate the life-cycle cost
savings that energy-efficient 1110tors cal1 provide.

- Many users ren1ain skeptical about using ASDs in their
applications. Making changes in a process entail risk
on the part of the initiator, a risk that n1ay not seem to
be vvorth the re\vard, especially if lack of application
kno\vledge increases the perceived risk.

- Until recently n10tor/drive packages, which were tested
as a unit, vvere not available. There are still conflicting
accounts of torque, ten1perature and other
characteristics of energy-efficient 1110tors, and of the
i111pacts of ASDs on ne\v or existing n10tor
perforn1ance.

NEMA's suggested definition of "energy-efficient" nlotor
per MG-l Table 12-10 provides a benchnlark for nominal
full load efficiency levels, but n1anufacturers and specifiers
often use different tern1inology and definitions. "High" and
"prenliunl" efficiency levels nlay be set relative to NEMA
tables, con1petitors' products, or a nlanufacturer's OvV11
standard line. In October 1997 NEMA's de-finition
beconles obsolete \vhen EPAct levels (the saIne as Table
12-10) beconle the nlininlunl, not the definition of "energy-
efficient."

Most end-users do not have pro-active plans for what to do
vvhen n10tors fail. In the rush to obtain a replacement
nlotor as soon as possible, they do not ahvays use repair
shops that have been evaluated in tenns of re\vind and
repair practices and their effect on nl0tor efficiency. They
typically«·do not-perfonna life-cycle cost study to determine
\vhether an energy-efficient motor would provide a rational
retunl on investn1ent.
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3.3 Industrial Fall and Blower System Market

HVAC
10.15%IDirty" Process

40-50%

Fan and blower systelns are
used in a variety of
applications in the industrial
market. The applications
can be roughly categorized
as "clean" process, "dirty"
process, material handling,
and HVAC (Figure 3.4).
These categories tend to
blend together and it is often
difficult to differentiate and
seglnent fans and blowers by
application category.
Electricity consulnption by
the installed base of
industrial fans and blowers Figure 3.4 Industrial Fan Sales by Application
is estimated at 45-55 (Source: Easton 1995).

terawatt-hours (TWh) per
year, roughly 8-10 percent
of total lnotor-driven Inanufacturing sector electricity consumption (Easton 1995).
Centrifugal fans dOlninate the fan and blower Inarket in the Inanufacturing sector,
accounting for lnore than 90 percent of fan and blower energy consulnption. An
estitnated 45,000 to 50,000 centrifugal fans are sold to the manufacturing sector each
year. Axial fans, which are used prilnarily in cOlnlnercial HVAC applications or for large
flow, clean air applications in the Inining, utility, and transportation sectors, Inake up the
remainder of the Inarket.

The industrial fan and blower Inarket is fraglnented and COlTIpetltlve, with no
tnanufacturer accounting for luore than a 12 percent lTIarket share (Easton 1995).
Manufacturers sell fans and blowers through ll1anufacturer representatives or to other
OEMs, including dust collection, HVAC, oven, boiler, and pollution control equipment
Inanufacturers, alTIOng others (Figure 3.5).

Contractors install most fan and blower systelns. Specifiers work with the contractor,
end-user, and manufacturer representatives to design the system and select equipment.
Finally, independent air balancing firlns Inay be called upon to test the systelTI after in­
stallation and certify that it Ineets design criteria.
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INDUSTRIAL FAN INDUSTRY STRUCTURE
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Figure 3$5 Fan/Blower Market Structure (Source: Easton 1995).

Initial field research suggests that substantial further reductions in industrial fan and
blower electricity consulnption are possible (see Table 3.2).1 Moderate equipment-level
savings potential exists, but these savings opportunities lnay be applicable to a large share
of the market. Although intrinsic efficiency gains are not likely, improving motor, drive
train and iinpeller selection practices offers modest savings potential. Ilnproving system
design to reduce the "systelTI effect" in poorly designed systems can reduce consumption
at selected sites. The large number of different industrial fan and blower applications, and
site-specific operating conditions limit the potential for broad-based prescriptive
equipment and systeln solutions.

Identifying savings opportunities requires detailed analysis of specific sites and
system operation. Because fan and blower systelTIs vary widely from site to
site, predicting the total available savings potential will require a thorough
understanding of current design, selection, and operations and maintenance
practices. by industry and application.
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Table 3.2
Energy Savings Potential for Specific Fan and Blower Systems

Equiplnent 5 - 15%

Speed Control 20 - 50%*

System Design 5 - 25%

* Applies to variable flow systems.
Source: Easton 1995.

Initial field research also suggests seven Inain obstacles to encouraging greater industrial
fan and blower systeln efficiency. These deficiencies are sUlnlnarized in Table 3.3.

3~4 Air Compressor System MarJiet

General plant cOlnpressed air systelns are pervasive throughout the manufacturing sector.
Analogous to a utility, cOlnpressed air lines run throughout factories and other facilities
and support air-driven hand tools, clalnps, and lnotors, alnong other uses. The systems
vary widely in configurations, but have several silnilar characteristics. They typically
range from 90 to 125 pounds per square inch (psi) and 100 to 1,500 cubic feet per minute
(cfin). All systelns consist ofone or lTIOre electric Inotors, COlnpressor air-ends/packages,
filters and/or dryers, pressurized air reservoirs, distribution piping and valves, and point-of
use tools.

Figure 3.6 Distribution ofEstilnated Annual Plant Air
COlnpressor Unit Sales (Source: Easton 1995).

Slightly more than one
million air COlnpressors are
sold to the U.S. Inarket each
year, of which 98 percent
are five horsepower or
slnaller (Easton 1995).
These slnall cOlnpressors are
sold largely to the
COlTIlnercial and residential
markets. Due to the very
low hours of use, however,
they account for only 12
percent of annual electricity
consumption by the new
units. Air COlnpressors at or
above twenty-five horse­
power, while accounting for

Centrifilgal~

Other Recips (220/0) /------
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Table 3.3
Deficiencies Associated With the Fan and Blower Systems Market

Market Deficiency

ASDs are not used in many
applications for which they are suit­
able due to:
II lack of knowledge of

applicability and
II the high first-cost of ASDs.

Lack of system design expertise
creates (from an efficiency
standpoint) a sub-optilnal systenl
design, specification developn1cnt,
and equipment selection.

The most efficient fan type for the
specific operating conditions is often
not used due to lack of infonnation
about alternative equiplncnt designs
and perfornlance capabilities.

Description

Many users remain skeptical about using ASDs in
their applications. Making changes in a process
entail risk on the part of the initiator, a risk that
n1ay not seem to be worth the reward, especially if
lack of application knowledge increases the
perceived risk.

System designs can be improved in terms of:
designing ductwork layouts that minimize the
"systenl" effect (\vhere bends are too close to an
outlet causing increased pressure and energy
consunlption), Ininimizing pressure drops, etc.
Because fans froln different lnanufacturers have
their Best Efficiency Points at different conditions"
selecting the lnost efficient fan for the required
head and flow fron1 a wider set of choices could
save energy. Minin1lun equipn1ent efficiency levels
are often not included in specifications or are easily
Inet by nlany nlodels. Even \vhen minimum fan or
nlotor efficiency levels or specific models are
\vritten into specs, lax bidding procedures may
allo\v lo\ver efficiency Inodels to be purchased.

Airfoil blades (either nletal or fiberglass) could be
used in place of lcss efficient back\vard inclined
blades in sonle applications. Likevvise, backward
inclined blades could replace some less-efficient
radial tip inlpellers if users were provided with
appropriate application information. Variations in
practices across industries and geographies
indicate the potential for improvement. Energy...
efficient back\vard inclined fans (larger dialneter,
narrovver and 10vver speed) could substitute for
standard, back\vard inclined fans in many
applications.
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Table 3.3 (continued)
DeficiencIes Associated With the Fan and Blower Systems Market

Market Deficiency

Equipment/systell1 end-users and
purchasers do not al\vays specify
mininlull1 efficiency levels or energy
consuluption requirenlents

End-users nlay base purchase
decisions on first cost and do not
consider the life-cycle energy cost
savings associated \vith higher
efficiency fans

It is difficult to nlake conlparisons
bet\veen different ll1anufacturers'
products because the existence of
energy efficiency perfornlance data is
not widely knO\Vl1 or easily analyzed.

The equipll1ent seldonl operates under
design conditions.

Description

Miniluunl equipll1ent efficiency levels often are not
included in specifications or are too lo\v.
AIUbigllOUS phrases such as "or equivalent model"
provide loopholes for lo\ver efficiency fans to be
selected. Requiring bids to include energy
consull1ption data (for the given operating
conditions) rather than efficiency, may be more
accurate, alIo\v easier conlparison aluong bids, and
sinlplify life-cycle cost calculations.

By providing the operating conditions and asking
the bidder to calculate (and, perhaps, guarantee,
\vith penalties for nonconlpliance) energy
consun1ption, it \vould be easier to select the model
that provides the lo\vest life-cycle cost for the
given conditions. Efficiency is often treated as a
yes-no hurdle any fan that passes the screen
potentially could be selected. This approach does
not guarantee the nl0st rational choice. Another
approach \vould be to select the fan that nlinilnizes
the total lifetinle energy costs associated \vith each
nlodel by adding operating costs to the initial price
(discounted for the cost oflnoney).

Manufacturers provide detailed data on fan
efficiency (fan curves) but it is not easy to
calculate energy consu111ption for the given
conditions. SOlne lnanufacturers provide software
that autonlates these calculations for their own
nlodels, but conlparing nl0dels from several
ll1anufacturers requires learning and nlnning
several soft\vare applications. No third party
soft\vare directory such as PUlnp-Flo or
MotorMaster exists for fans and blo\vers.

Actual conditions nlay vary fronl projected design
conditions... Proper"air balancing after installation
or use of controls to align operating conditions and
fan peak perfornlance range could reduce energy
consunlption.
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less than 1 percent of annual unit sales, cOlnprise an estimated 80 percent of annual
electricity consulnption by the new units. It is estimated that 72 percent of the
approxitnately 17,000 annual unit sales are single-stage, flooded rotary screw type (Figure
3.6) (Easton 1995).

Field research and secondary sources suggest that general industrial plant air compressor
consulnption, estitnated at 27-32 TWh per year, could be reduced by 50 percent or more
(see Table 3.4). Opportunities exist to ilnprove equipment efficiency by as much as 25
percent. Efficient plant air systeln design could reduce electricity consumption by as
much as 20 percent. Finally, proper systeln operation and maintenance could contribute
as much as 30 percent savings. Together, a cOlnbination of these lneasures could result
in total system savings on the order of 50 percent or higher (Easton 1995).

Table 3.4
Energy Savings Potential in Comp.4essed Air Systems

Equiplnent 15 - 25%

Systeln Design 15 - 20%

Operations and Maintenance 20 - 30%

Source: Easton 1995.

COlnpressor "air-end" Inanufacturers/packagers are key players in the air compressor in­
dustry (see Figure 3.7). These OEMs are involved in cOlnponent design and manufac­
turing, package design and assetnbly, and in SOlne cases, distribution. As a result, they
detennine the level ofCOtnpressor engineering and design and the overall efficiency of the
cOlnpressor packages. SOlne lnanufacturers also rebuild cOlnpressors. Motor and other
ancillary cOlnpressed air systetTI cOlnponent lnanufacturers, as well as foreign air-end
manufacturers, also supply cOlnponents to the COlnpressor OEMs. Distributors have little
stake in equiplnent energy efficiency. Because lTIOst of their revenue is derived from parts
and service, they typically offer lowcost, low efficiency COlnpressor lnodels in their bids
in an attetTIpt to win the business in order to establish the lnore lucrative service
relationship.

Consulting engineers design and plan cOinpressed air systeins for ease of maintenance,
low noise, and reliability. Efficiency is rarely a priinary concern for either the designer or
the custoiner because the focus is on providing sufficient cOinpressed air to meet a need.
Few engineering firiTIS have a COlnpressor systelTI specialist on starr: and expertise is rare.
Engineers focus priinarily on ensuring the systetn can deliver sufficient air flow at the
required pressure to all point-of-use locations.
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GENERAL PLANT AIR COMPRESSOR INDUSTRY STRUCTURE

COMPONENT
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Figure 3*7 Market Structure for Industrial COlnpressed Air Packaged-Systelns
(Source: Easton 1995).

COlnpressors used in general plant air applications are attractive targets for market
transformation prograIns. Hours of use are high, and consumption is significant.
Efficiency variation across compressor types, and between different manufacturers'
products within types, means there is potential to ilnprove equipment selection practices.
Manufacturers have significant influence on equiplnent and package and controls design,
a potentially valuable leverage point. Finally, research suggests that there is significant
savings potential in systelTI design and operations and maintenance iInprovements.
Deficiencies in the industrial compressed air packaged-system market are listed in
Table 3.5.

In general, pumps perforln two basic functions in the Inanufacturing sector: pumps are
either a part of the production process (process pUlnps) or they support ancillary systems
such as cooling water loops or boiler feed systems. Process pumps are integral in the
production process. These pUlnps supply raw tnaterials and circulate, mix, and move
tnaterials throughout the process. They move liquors, stocks, and water in the pulp and
paper production process, circulate and lnix chelnical products and slurries in chemical
production, and Inove petroleuln products throughout the refining process.
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Table 3$5
Deficiencies Associated With the Compressed Air System Market

Market Deficiency

Loose test standards and voluntary participation
make it difficult to conlpare conlpressor
perfonnance across c0111pressor types and bet\veen
111a11ufacturers; selecting the most efficient
COlnpressor is difficult

There is no "watchdog" organization to certify test
results and encourage greater adherence to test
standards

Lack of desigl1 expertise resulting in sub-opti111al
systenl design, specification develop111ent, and
equipment selection

Lack of kno\vledge of high-efficiency options
including higher efficiency C0111preSSors, ASDs,
control syste111S, part-load 111echanis111S, etc. at the
end-user and specifier levels

3-13

Description

Existing test standards do not define a
standard air COlnpressor package and
test conditions sufficiently to allow
reliable conlparison of units across
lnanufacturers and 1110dels.
Measurenlent of part load
perfOr111anCe is not required. Not all
nlanufacturers use the latest
standards.

Unlike other industries in which the
trade association performs tests or
collects test data (e.g., AMCA for
fans, NEMA for lTIotors), this
'\vatchdog" function is not performed
for air C0111preSSor packages.
Standards such as ISO 1217 do exist
but have not been universally adopted.

Many design finllS or end users
design COlnpressor syste111s
infrequently and so have no
opportunity to build up their skills in
this area. Demand control is a
potentially fruitful area that has been
neglected by most designers.
Specifications rarely request data on
part-load energy consumption.
Estinlating the required capacity is
often oversi111plified leading to
oversized svstenlS.

Due to poor availability of accurate
data on energy consu111ptiol1 of
conlpressor 1110dels, it is very difficult
to evaluate c0111peting efficiency
optio11s such as part-load controls.
C0111peting lnanufacturer claims

C'" the issue further
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Table 3.5 (continued)
Deficiencies Associated With the Compressed Air System Market

Market De.ficiency Description

Poor operation and maintenance COlnpressed air systems are subject to
leaks and other maintenance problems
that can lead to excess use of air and
electricity. These systems are
typically given low priority within
manufacturing plants. As a result,
energy is wasted.

Lack of end-user a\vareness of energy Using con1pressed air to power end-
consulnption; end-users do not den1and high- use tools is a very expensive approach
efficiency C0l11preSSor systel11 designs. (air is used because its tools are light,

safe and versatile). Because it is not a
prol11inent production system it is
often overlooked and air is treated like
a "free" utility. As a result, users are
not as careful as they might otherwise
be to operate and maintain systems
\vell, and to select the n10st efficient
systen1s and equiplnent packages for
their applications.

Pumps in the Inanufacturing sector conSUlne an estilnated 120-125 TWh per year,
approxilnately 15 percent oftotallnanufacturing sector electricity consulnption and more
than one-fifth of the sector's motor-driven electricity consumption. Pumps in the
chemical, pulp and paper, and petroleUlTI processing industries conSUlne approximately
90-95 TWh, lTIOre than three-fourths of all Inanufacturing sector pUlnping electricity
consulnption. Within these three segments, process pUlnps account for about two-thirds
of the total pUlnp consulnption, or roughly 60-70 TWh.

Several types ofpulnps are used in Inanufacturing processes for pUlnping different fluids
at different pressures. For example, rotary pUlnps often handle higher pressure fluid
applications, and reciprocating diaphragln pUlnps are used where contamination
prevention is critical. However, centrifugal pUlnps dOlninate the process pump market
in tenns ofannual unit and capacity sales, installed units and capacity, and total electricity
consulnption. A typical industrial process uses Inany size and types of pumps perforlning
different functions.
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The pump "package" is not as clearly defined as other industrial equipment packages.
Manufacturers and distributors sell process pumps with or without a motor or drive.
Motors are close-coupled, long-coupled or impart power through a belt drive.

Initial field research indicates that industrial process pumping electricity consumption,
estimated at 60-70 TWh per year, could be reduced by as much as 30-40 percent (see
Table 3.6). However, the savings potential may be difficult to capture. Realizing the
energy savings potential will require a coordinated effort by all industry stakeholders.
Opportunities exist to improve pump package efficiency by approximately 5-10 percent.
More efficient system design could reduce process pump system consumption by an esti­
mated 10-20 percent. Finally, increased use of speed control could reduce pump system
consumption by anywhere frotn 10-40 percent, depending on the individual system and
the applicability of speed control devices such as ASDs.

Table 3.6
Energy Savings Potential for Process Pump Systems

Equiptnent 5 - 10%

Systetn Design 10 - 20%

Speed Control 10 - 40%

Source: Easton 1995.

The process pUlnp market is extremely cOlnpetitive and not every manufacturer serves
each process market. Manufacturers sell putnps through tnanufacturers' representatives
and distributors, or, in sOlne cases, directly to very large end-users (see Figure 3.8).
Many process putnps are engineered specifically for a particular end-use application and
thus are sold directly to the end-user through the manufacturer. Manufacturers and their
agents (internal sales staff: distributors, and manufacturers' representatives) exert strong
influences on this tnarket, as together they play a strong role in deterlnining pump
efficiency and selection.

Pump distributors vary widely in sophistication. SOlne provide design, repair, and mainte­
nance services while others sitnply order and obtain pUlnps for the end-user or contractor.
Distributors use tnanufacturer-provided manuals, pUlnp curves, and software to help
select pumps. The infoflnation provided by the manufacturers is adequate for proper
pump selection. PUlnp distributors play an important role in detertnining which pump is
chosen for a job; however, they have little sta)<e in pump system efficiency.
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PROCESS PUMP INDUSTRY STRUCTURE
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Figure 3$8 Process PUITIP Systeln Market (Source: Easton 1995).

Mechanical contractors install lTIOSt process pUlnps. Consulting engineers design nearly
all new greenfield sites (i.e., new manufacturing facilities being constructed from the
ground up) and may also get involved with system renovation or major retrofit situations.
End-users often design slTIaller system renovations theITIselves. Larger end-users, par­
ticularly in the chelTIical and petroleum industries, often have internal process engineers
who perfortTI system design work.

A nUlnber ofcurrent lnarket deficiencies prevent process pUlnp systelTIS from being more
efficient. These deficiencies are presented in Table 3.7.

306 Deficiencies Conlmon to AU 1\1otor and Motor-Driven Equipment Markets

Each industrial motor-driven equipment market, as well as the motors and drives market,
has a number ofdeficiencies that prevent motor systems [rotn being more efficient. While
some of these deficiencies, identified in the previous sections of this chapter, are particular
to individual markets, a nUlTIber ofthelTI (Table 3.8) are found in each market and could
thus be considered general deficiencies to lTIOre efficient ITIotor systelTIs. Market
transformation efforts that target these deficiencies would have broad impacts. These
efforts can also be viewed as preparing the lTIarket to accept more targeted strategies.
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Table 3107
Deficiencies Associated With the Process Pump System Market

Market Deficiency Description

A lack ofknovvledge at the end-user, PUlnp efficiency is lilnited by the size and
distributor, and specifier levels regarding shape of the ilnpeller relative to the volute or
which pump (impeller) types are applicable casing. With a larger impeller, relative to
for particular applications (which Inay the size of the volute, the clearance between
prevent the most efficient type for an the inlpeller and the volute will be smaller
application from being selected) and the pump will be more efficient. When

specifying or purchasing a pump to move
viscous fluids or those containing suspended
particles or solids, the engineer or end-user
often overestilnates the alnount of clearance
required and selects a less efficient pump.

A lack of knowledge of the applicability of Poor availability of application- and system-
ASDs and the associated energ'y savings specific infonnation regarding the
potential applicability of ASDs prevents them from

being considered in Inany process pumping
applications. End-users and specifiers are
often not \vell-infonlled regarding the energy
savings potential associated vvith ASDs and
renlain sonle\vhat skeptical regarding their
perfornlance.

End-users vveight reliability and perfornlance In nlany process applications, the value of
considerations Blore heavily than efficiency production lost due to potential equipment
concerns failure or systeln downtilne outweighs the

energy savings available from selecting
nlore efficient equipment. For this reason,
specifiers and end-users select punlps with
reliability in nlind, rather than efficiency.
This often leads to the selection of a pump
(or an ilnpelIer) that is not the most efficient
l1lodel available for the operating conditions.
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Table 307 (continued)
Deficiencies Associated With tIle Process Pump System Market

Market Deficiency Description

Over sizing due to engineering design - In process punlping applications, friction
engineers add large margins to head and buildups, particularly in piping, are often
flow requirelnents when specifying plunps to inevitable. In addition, in caustic fluid
allovv for punlP degradation and systel11 fric- punlping applications the il11peller may
tion increases over tinle erode over tilne, decreasing punlp

perfonl1ance. PUlnps are oversized to
con1pensate for these changes in pump and
system perfonl1ance. As a result, the n10st
efficient pun1p for the system or applications
not al\vays chosen.

Process systel11s are often designed to run at Manufacturers often want the ability to run a
a ntunber of flo\v rates; plunps cannot be at systen1 at less than full-load capacity in
or very close to their best efficiency points at response to changing del11and. Unless
eachflo\v rate. systenls are designed with full redundancy

and can operate in "stages" to regulate
capacity, a n10re costly approach than
sinlply regulating production vvith value or
by changing nlotor (therefore plunp) speed,
punlps \vill not al\vays operate near their
best efficiency point.

The equipment seldonl operates under A plunp is selected \vith one or more
design conditions. specific operating conditions in mind.

Because of errors in calculating the system
curve and changes in punlp and system
perforn1ance over tinle, systenls often
actually operate at a point far fron1 the
original calculated operating condition.
Under actual operating conditions, the pUlnp
selected may not be the 1110st efficient model
available.
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Table 3.7 (continued)
Deficiencies Associated With the Process Pump System Market

Market Deficiency Description

The equipnlent seldoln operates under A pUlnp is selected with one or more
design conditions. specific operating conditions in nlind.

Because of errors in calculating the system
curve and changes in punlp and system
perfonllance over tinle, systems often
actually operate at a point far from the
original calculated operating condition.
Under actual operating conditions, the pump
selected nlay not be the most efficient model
available.

Difficult to COlnpare different nlanufacturers' Pllll1P perfornlance is application-specific,
pumps because COllUl10n rating and labeling depending on the systeln and the fluid being
guidelines are 110t used. punlped. Manufacturers do not provide

perfornlance data at "colnnlon" operating
conditions. Punlp perfornlance must be
calculated for the given conditions. Some
111anufacturers provide software that
autoll1ates these calculations for their own
nlodels, but cOll1paring nlodels froll1 several
different Inanufacturers to compare
efficiency and operating cost is tinle
consunling. Third-party software such as
PUll1p-Flo would require the end-user to
reload pUll1p databases and recalculate for
each nlanufacturer's 1110dels.

3-19



Electric Motor System Market Transfolmation, ACEEE

Table 3.8
Deficiencies Comulon to AU Motor & Motor-Driven Equipnlent Markets

Market Deficiency

Lack of kno"vledge at the end-user level regarding the
energy savings potential available through optinlizing
motor-driven system design and equiplnent purchases.

Lack of incentive or motivation for ce11ain stakeholders
to promote efficient systeln design or equiplnent
purchases.

A lack of technical expertise and tools required to
accurately quantify savings potentials and verify actual
perfOlTI1anCe and savings.

CutTent efficiency facilitation efforts (utility programs)
typically focus on the equipn1ent, not systell1-level
savings 0ppo11unities. In particular the focus has been
on motors and drives ahnost exclusively.

End-users ll1ay not pelfonTI life-cycle cost analysis "vhen
considering equipnlent/
system investment.
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Description

While end-users may think they
understand the benefits of an energy­
efficient con1ponent (e. g., an efficient
pun1p), they may not understand the effect
the interaction of all the components will
have on overall system efficiency. In the
end, the addition of the lnore efficient
con1ponent could actually increase the
energy use of the systen1 as a whole.

Stakeholders such as engineering
consultants and distributors have no
incentive to specifY those con1ponents that
\vould ilnprove the overall efficiency of
the end-users system. For exalnple, an
ASD distributor has an incentive to sell
an ASD to any end-user "vho wants to buy
one, "vhether or not their system efficiency
\vould benefit from the addition of an
ASD.

In general, end-users lack the technical
ill1'oll11ation and expertise to detennine
\vhere their systen1s are cUITently
operating, and ho"v to improve or
optimize systems' perfonnance. This
deficiency also leads to sub-optimal
specification or selection of equipment.

It is easier and customary for a utility
program to focus on one component of the
Inotor systelns (e. g., many offer rebates on
the purchase of energy-efficient motors).
This discourages end-users from taking a
systems approach to efficiency
ilnprovement.

Often, end-users base their purchase
decision on first cost and use energy
efficiency as a yes-no hurdle. Instead they
should be encouraged to calculate the
total lifetilne energy costs of each of the
equiplnent options.
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ChalJter 4

FORMULATING MARKET TRANSFORMATION STRATEGIES

A market transformation strategy is built froln a Inix of different actions. A portfolio of
possible actions exists that can be grouped into two broad categories:
infrastructural/enabling and direct Inarl(et actions. This chapter will present the range of
possible actions from voluntary to mandated. Chapter 5 focuses on those actions that are
appropriate to the four motor system market segtnents and how they can be integrated
into a comprehensive market transformation strategy.

401 Elements of a Market Transformation Strategy

The fralnework for forInulating tnarket transforlnation strategies distinguishes between:
1) actions leading directly to enhanced systeln perforlnance and reduction in energy
consulnption, and 2) those that lay the foundation for follow-on actions with direct
results. We call the latter "infrastructure/enabling actions" because they build and
strengthen Inarket infrastructures to enable future Inarket actions to take place. Without
these enabling actions, direct market progress would be limited. Infrastructure/enabling
actions, in general, address knowledge, inforlnation, or awareness deficiencies that exist
in a Inarketplace. For exalnple, Inotor rebate progralns that have led to direct benefits and
results are only possible today because standards for testing and labeling motors were
already in place. Enabling actions Inay also address a deficiency within the marketplace
that allows the Inarket to naturally evolve to a higher level of efficiency without any direct
Inarket actions.

"Direct market actions" attelnpt to influence Inarket behavior directly. Actions may
include recognition prolnoting purchase collaboration and financial incentives such as
motor rebates. Direct Inarket actions are intended to directly influence the behavior of
those in the Inarketplace. There are forward and backward linkage between the enabling
actions (e.g., demonstrations showcase the resulting ilnproved perforlnance from adoption
of the systelTIS approach) and direct Inarket actions (e.g., audit services to identify and
quantify savings resulting [raIn perforlnance optilnization). While in many cases, the
enabling action is a prerequisite for conditioning the Inarket such that it is ready to accept
the direct tnarket action, there are always instances where the enabling action will not be
followed by a direct Inarket action. Silnilarly, there are other instances where direct
market actions tnay proceed independently and without need for an enabling action.

Table 4.1 lists broad categories of actions that 111ay be included as elelnents of a market
transfoflnation strategy. Different actions Inay be appropriately targeted at a specific,
industrial-sector application segtnent within each tnarket. In practice, to successfully
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implement market transformation, a number ofthese actions may need to be implemented
in parallel, with market-pull (supply-side) and tTIarket-push (demand-side) actions
coordinated in sotne way. Each of these actions is discussed in more detail below.

Table 4.1
Elelnents of a Market Transforlnation Framework

Network Or~anizationDevelopment

1I1:frastructure/Enabling Direct Market

Test protocols Recognition activities

Training and education Opportunity identification

Develop infortTIation systetTIs and databases Encourage purchasing
collaboratives

Develop/distribute decision support tools PrOlTIote facilities management
businesses

Develop best practices guidelines Financial incentives (e.g., rebates,
grants, financing, tax incentives)

Voluntary rating and labeling guidelines PrOlTIote voluntary certification

Develop COlTIlTIOn user specifications (e.g., Encourage early equiptTIent
performance or purchasing) retirelTIent

Technical Assistance MinitTIutn efficiency regulations

Delnonstrations

Research and developlnent

11ifrastructure/Ellablillg Actio/IS

Infrastructure/enabling actions, in general, address knowledge, inforlTIation or awareness
deficiencies that exist in a tTIarket. The following are descriptions of some actions that
Inay be included as elelnents of a Inarket transforlnation strategy.

II Test Protocols. If efficiency choices are to be tnade in the marketplace,
it is necessary to have a consistent indicator of relative product
perforlnance. Test procedures provide that cotnmon basis upon which to
cOlnpare perforlnance. The criteria for developing these procedures are
that they can be perforlned at a reasonable cost, be readily reproducible,
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and provide an indication of the relative perforlnance of the product in
service. Because the perforlnance of a product in an actual application is
often influenced by many variables, the test procedures are frequently not
designed to accurately measure actual performance.

Trainin~, Education, and Technical Assistance. With many motor system
applications requiring site-specific design, it is necessary to make
specialized technical resources available to end-users to optimize the
design and equipment selection. Many programs have been limited by a
lack ofavailable expertise. A DOE Roundtable held in 1993 identified the
lack of motor systeln expertise as a significant barrier to improving the
efficiency of electric motor systems. Innovative programs such as the
Perforlnance Optitnization Service (POS) program (Carroll et al. 1994)
not only have provided technical assistance, but also are providing training
to designers and users about the design process required to optimize the
design of electric-Inotor systelns.

III Inforlnation Systetns and Databases. Knowing how to measure a
product's perforlnance is only the first step in selecting the most efficient
product. Its perforlnance lnust be compared with that of other available
products. Therefore, it is critical that product perforlnance data be
collected and presented in a fortn that is accessible to end-users as has
been done for electric Inotors with the MotorMaster Data Base (WSEO
1994) and the Canadian Utilities' Motor Catalog (Hydro Quebec 1994).
Many decisions are involved in the design of these databases, such as
whether to accept manufacturers' reported data or to require independent
testing verification. These decisions represent quality evaluations. With
many lTIotor-systelTI products, little or no data are available, so it is
ilnpossible to lnake any infortned selection decision.

Decision Support Tools. The application of motor drive equipment
detennines the systelTI efficiency in tnany cases, as was discussed earlier.
Knowing the efficiency of products is a tnajor step in the design process,
but tools that can aid in systelTI design and selection of motor-driven
equiplnent can assist designers and end-users in optilnizing system
efficiency. Such software is cOlntnercially available for designing and
selecting pUlnps and fans, though in SOlne cases it is Inanufacturer­
specific, not allowing for cOlnparison across all available equiplnent.
Many of these tools also include financial analysis cOlnponents that aid in
the decision lnaking process and help to justify the investlnent in energy
efficiency.

In addition, tools can aid in the Inanagelnent of lnotor systems.
Significant energy savings opportunities have been identified from
establishing a Inotor repair and replacement policy. Integral to
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management is establishing a motor inventory. Software tools can aid in
this process, and may be integrated into preventive maintenance programs
(IEL 1993).

II Best Practices Guidelines. The proper application of motors and motor­
driven equipment has been identified as the most important aspect of the
energy efficiency of a motor system (Elliott 1994). In the industrial
sector, it is often infeasible to make general recommendations for the
application of equipInent because Inany of the applications are process­
specific. There are, however, cases where general application
recomInendations would be beneficial to the design and specification
comInunity, and to the end-user. In SOlne cases these may be guidelines
for those issues to be considered, rather than explicit specifications. These
suggestions can reflect the best practices ilnplemented by those with a
proven record of good Inotor systeln managelnent.

Voluntary Rating and Labeling Guidelines. In order to easily compare a
product's efficiency with that of other similar products, a cOlnmon rating
or labeling systeln that allows consulners to select products by efficiency
class is valuable. In order to make such deterlninations, both an accepted
test procedure and inforlTIation about the perfOrlTIanCe of available
products is required.

COlntTIOn User Specifications. While ITIuch about industriallTIotor systems
is application specific, there relTIains an ilTIportant role for guideline
specification for the purchase of efficient products and services. These
specifications can range frOlTI a silTIple definition of what is efficient, to a
lTIore cOlTIplex guideline on how to prepare a purchase specification for a
product or service. These guidelines may also provide a user with
inforITIation on how a product should be applied and a reasonable
expectation of how it should perforlTI.

A significant part of energy efficiency
ilTIprOVelTIents has been due to technology evolution and innovations.
There have been ilnprOVelTIents in the efficiency of induction ITIotors (Van
Son 1994), the efficiency, affordability and reliability of ASDs (EPRI
1992), and new ITIotor designs (E-Source 1994) in the past decade. Non­
lnanufacturer groups such as EPRI have helped with the research that has
supported this product developlTIent.

DelTIOnstration. Once new products are developed, it is necessary to test
and delTIOnstrate their perforlTIanCe in actual applications. DetTIonstrations
also allow potential users to see how these products may be of benefit to
thelTI.
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Once the informational and infrastructural deficiencies are addressed by enabling
activities, sometimes no further action is required for the market to move to greater
energy efficiency. In other cases, additional activities are required to overcome the inertia
or other barriers of the marketplace.

Direct Market Actio/IS

Direct market actions are intended to directly influence the behavior of those in the
marketplace. As discussed previously, the infrastructural/enabling actions discussed
above are frequently required first to establish the information and awareness foundation
upon which these direct market actions can be built. Some exalnples of direct market
actions appear below:

II Voluntary COlntnittnent and Recognition Activities. Recognition of
leadership alnong peers has long been a staple in the promotion of energy
efficiency with progralns such as EPA's Green Lights and Energy Star
equipInent progralns. Voluntary cOInmitInent and recognition are also an
iInportant part ofDOE's Motor Challenge. These programs elevate the
importance of energy in the eyes of corporate managelnent by providing
a public foruln for pledges and accolnplishInents in energy efficiency.

Opportunity Identification. Many tnanufacturing cOlnpanies, particularly
slnall- and ll1ediuIn-sized, do not have the tilne or expertise to identify
energy efficiency ilnprovelnent opportunities (Elliott 1995). A successful
approach has been to provide "audit" services to end-users to assist them
in identification and prioritization ofthese opportunities. These audits can
take the [orIn of the "walk-through" type audits performed by DOE's
Energy Analysis and Diagnostic Centers, state energy offices and many
electric utilities. Audits identify "generic" efficiency opportunities, many
ofwhich involve generallnaintenance, operation or increlnental equipment
upgrade actions.

A nUlnber ofutilities and other entities also offer more in-depth "process"
audits conducted by experts in particular industries. These efforts focus
on "systelns integration" and "perforInance optilnization," and normally
involve site-specific evaluation of production processes, recoInmendations
for elilnination of waste and changes to the production process (Smith
1995).

II Purchasing Collaboratives. A single entity has limited purchasing clout
and presents a slnall sales opportunity in the tnarketplace. If several
entities coordinate their purchasing of energy-efficient products, they can
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exert greater influence on the tnarketplace and attract the interest of
manufacturers and suppliers. Market aggregation through purchasing
collaboratives can be facilitated by numerous groups such as governments,
utilities, trade associations, or regional collaboratives.

Facilities Management Businesses. One new approach to managing motor
systems is to look to an outside group to own and operate the system
delivering the service (e.g." compressed air, chilled water). The facilities
management company is motivated to implement cost-effective, efficiency
measures since energy will be a major portion of their variable cost. The
Easton Study (1994) identified this concept as a promising new business
venture opportunity. Some electric utilities are already beginning to look
at these service agreelnents as a means of offering greater value to their
customers (Elliott 1995).

Financial Incentives. Financial incentives offered by electric utilities in the
United States and Canada have played a lnajor role in encouraging
increased efficiency of electric tnotors (Van Son 1994). Incentives have
targeted end-users, suppliers, tnanufacturers and specifiers. Incentives can
address tnany ll1arket barriers, alnong theln the higher price of alternative
products, lilnited stocking of alternative products by distributors, litnited
production and distribution of alternative products by tnanufacturers, and
hesitance to specify alternative products by designers. It is important to
set the efficiency levels for which financial incentives are provided at
appropriate levels if correct tnarket signals are to be sent (McKane 1994).

In spite ofthese proven benefits and cost effectiveness, incentives can be
expensive. Changes in the structure of the electric utility industry and
delnand-side Inanagelnent progralns, as well as national miniinum
standards taking effect, will likely litnit the future use of conventional
utility rebates (Elliott 1995), though SOine new progralns are being
introduced such as CINergy's ASD rebate program (Bolubasz 1995).
Also, utilities ITIay shift the etTIphasis away from end-users, toward dealers
or lTIanufacturers in order to reduce costs while still influencing the
tnarketplace.

Voluntary Certification. When a buyer looks for technical assistance, he
seeks SOlne indication of the proficiency of the provider. The end-user
fi4 equently cannot assess the technical cotnpetence of the service provider
because 11e doesn't have the expertise internally (which is why they are
seeking the assistance). Certification provides a tneans of identification
of proficiency (as we see with ITIedical and engineering professionals).
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The certification can be provided by many different groups including
professional trade associations, electric utilities or governmental entities.

Encourage Early Equipment Retirelnent. While effecting new equipment
selection and equipment replacelnent decisions are the least difficult
portions of the motor systeln population to target, they do not address
much of the installed base of motor systems that can operate for many
years. If the efficiency ofthe overall population is to affected, actions will
be required that encourage change-out of operating equipment. Since it
is often not-cost effective to replace operating equipment, specially
targeted incentives - perhaps financing, rebates or tax credits - will be
required to affect the installed population.

Minilnuln Efficiency Regulations. Regulations set minilnum levels thus
eliminating SOlne energy-inefficient new products and practices from the
tnarketplace. Regulations can take Inany of the forlns discussed in the
introduction including lninilnuln efficiency requirements, standard
practices, and required use of certified professionals (e.g., engineers,
technicians or installers). Minilnuln efficiency requirements on integral
horsepower induction lnotors should take effect in Canada in early 1996,
and are scheduled to take effect in the U.S. in October 1997.

Analyses of efficiency trends in the new Inotor marketplace indicate that
regulations have had a profound effect. In anticipation of the minimum­
efficiency regulations, efficiencies of both standard and high-efficiency
lnotors have been rising (Van Son 1994). While sOlne controversy has
surrounded the appropriateness and ilnplelnentation of the regulation (in
part resulting frolTI the cOlTIplexities associated with application of
motors), no one questions that the law has increased awareness of motor
efficiency issues and the efficiency of new Inotor populations.

Regulations are not the ultilnate solution for all products, however.
MinilTIuln efficiency levels can be difficult to set (McKane 1994),
especially ifcOlnplete infonnation is not available about a product. SOlne
products such as ASDs are not alnenable to lninimum efficiency levels,
since the application, not the inherent efficiency ofthe product, determines
the energy consulTIption. In addition, lninimuln energy efficiency
requirelnents lnay not take into account the relationship of energy
efficiency to other operating paralneters. An exalnple is V-belts in which
belt slip, an inefficiency, often provides the overload protection for the
systeln. Changing to cogged belts inlproves efficiency but reduces the
overload safety protection.
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Network Orgal1izatiol1 Develop111el1t

Fundalnental to all these actions is the developlnent of networks of stakeholders,
including end-users, tnanufacturers, distributors, designers, researchers and other market
influencers. As was seen at the recent DOE ROU11d Table OIl Market TraIls/ormation
Strategies/or Illdl,fstrial Electric Motor Syste111S (DOE 1995), limited interaction exists
between various stakeholder groups. Improved communication is required to undertake
many of the actions discussed above. In SOlne cases, one group many have valuable
infonnation available that others are unaware exists, as is the case with fan manufacturers
and industrial end-users. It is essential to involve manufacturers when developing a test
procedure or perforlnance database since not only do they have a real, vested interest, but
they possess significant knowledge about the products they manufacture. However, in
the industrial arena the end-user is likely to possess essential inforlnation about the
application of the equiplnent. Thus, end-user involvelnent lnay be necessary to achieve
an optimal systeln design. The network brings key parties together in an attempt to create
benefits to all involved.

402 Formulating Strategies

Market transforlnation activities should always keep sight of their targets to achieve
maxilnUlTI inlpact. The elelnents selected, and the forlns that they take are deterlnined by
the product, Inarket characteristics, and the lnarket deficiencies to be addressed. Different
actions tnay be appropriately targeted at specific industrial sector application seglnents
within each lnarket. For exalnple, regarding industrial fans and blowers, there are several
application subsegtnents, such as lnechanical draft, exhaust, drying, and air cleaning. The
fan/blower seglnent also involves several types of equiptnent, including, for exalnple,
boilers, ovens, ventilation, autolnobile painting, dust collection and air pollution control
equiplnent.

Another aspect oftargeting actions is the point in titne that the actions affect the market
players. For exalnple, sOlne actions affect lnarket players prior to the sale to capitalize
on potential lost oppol1unities (e.g., availability of efficient tnodels froln OEMs,
equipment selection or systeln design), others at the tilne of sale (e.g., end-user repair and
replacelnent policies), and SOlne long after the sale (e.g., Inaintenance, repair, cOInponent
replacelnent, and operations practices). The first two time-categories relate to transac­
tions involving new or replacelnent equiplnent, the latter to the installed base. While total
potential savings are greater for end-users who are involved in transactions that take place
long after the sale, transactions prior to or at the tilne of equipment sales are more
attractive from a program point of view because of the high potential for leveraging
prograln efforts. It Inay also be necessary to undertake actions in parallel. For exalnple,
creating delnand for tnotor systeln expertise without addressing the lack of available
experts will cause the first action to fail.
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Market transformation strategies target specific Inarket players (e.g., OEMs, distributors,
specifiers, installers, and users) and actions for different "levels of the system" that will
best enable market transfonnation goals to be achieved. The "level of the system" refers
to whether the program is aimed at thecotnponent (e.g., motor or fan), the packaged
system, or the integrated system (including systetn layout and control). Examples of
strategies that may be targeted at component, packaged-system, and integrated-system
levels are as follows:

component

packaged-systetn

integrated-systelTI

- promote increased high-efficiency components (e.g., energy-
efficient Inotors, efficient itnpeller types, more efficient belts)

- itnprove equiptnent designs,
- develop efficiency ratings
- develop perfortnance guidelines

- prolnote perforlnance optilnization services
- itnprove operation and lnaintenance practices
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CHAPTER 5

ELECTRIC MOTOR SYSTEM MARKET
TRANSFORMATION STRATEGY

5.1 Introduction

Transformation of the electric-motor systelTI marketplace to greater efficiency is a
complex process, involving linked actions and a diverse group of stakeholders. The
strategy discussed in this chapter represents the culmination of extensive market research
by a number ofgroups (including DOE, ACEEE, CEE, New York State Energy Office
and Easton Consultants) that focused both on the generic market transformation process
and the electric motor systeln (EMS) Inarket. Various investigators have pursued market
research in the elnerging field of tnarket transforlnation from a generic perspective,
seeking to define an overall approach to strategy developlnent. ACEEE and eEE were
two early contributors to the Inarket transforlnation literature who participated in this
study. A nUlnber of key papers on the topic were presented at the 1994 ACEEE SUJ1'1J11er
Study 011 Ellergy EfficiellCY ill BuildillgS (Feldlnan 1994, McKane 1994, McMenamin et
al. 1994, Oswald et al. 1994, Wirtshafter and Sorrentino 1994).

The EMS market research helped describe the tnarket structure and identify the market
deficiencies presented in Chapter 3. The generic research yielded the strategic framework
presented in Chapter 4. This chapter applies the Chapter 4 fralnework to the fOUf specific
EMS segments profiled in Chapter 3, resulting in development of a comprehensive action
set that also reflects the input received froln participants at the April 1995 Market
Transformation Round Table lneeting.

Market Assessment Approach

The overall approach to motor systetn Inarket transformation development is presented
in Figure 5.1. Two parallel paths of Inarket research were conducted. The EMS research
profiled the structure of the EMS Inarket seglnents (Chapter 3), identified the market
deficiencies (discussed in Chapter 3 and sUlnlnarized in Table 5.1), and compiled a
comprehensive menu of potential market actions (Appendix A). The generic market
transfonnation research helped lay the foundation for a more cOlnplete understanding of
the market transforlnation process, and identified the type of enabling and direct market
actions generally applicable to Inarket transforlnation initiatives. Most of the prior
experience on which this study is based took place in areas such as lighting, building
energy systelns, and residential appliances. The challenge inherent in developing the EMS
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Table 501
Electric Motor System Market Deficiencies

Motors and Drives
Insufficient knowledge on true savings potential of energy-efficient luotors and ofASD applicability
Uncertain and changing definitions of "high" and "preluitun" eHiciency luotors are confusing and
potentially luisleading to stakeholders
Sub-optitual failed luotor situation practices including poor Inotor rewind practices and "like-for­
like" and low first-cost purchase behavior.

Fan and Blower Systems
ASDs under used due to lack of knowledge of applicability and high first-cost ofASDs
Lack of systetu design expertise creates frOIU an efficiency standpoint sub-optitual system design,
specification developtnent, and equipluent selection

• The most efficient fan type for the specific operating conditions is often not used due to lack of
information about alternative equiplnent designs and performance capabilities

• Equipment/system end-users and purchasers do not always specify minimum efficiency levels or
energy consumption requirelnents

• End-users may base purchase decisions on first cost and do not consider the life-cycle energy cost
savings associated with higher-efficiency fans

@ It is difficult to make comparisons between different Inanufacturers' products because the
existence of energy efficiency perfonnance data is not widely known or easily analyzed

G The equipment seldom operates under design conditions

Compressed Air Systclns
@ Loose test standards and voluntary participation Inake it difficult to compare compressor

perfonnance across cOlnpressor types and between manufacturers; selecting the most efficient
compressor is difficult

• There is no "watchdog" organization to certify test results and encourage greater adherence to test
standards

@ Poor operation and maintenance practices
@ Lack of design expertise resulting in sub-optilnal systenl design, specification development, and

equipment selection
@ Lack of knowledge of high-efficiency options including higher-efficiency compressors, ASDs,

control systelns, part-load mechanistns, etc. at the end-user and specifier levels
@ Lack of cooperation alnong industry stakeholders to prolnote efficiency
e Lack of end-user awareness of energy consuInption; end-users do not demand high- efficiency

compressor system designs

Processed PUlnp Systems
@ A lack of knowledge at the end-user, distributor, and specifier levels regarding which pump

(ilnpeller) types are applicable for particular applications
@ A lack of knowledge of the applicability of ASDs and the associated energy savings potential
$ End-users weight reliability and performance considerations more heavily than efficiency concerns
@ Over sizing due to engineering design - allowance for pUlnp degradation and system friction

losses
@ Process systelns designed to run at varying flow rates; therefore, pumps frequently operate far

from their best efficiency point
@ Difficulty cOlnparing different Inanufacturers' pllInps - COlnmon rating and labeling guidelines not

used
@ Equipment seldoin operates at design conditions
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5$1 Electric Motor SystelTI Market Transformation DeveloplTIent

market assessment approach was drawing on this prior experience to address much more
cOlnplex and interactive electric lTIotor-driven industrial processes.

Selection Criteria

The EMS market research yielded an extensive listing of potentially applicable market
actions (as included in Appendix A). The extent of this listing reflects the complexity of
the EMS Inarket. While this listing was helpful in doculnenting the full range of possible
actions, its length suggests that a realistic exalnination of options must focus on a subset
of leading actions. Project investigators quickly recognized that identification of
prelitninary market actions was needed to create a workable base for ongoing market
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participation. To screen the wide range ofmarket actions in Appendix A and arrive at the
preliminary action set for detailed discussion and analysis, actions were selected that:

1. offer the greatest leverage potential. The selected actions should target:
(1) market deficiencies with the greatest likelihood of being overcome, least
resistance to change, and offering the greatest opportunity to leverage the impact
ofother relevant actions; and (2) market actors most ready to change established
patterns of behavior and decision-making processes.

2. Relnove common barriers. Selected actions should target the relnoval of common
barriers supporting Inultiple Inarket deficiencies, and address themes that are
common to individual Inarket segInents and that cut across the entire electric
Inotor system.

3. Yield the greatest technical opportunItIes. The ilnplelnentation of market
transfonnation actions that result in the greatest efficiency gains will prove out the
effectiveness of the approach, catalyze expanded industry and other stakeholder
support ofthe program, and help build a foundation for initiation of longer-term
actions with less quantifiable results.

4. Represent a balanced portfolio Inix. The prelilninary action set should include a
mix ofactions that: (1) target different systeln levels (colnponent, package-system
or integrated-systeln, (2) represent key enabling and direct Inarket actions, and (3)
target specific influential market players (e.g., end-users, distributors, specifiers,
etc.).

These criteria recognize that each Inarket seglnent has unique characteristics, displays
varying deficiencies, is at a different point in its developlnent, and requires Inore or less
movelnent toward greater energy efficiency. As a result, the prelitninary actions selected
for each seglnent Inay be different.

The selection criteria discussed above were applied to the cOInpilation of potential EMS
market actions (Appendix A) to develop the prelilninary EMS action set (see Table 5.2).
This action set played a key role at the Market Transforlnation Round Table, a meeting
organized to bring together a broad cross-section of institutions concerned in one way or
another with electric Inotor systelns. Round Table participants included industrial
customers, Inotor tnanufacturers, Inotor distributors and Inanufacturing representatives,
original equipInent Inanufacturers for three Inotor-driven application segments (i.e.,
fan/blower systems, air COInpressor systetns, and process putnp systems), electric utility
experts, government officials, and tnarket researchers and strategists.
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Table 5.2
Preliminary EMS Action Set

COlnlnon Across Mnrl<cts FnnlBlolvcr Systcrns

IIIlI

II

II

IIIlI

II

I!il

Rating and labeling guidelines for fan
and blower, air compressor and pump
packages
Access to quality technical, marketing
and financial infonnation on the
Intenlet
Establish purchasing collaboratives
Life-cycle costing tools and
methodologies
Electric nl0tor-driven systems
certi fication prograIn
Education and training of strategic
marketing for motor syste111s products
and services
Demonstration projects
Early equipment retirement
Market transfom1ation partnerships

II Develop common purchase
specifications for fanlblower packages

II Fanlblower selection software

Ai.. Compressor Systems

II Develop con1111on purchase
specifications for air compressor
packages

II Plant air compressor package testing
procedures

IIIB COInpressed air facilities outsourcing

Process Pump Systems

III Training program for existing and
new pump systems

iii Rating and labeling guidelines for
n10tors

II Quality assurance re\vind guidelines
and practices

II Best practices for et1icient 1110tor
re\vind

One of the specific objectives of the Round Table was to design a portfolio of specific
actions to achieve Inarket transfoflnation. This resulting action set was to help in the
fOrlTIulation of a blueprint for a coordinated, national effort involving business,
goverrunent, utilities and other interested parties for achieving sustainable ilnprovelnents
in industrial perforlnance and energy etnciency. The prelilninary action set (Table 5.2)
was presented to Round Table participants at the April 1995 meeting, and comments and
suggestions fOf additional actions were solicited.
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Final EMS Action Set
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• quality assurance
re\vind guidelines
and practices

e market transformation
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communication

• training in strategic
marketing for motor
systems product/services

• training program for
performance
optinlization

• develop models of
optimized systems

~ develop case studies for
benchmarking

~ conduct pump seminars
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• market transformation
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marketing for motor
systems product/services

• training program for
performance optimization

• promotion ofenergy­
efficient fans and blowers
through education and
awareness

• market transformation
partnerships

• plant air compressor
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system products and
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Information
Systems and
Databases
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information
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benefits

• Internet access to
technical, marketing, and
financial data

• focus on non-energy
benefits

• Internet access to
technical, marketing and
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., case studies ofcost
savings & performance
improvement benefits

• Internet access to
technical, marketing
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fact sheet
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package efficiency
labeling
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package efficiency
labeling
standardize
performance reporting
practices for the fan
industry
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Table 564 (continued)
Final EMS Action Set

develop guidelines for I •

package efficiency
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Common User
Specifications

~ Develop Specification
Guidelines

• Develop common
purchase specifications
for packages

• Develop common
purchase
specifications for
packages

Demonstrations • • •
projects

Purchasing
Collaboratives

• establish
collaboratives

• establish collaboratives ~

collaboratives
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Facilities
Management

Financial
Incentives

Voluntary
Certification

Early
Equipment
Retirement

• early retirement
program

• identify and provide
financial (and non­
financial) incentives

• develop certification
process for pump
packages

• early retirement
program

.. compressed air
facilities outsourcing

• improve the
consistency and
availability ofplant
energy audits

I
• identify and provide
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5.5 Final EMS Action Set

The DOE Market Tral1sjornlatiol1 ROU11d Table provided valuable insights into the EMS
market transforlnation process, and allowed an expansion of the preliminary action set
based on meeting input and the expert judgement of participants. The resulting final
action set combined the market research and Round Table input (see Appendix A).

The Final EMS Action Set reorganizes the preliminary actions and Round Table
conclusions into the generic actions categories presented in the Chapter 4 strategic
framework. In addition, the actions that are COlnlnon across markets are repeated under
the market segments to which they apply. The actions shown in italics are those additions
made at the Round Table meeting. The combined total of 61 actions in the Final Action
Set provides a foundation for subsequent itnplelnentation by stakeholders. Details on
each action within the Final Action Set are presented below. Following these discussions,
the highest priority actions are discussed in detail.

506 Illustrative Program Exanlple

Market transforlnation activities should always keep sight of their targets to achieve the
greatest energy efficiency ilnprovelnent that is technically and econolnically achievable.
Different actions Inay be appropriately targeted at specific industrial sector application
seglnents within each ll1arket. While, in tnany cases, the enabling action is a prerequisite
for conditioning the Inarket such that it is ready to accept the direct market action, there
are always instances where the enabling action will not be followed by a direct market
action; sitnilarly, there are other instances where direct market actions may proceed
independently and without need for an enabling action. To facilitate a complete
understanding of the interaction between enabling and direct Inarket actions, the following
example of a Inarket transforlnation activity is presented for the cOlnpressed air system
market seglnent.

Packaged cOlnpressed air systelns have been singled out by tnarket participants as the one
area lnost in need of standard, voluntary test procedures and performance certification
guidelines. Current conditions in this Inarket seglnent tnake it difficult to compare
perfonnance across COlnpressor types and alnong Inanufacturers, Inaking it a difficult task
at best to select the lnost efficient air COlnpressor package-system.

The prolTIulgation of widely-accepted, voluntary test procedures for air COlnpressors
would provide a foundation for easy cOlnparison of COlnpressor perforlnance. As
cOlnpressed air systetn end-users beCOlne lnore sophisticated and delnanding in their
purchasing practices, OEMs would be encouraged to adhere to energy efficiency rating
and labeling guidelines to Inaintain Inarket shares and satisfy custolner requirements.
Broadly-endorsed certification progralns for validation of test results would increase the

5-10



Electric Motor Systems Market Transfolmation, ACEEE

comfort level of systeln so purchasers that their decision process was conducted on a
"level playing field. II

Successful transforlnation of this market segment requires a combination of both an
enabling or infrastructural change, coupled with selected direct-market actions. The
enabling action is development of a voluntary test protocol for air compressor package
efficiency testing. However, existence of the protocol alone will do little to move the
market toward greater efficiency. A nUlnber ofdirect Inarket actions, including voluntary
certification, establishing purchasing collaboratives, and development of common
purchase specifications for packages, are needed to initiate the market transformation
process (see Figure 5.2).

Common Purchase
Specifications for

Packages

Direct Market Actions

Systems Certification
Progra m

Establish Purchasing
Collaboratives

Enabling Action

In this exalnple, the enabling
action of establishing the air
compressor package testing
procedures prepares the Plant Air Compressor

market for the direct actions Package Testing
Procedures

to follow. Silnilarly,
existence of the testing
procedures would have little
market ilnpact without a
means of certifying the

accuracy and application of Figure 502 Exalnple of COlnpressed Air Systeln
the procedure, encouraging Market Action Integration
end-users to specify the
testing and certification of
purchased COlnpressor systelTIS, and focusing the cOlnbined lnarket power of groups of
custolners in a collaborative venture to delnand equipment lneeting the testing
requirement. These forward and backward linkages are quite typical of the relationship
between the enabling and direct tnarket actions. However, as noted earlier, a given
enabling action is not always a precursor for one or lnore direct Inarket actions - in a
given situation each type of action Inay proceed independently of the other.

Actions

From the Final EMS Action Set presented above, the Round Table participants and other
EMS tnarket stakeholders identified a set of leading actions that either meet pressing
market needs today, or have the greatest near-term potential to initiate the market
transforlnation process on a fast-track (Table 5.4). As is seen froln the previous
discussion, there are Inany potential actions and it is difficult to choose which to pursue.
These leading actions appeared to resonate with Round Table participants in that they
addressed a good Inix of short-terlTI concerns, and pave the way for eventually
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institutionalizing energy efficiency as part of the corporate culture. While some areas of
concern were equally or more itnportant, they were not selected because no clear path to
implement an action was seen. It was felt that there were so many opportunities that it
was better to work on those for which a clear path was seen and to defer others until a
later time. Each leading action is discussed below, presented within the generic action
category identified in the final action Set.

Table 504
Leading Motor System Market Transformation Actions

Action Category Leading Actions

Training and Education • training in strategic Inarketing
@ perfornlance optinlization training
e custolner lnotor a\vareness

Information SystelTI and e equipment performance and cost
Databases/Common User database
Specification @ estinlation of non-energy benefits

@ perfornlance and costing-saving case
studies

• COlTIlTIOn equiplTIent and service
purchase specifications

Decision SuppOl1 @ life-cycle costing tools
@ equiplTIent selection soft\vare

Voluntary Rating and Labeling @ guidelines for package-systelTI
perfornlance

@ standardized energy use reporting
for fans

@ infornlation on air compressor test
procedures

Trail1illg GIld Educatiol1

There is a fundalnentallack of knowledge of energy efficiency issues alnong end-users,
specifiers, and distributors. Therefore, education is a key cOlnponent in the effort to
creating more sophisticated, delnanding buyers. Training programs should be targeted
at both end-users and design professionals. Training should provide technical and
performance inforlnation, including systeln design expertise and techniques for identifying
efficiency itnprovelnent opportunities. The training and education progralns should rely
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heavily on iteins such as directories of stakeholders, services, and information, as well as
case studies on real-world efficiency iInprovetnents.

I,7jornlatioll Systenls alld Databases/Conlnl011 User Specijicatiolls

These actions include the development of purchasing specifications for individual system
components (e.g., pumps, fans/blowers, air compressors). These specifications would
ensure that the end-user is specifying energy efficiency when procuring a motor-driven
system or component. Development of a cOlnprehensive Specifier's Guidebook would
incorporate case studies highlighting cost and perforlnance characteristics of EMS
equipment.

Developlnent of databases of equiplnent cost and perforlnance specifications, similar to
the successful Motor Master database should be developed for other motor-driven
equipment such as fans and blowers, pumps and air cOlnpressors. While some vendors
provide this data on their own products, it would be desirable for these databases to list
siInilar equiplnent available [roln Inost, if not all, Inanufacturers.

In most cases, electricity accounts for only 5 percent oftotallnanufacturing costs. As a
result, non-energy benefits such as productivity, reliability, quality and cost can provide
a way to interest the end-user in energy-efficient lnotor systetns. Quantifying these costs
will help to focus lnore attention on the efficiency of the system, rather than on the
efficiency of an individual cOlnponent.

Decisioll Support

End-users need decision-lnaking software tools to help them identify opportunities for
energy savings. Motor systetn cOlnponent selection software can provide decision-makers
with accurate, standardized infonnation on the availability of energy-efficient components.
These tools should include life-cycle cost analysis tools, as well as application guidelines,
and O&M reCOlTIlnendations.

VO!Ulltaly I?atillg (Jlld Labelillg

Rating and labeling practices need to be standardized for individual Inotor-driven system
components. 1~his will ilnprove the end-user's or specifier's ability to COlnpare different
manufactured cOlnponents. Rating and labeling will also protect the end-user, ensuring
that the Inanufacturer is held responsible for any energy efficiency claims. The
development of a COlnmon definition for what is high efficiency would go a long way
toward addressing the confusion that currently exists in the marketplace. Fact sheets
could be developed that educate end-users about packaged systetTI efficiency testing
procedures and the ilnportance of efficiency.
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5.8 Implementing the Actions

It is anticipated that the Final EMS Action Set, and especiaIIy the leading actions
identified above, will form the basis for subsequent early ilnplementation consideration
by the Motor Challenge Program. This report wiII be used as a dynamic starting point by
DOE's Motor ChaIlenge Prograln for an aggressive Inarket transforlnation initiative, with
the participation ofMotor ChaIlenge partners and aIIies. The roles of market players and
strategic partnerships are discussed in detail in Chapter 6.
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CHAPTER 6

POTENTIAL ROLES OF MARKET PLAYERS
AND STRATEGIC PARTNERSHIPS

691 Potential Roles of Market Players

The types of organizations that may play roles in implementing market transformation
activities include: end-users; industry and professional trade associations; motor, ASD,
and original equiplnent manufacturers (OEMs); utilities; distributors; government
agencies; engineering consultants and contractors; educational institutions; public interest
groups; and research organizations.

Many ofthese parties have already played an active role in helping to design the strategic
actions listed in this paper. Certain parties may engage in direct market participation,
while other parties, such as governlnent and trade associations, are expected to playa
facilitation and support role. SOlne organizations tnay have a broad range of interest and
be involved in activities that cross severaltnarkets, while others tnay want to be vertically
focused on a particular equiplnent seglnent or specific end-use or tnarket segment.

602 Strategic Partnerships

Partnerships and alliances between tnarket players can enhance strategic business
opportunities and foster developlnent of cost-effective market transformation programs,
particularly where cOlnmonalities exist to leverage resources and cOlnbine strengths.
Partnerships, alliances, and collaboratives can also greatly influence purchasing power.
They can create large Inarket delnand, influence product Inix and pricing, and encourage
the introduction of higher-efficiency products and services. By pooling knowledge,
working cooperatively and sharing cost, paIinerships enable Inarket players to undertake
ambitious efforts (e.g., developlnent of test procedures and energy-efficient product
databases) that might otherwise be prohibitive for a single organization to undertake.
These partnerships are characterized by such efforts as the Motor Challenge Program, the
Midwest Motor Systetns Consortiuln, the CEE Motor Systems COtntnittee, and the
Canadian Coordinated Utilities.

Strategic partnerships can be fOflned at the regional, national, and international level.
Initiatives at each level have different and often complelnentary characteristics. For
exalnple, regional efforts can provide support and address issues that are unique to
regional and localtnarkets. Nationally, organizations such as CEE can work to develop
consistent national progralns and develop essential links with lnanufacturers to market
efficient products and services. Equiplnent Inanufacturers are growing Inore global. For
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example, the North American Free Trade AgreelTIent (NAFTA) includes language
encouraging the harmonization of standards alTIOng the United States, Canada and
Mexico. These types of partnerships are described in lTIOre detail below.

II Regional Partnerships. A regional partnership offers frequent interaction
between the members and supports individuals involved in the decision
process at the regional and local level. These partnerships can also
address unique local issues. These can include such situations as regional
concentrations of a specific type of tTIotor system application for which
there are opportunities for significant replication. It also offer
opportunities to harmonize local utility program designs. These regional
partnerships can be focused around specific professions, markets or
seglTIents (e.g., building lTIanagers, textile plant engineers, distributors,
tTIotor repair shops, etc.) or bridge across different categories such as the
Midwest Motor SystelTIS ConsortiutTI. They are well suited to deliver
initiatives that are ailTIed at developing and supporting local constituents
such as end-users, vendors and local trade skills developtTIent.

National Partnerships. National partnerships can help to address markets
that are loosely connected and regionally skewed. These efforts may
involve activities that would be difficult to ilTIplelTIent with a high degree
of success at the regional or local level, such as testing and verification,
energy efficiency ratings and labeling, and research and development
progralTIS. Incentive progralTIS for manufacturers may be most effective
at the national level because of the size of the lTIarket effected.

International Partnerships. At the international level, the potential for
partnerships exists to address technical and inforlTIational issues. For
exalTIple, Canada and the U.S. have been successful in harlTIonizing motor
test procedures and minimulTI perforlnance levels. These efforts benefit
organizations in both countries by 111aking consistent inforlnation available
in an increasingly global equiplnent Inarket, as well as streamlining and
prolTIoting trade activities.

PHI"ticipating in the Marl<et Transformation Process

Numerous opportunities exist for involvelnent in Inarket transfonnation partnerships. The
extent of the partnership will be driven by opportunities to capitalize on the benefits of
shared resources and a COlnlTIOn vision. This Inay involve participation in existing
activities, creating new partnerships, and/or collaboratives or business alliances to
maximize market transfonnation opportunities. The six exalnples below reflect the range
of national and regional opportunities available.
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DOE Motor Challel1ge

The Motor Challenge prograln was established by the U.S. Department ofEnergy to help
stakeholders transfonn lnarkets and to facilitate the development and adoption of the best
equipment and practices possible in pursuit of the program mission of "creat(ing) a
partnership with our allies to deliver products and services that assist our customers in
gaining a competitive advantage in managing their electric motor systems, while saving
energy and enhancing environlnental quality." The Motor Challenge partnership draws
upon the diverse perspectives and needs of stakeholders to form coordinated marketing
and deployment strategies. Partner organizations include industrial end-users, OEMs and
distributors, utilities, state energy offices, engineering firms, trade associations, research
institutions, universities, and public interest groups. Specific activities include:

III Showcase Delnonstrations,
11II inforlnation exchange through a national Inforlnation Clearinghouse,

publications, database tools (e.g., MotorMaster), and conferences
iii joint training developlnent and ilnplelnentation,
III support of trade allies with prograln Inaterials and referrals, and
11II market research.

Activities such as its Showcase Delnonstrations facilitates and supports market
transformation initiatives by bringing together various disciplines who are involved in
systelTI design, integration, and operation to test new concepts and to develop innovative
approaches to Inaxilnize energy efficiency opportunities.

Motor SysteJ11S C0J11J11ittee of tl1e COl1sortillJ11 for El1ergy Efficiel1cy (CEE)

eEE is a non-profit organization cOlnprised of utilities, environlnental and public interest
groups, and governlnent agencies. The purpose of this unique coalition is to encourage
the developlnent oflnarkets for "super-efficient" appliances and other technologies and
services in the residential, cOlTIlnercial, industrial, and agricultural sectors. CEE and its
melnbers seek to nlarshall a variety of prograln resources to facilitate market
transformation through market-pull strategies.

has forlned a Motor Systelns COlnlTIittee, consisting of electric utilities, industrial
end-users, govemlTIent agencies, research organizations, and public interest groups. The
COITIInittee also obtains input frOITI trade associations and individual equipment
manufacturers. The COtnlnittee's purpose is to assess and develop progralTIS to capitalize
on opportunities for accelerating transfortTIation of the motor systelns Inarketplace.
COlnlnittee activities include:

II Identifying strategic business opportunities to encourage market change;
II Facilitating CotTIlTIunications to build a consensus among stakeholders;
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II Coordinating and cOlnbining participants' resources and strengths; and
II Developing market-based progralns to increase the energy efficiency of

motor systems.

The CEE Motor Systems Comlnittee is elnerging as an important player in North
America's motor systems market, providing a foruln to encourage discussion and a
platform to influence Inarket changes.

Regiol1al Motor Systenls COl1sortiunl

DOE and the Energy Center ofWisconsin have been instrulnental in the formation of the
Midwest Motor Systems Consortium. The Consortiuln is a voluntary organization
dedicated to ilnproving efficiency in tnotor systelns. It is cOlnprised of end-users, utilities,
equipment manufacturers and distributors, and engineering consultants and contractors.
The main focus of the group is to leverage resources through integrated business
partnerships to provide an effective tneans of non-proprietary energy efficiency
information transfer to industry. Specific activities include: cost sharing, information
exchange, joint training developlnent and ilnplelnentation, and developlnent of product
profiles for energy-efficient products. By its nature, the ConsortiulTI has a regional focus,
with elnphasis on industries located within a ten-state area. The Consortium was
established as a ITIodel that can be replicated in other regions in the country.

Purchasil1g Collaboratives

The consolidation of purchasing power can have a significant effect in transforming a
market as detnonstrated in the fluorescent ballast Inarket. The Energy Efficient
PrOCUrelTIent Collaborative and Purchasing Network, forlned in 1994, is comprised of
federal and state governlnent agencies, utilities, and public interest groups. Collectively
they aim to influence the production and supply of energy-efficient products. Their
mission is to provide large purchasing agencies with accurate and easily accessible
information about energy-efficient and environlnentally-preferred equipment and
appliances. To date, the Collaborative's activities have been limited to developing
infortnation resources. However, future activities Inay involve initiatives such as the
development of COlTIlTIOn purchase specifications.
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Value SystenlS, Inco
Example of a Purchasing Collaborative as a Strategic Partnership

Value Systems, Inc. provides an excellent example of a strategic pal1nership in action. This existing
purchasing association exenlplifies the povver of a purchasing collaborative and shows the valuable role such
an organization can play in the elecuic motor system market transfolmation process. The company is a textile
manufacturers' pW'chasing association vvith menlbers including the American Textile Purchasing Association
(120 members representing 60 textile companies), and the Textile Plant Engineers Association (42 plant
engineers fi'om 27 companies). These textile cOlllpanies represent the broad range of textile manufacturers,
from integrated manufacturers that make yarn and weave fabric to non-integrated yalTI manufacturers and
weaving companies. In total, Yalue Systems melllbers represent more than 475 operating textile plants,
prinlarily in the SoutheastelTI U.S.

By joining Yalue Systems, members benefit fi'om:

• Reduced-cost supplies;
@ Nehvorking vvith peers, suppliers, and experts;

Info1111ation on \vays to reduce energy costs;
(8) Improved supplier perfoll11ance;
• State-of-the-a11 problenl-solving infolTIlation for plant engineers; and
.. Benchnlarking il1foll11ation, a bi-annual nl0tor/energy survey, research, and qual1erly

meetings, including case studies.

In addition to overall plu'chasing and plant engineeling benefits, the purchasing association has pursued a "vide
range of motor-related activities that help nlenlbers to specify, purchase, and manage more efficient motor
systenls. These activities include:

• I-leI ping ll1enlbers purchase nl0tors at the best price and locating metric motors for
European and Japanese textile Inanufacturing equiplnent;

Conducting bi-annual nl0tor/energy survey to detennine, for exanlple, whether companies
are specifying prell1iuI11 efficient nl0tors, have a \vritten Inotor policy, and are using
MotorMaster to assist in IllataI' purchasing;

@ Developing a 1110del motor policy;

e I-Iolding workshops, including Motor/Energy workshops, a 1110tor system predictive
maintenance \vorkshop, and a senlinar on hov\' to evaluate motor repair shops; and

Analyzing nl0re than 200 l11otor repair invoices and making recommendations for
111enlbers' next purchases.

As a result of these activities, Value Systeills has increased the percentage of nevv motor purchased versus
repaired fi'om 16 percent in 1992 to 32 percent in 1995. The association's ultimate goal is to increase this to
80 percent.
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A second example of a purchasing collaborative is Value Systems, Inc. - a textile
manufacturers purchasing collaborative with members including the American Textile
Purchasing Association (ATPA) and the Textile Plant Engineers Association (TPEA).
This organization is profiled in more detail in the accotnpanying text box.

l1ldustry Trade alld Professiollal AssociatiollS

Like the American Textile Purchasing Association, industry and professional associations
can play important roles in helping their melnbers benefit from market transformation.
Examples of such associations include:

II Air Movelnent and Control Association (AMCA)
II Alnerican Forest and Paper Association (AFPA)
II Atnerican Institute of Plant Engineers (AIPE)
II Atnerican PetroIeuln Institute (API)
II Atnerican Society of Mechanical Engineers (ASME)
II Association of Energy Engineers (AEE)
II Chemical Manufacturers Association (CMA)
II Compressed Air and Gas Institute (CAGI)
III Edison Electric Institute (EEl),
II Electric Power Research Institute (EPRI),
II Hydraulic Institute (HI),
II National Association of Manufacturers (NAM),
II National Electrical Contractors Association (NECA), and
II National Electrical Manufacturers Association (NEMA).

6~4 Benefits of Participation

The benefits of participation in the tnarket transforlnation process are varied, depending
on the organization (see Table 6.1). Organizations who choose to participate will do so
out of a sense of opportunity and Inutual interest in working cooperatively with other
organizations that share a cotnlnon vision.
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Table 6.1
Benefits of Inlproved ..System Efficiency" to Market Stakeholders

Through Participation in the Market Transformation Process

I Stakeholder I Prin1alY Bel1efits I
End-Users Reduced energy cost, improved process/operations,

productivity itnprovement, better environmental
perforlnance, cOlnpetitive advantage

Manufacturers/OEMs/ Increased sales, sale of higher margin equipment and
Distributors services, cOlnpetitive advantage

SpecifierslDesigners Increased design activity, ilnproved skills, reduced costs,
competitive advantage

Electric Utilities Avoided cost of new plant, ilnproved customer relations

Other Trade Allies Increased service business activity

U.S. DOE and Nation Reduced CO., elnissions, ilnproved national energy security
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Appen(lix

Motors Market Transformation Final Action Set

A.l Motors and Drives

Motors and drives are perhaps the lnost closely-exatnined segments of the Electric Motor
SystelTI market. The prilnary focus of industrial DSM programs through the early 1990s,
they still offer opportunities for efficiency itnprovelnent. The Final Action Set includes
the following actions for motors and drives:

Table
Final EMS Action Set: Motor and Drive Actions

Actiol1

Quality Assurance Rc\vind
Guidelines and Practices

Best Practices for EfTicient Motor
Re\vind

Early Retirenlent for Motors

Description

A \vide range of "quality" exists in re\vind services There is no
perfoI1nance standard for rewound lnotors. This action focuses
on enabling lnotor repair facilities to assure the quality of
repair/re\vind services and achieve a "near original" efficiency
level \vhile renloving poorly re\vound and inefficient motors from
the 111arket. The action is linked with Best Practices for Efficient
Alotor Re'wind, \vith the proposed quality assurance guidelines
facilitating purchases and encouraging end-users to demand
quality re\vind services. These linked actions are expected to
inlprove the availability of quality re\vind services.

Best Practices \\'ill facilitate and encourage motor repair shops to
provide quality rc\vind services. Best practice guides for motor
re\vind shops \vill illustrate proper re\vind methods and tests to
achieve optinlUI11 "repaired" quality and efJiciency.

Older and less efficient n10tors and driven equiplnent may still be
used although 1110re efficient altenlatives are currently available.
The perfonl1ance and efTiciency of the equipnlent may have
deteriorated considerably after 111any years of service. In some
case, the process for \vhich the equipment \vas designed has
changed and the equipn1ent or technology is now outdated. An
asseSSInent of the systelnlnay show that current process
requirel11ents can be lnet 1110re efficiently and cost-effectively by
replacing existing equipl11ent. This action is designed to
encourage users to assess early equip111ent retirement
opportunities, and encourage thenl to replace this equipment, and
to provide financial incentives and technical assistance.
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Ae2 Process Pump SystelllS

Pumps account for the greatest portion of Inotor-drive electricity use in the process
industries and are significant energy conSUlners in Inost other segments. A typical
industrial process uses Inany sizes and types of pUlnps to perform different functions.

Table A.2
Final EMS Action Set: Process PUnl) System Actions

ActiO!1

Market Transfonnation
Partnerships

Encourage Better Intenlal &
Trade Ally COl11111unication

Training in Strategic Marketing
for Motor Systenls Products &
Services

"[raining Program for
Perfomlance Optillliza tion

Develop Models of Optimized
Systems

Develop Specification
Guidelines

Develop Catalogues of
Equipnlent Cost and
Perfonnance Infonllation

Descriptiol1

Lack of awareness regarding the energy-savings potential available
through opti11lizing 1110tor-driven systelns~ market stakeholders do
not collectively pro11l0te energy eHiciency at the system-Ievel~and
certain stakeholders lack incentive or l11otivation to promote
efficient systenl design or equipnlent purchases. This action
encourages strategic business partnerships \Nith an enlphasis on
cultivating relationships bchveen systel11s-oriented end-users and
trade allies who pr011l0te SystCl11S design and integration.

Better c011lnlunication needed, both anl0ng elnployees \vithi11 the
end-user's c011lpany (e.g., 11laintenance, energy managelnent,
purchasing, finance) and \vith suppliers and other trade allies.
Working in partnership, the end user can target opportunities for
inlproved energy efTiciency that they I11ight othenvise not have
identified.

There is a generally-ackno\vledged lack of availability of pump
technical and perfonl1ance infoffilation and systenl expertise in the
Inarketplace. To provide this infornlation, including access to
systenl design expertise and to increase end-user a\vareness of
pUlllp systenl efTiciency opportunities, this training program would
be Inodclcd after sinlilar efTorts undertaken in Ontario and
Wisconsin. It \vould ofTer end-user and design professionals an
opportunity to leanl proven tcchniques for the optilnization of motor
systenlS \vith an eI11phasis on PUI11pS.

Develop nl0dels of optitnized systenls to encourage end users to
begin taking a "systclns approach" v"hen specifying new or making
changes to existing pUl11ping systems.

Develop specification guidelines to ann users \vith the knowledge
of \vhat to ask for in a ne\v svstenl.

'rhis inf()nl1ation is not ahvays easy for end-users to obtain on a
range of conlpetitive products. 'rhese catalogues could be in hard­
COPy or electronic fonl1~ nlodcled after the MotorMaster package.
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Table Ao2
Final EMS Action Set: Process Punlp System Actions

ActiO!1

Quantify Life-Cycle Costs of
Punlping

QuantifY Non-Energy Benefits

Intenlet Access to Technical,
Marketing and Financial Data

Life-Cycle Costing 'Tools &
Methodologies

Descriptio!1

End-users don't understand the value of an energy-efficient pump
systenl and there is a lack of focus on the efliciency of the system as
a \vhole. To focus 1110re attention on the pump system rather than
on individual etTiciency of a pUlUp or motor, reliable techniques for
establishing the lite-cycle cost of pumping must be disseminated.
Both the energy and non-energy benefits of energy-efficient
pumping systel11s should be quantified, highlighting productivity
ill1provCluents.

Currently, energy efficiency infonnation systems are limited in their
scope and availability. Even with the proliferation of commercially
available infonl1ation technologies and systems there are few
infonl1ation systell1s available to support decision-making processes
for the design and use of efTicient Juotor systems. The situation
sinlply isn't a lack of energy efliciency infonnation sources, but
rather a lack of accessible infonl1ation systeI11S \vhich complements
user and trade disciplines' decision tnaking systems and processes.
This action seeks to provide greater access to quality technical,
marketing and financial infonnation; and to increase the capacity of
infonnation systell1s to increase storage and processing capabilities
and the speed \vith \vhich infonl1ation is translnitted.

'This action is to develop life-cycle costing tools and methodologies
to estinlate the cost of ne\v and replacenlcnt elcctric nl0tor systems
by considering such factors as initial cost, installation, start-up,
energy, 111aintenance and repair, and salvage value. The
ll1cthodologies and tools \vill ilnprove decision-nlaking for end­
users and specifiers. Exanlples of costs and benefits associated
\vith the use of cflicient electric 1110tor systenls could be verified
through the Sho\vcaseDell10nstrations.

Develop
Sofhvare

Selection End users necd soft\varc to tcll theln \vhere the energy savings are.
Punlp selection soft\vare can help decision-makers obtain accurate,
standardized infollnation on what is available in tenns of energy­
et1icient pUl11ping systenl cOlnponents. While pLunp manufacturers
all have their o\vn sot1\varc progranls, they are different so it is
illlpossible for end-users to ll1ake good c0I11parisons bet\veen
products.

Develop Rating and,Labeling
C'iuidelines for Packages

Extend available et1icicncy guidelines with developluent of rating
and labeling guidelines by the I-Iydraulic Institute to inlprove the
end-user's or specifier's ability to conlpare different manufacturers'
punlps.
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Table A,,2
Fillal EMS Action Set: Process PUlnp System Actions

Actioll

Demonstration Projects

Establish Purchasing
Collaboratives

Identify and Provide Financial
(and Non-Financial) Incentives

Develop Certification Process
for Pun1p Packages

Early Retirement Prognnn

Description

Denl0nstration projects (such as the Motor Challenge Showcase
Denl0nstrations) can effectively generate technical information and
I11arketing intelligence. The technical information that is derived is
invaluable in addressing broader application engineering issues and
substantiating the viability and perfoffilance of the technologies in
question. Denl0nstrations provide a forum to test new concepts,
establish design principles, and develop practical application
guidelines for effective operation of motor systems in the field.
Denl0nstration projects also facilitate and encourage value
engineering by bringing together the disciplines involved in design,
integration and operation to the saI11e table.

Purchasing collaboratives can leverage the buying power of users
(e.g., industry groups, utilities, govenl1nent agencies) to create a
den1and-pull for high perfonl1ance process pun1p systems. This
action involves organizing industry groups, utilities, govenlment
agencies, and other 1110tor systell1 users to encourage the purchase
of electric 1110tor systell1s tha t 111eet nlinil11um energy efficiency
guidelines at desired perfon11ance levels. Purchasing
collaboratives could provide the "critical l11ass" necessary to achieve
nlarket transfonnation.

Incentives are iI11portant in encouraging the adoption of energy­
efTicient pUInp systcnls and nlanagenlent practices. While many
utility rebate progral11s are being phased out, other incentives may
be \vorth pursuing, including tax incentives, innovative utility rate
structures (e.g., reactive po\ver charges and time-of-use rates), and
utility leasing or financing arrangements. For those utilities
continuing to ofTer incentives, rebates for efncient pUI11pS could help
establish a 111arket denland. Other potential incentives include
envirOIlIllcntal benefits and recognition. A definition of a high­
cf1iciency pUInp is needed to iIllplenlent this action.

A certification prograIll \vould address the lack ofkIl0\vledge and
technical expertise at the systenls level batTier cutting across all
Illotor n1arket segnlents. A certification process "vill ensure that the
rating and labeling guidelines are being follo\ved. In addition, the
certification prograIlls could cover areas such as: efficient systems
design, selection of cquipnlent, perfonl1ance optimization, life-cycle
costing, energy and cost analyses, testing, and Inaintenance and
repaIr.
Certification progranls could offer strategic business opportunities

to the engineering consultants.

COIJlIJIOn Action - see description under A/olors and Drives
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A.3 Fan and Blower Systems

Fans and blowers are used in a variety of applications in the industrial market. The large
nUlnber of industrial fan and blower applications and distinct operating conditions limit
the potential for broad-based prescriptive equipment solutions. The final action set for
this market includes the following:

Table A.3
Final EMS Action Set: Fan and Blower System Actions

Actioll

Market Transfonl1ation
Partnerships

Encourage Better Internal &
Trade Ally COlnmunication

Training in Strategic Marketing
for Motor Systems Products &
Services

Training Program for Perfonl1ance
Optimization

Promotion of Energy-etTicient
Fans and Blowers Through
Education and A\vareness

Quantify Non-Energy Benefits

Inten1ct Access to Technical,
Marketing and FinanciaI T)ata

Life-Cycle Costing Tools and
Methodologies

Description

C0l11111on IIction - see description under Process Pll1np Systerns

Conll11on Action - see description under Process PU111P Systellls

Connnon Action - see description under Process PUfnp Systen1s

COn/7110n /Iction - see description under Process Plonp Systelns

Industry can derive many benefits from campaigns to promote energy­
efficient fan and blower systems through education and awareness.
This creates opportunities for industry segments to learn from the
experience of other industry seglnents. Infonnation exchange also
111ay be possible bet\veen si111ilar industrial applications, although
competition is otten a 111ajor barrier.

In 1110St cases, electricity accounts for only 5 percent of total
111anufacturing costs. As a result, non-energy benefits can provide a
\vay to interest the cust0111er in energy-efficient fan and blower
systems. Non-energy benefits 111ay include: reliability, quality, cost,
and reputation. Productivity at the plant may increase due to the use of
energy-et1icient equip111ent. (C0111111on Action - see description under
Process Plnnp Svstell1s)

COll11J/on IIction - see description under Process Ptilnp Systell1s

ConJlJ/on Action - see description under Process Pl/1np Systelns
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Table Ao3
Final EMS Action Set: Fan and Blower Systenl Actions

ActiO!1

Develop FanJBlo\ver Selection
Soft\vare

Rating and Labeling Guidelines
for Packages

Standardize Rating L~ Labeling
Practices for the Fan Industry

Develop Conl1110n Purchase
Specifications for Packages

Demonstration Projects

Establish Purchasing
Collaboratives

Incentives for Selecting Energy­
efficient Fans and 1310\vers

Systems Certification Program

Early Retirenlent Progranl

Description

These software-based and other tools should provide industry with a
valid, third-party substantiation of tnanufacturers' claims and will
streanl1ine purchasing decisions for customers. Ideally, the tools
should include life-cycle costing tools as well as, application
guidelines and O&M recolnmendations. Contributors to the
developnlent of decision-making tools identified by the group include
OEMs, end-users, nlunufacturers, engineers, distributors, trade groups,
govenllnent, and consultants.

COlJl/Jlon Action - see description under Process Ptl1np SystelJlS

Custolners \vill benefit \vhen integrated rating and labeling practices
beconle standard for the {[In industry. Standard rating and labeling
\vill clear up the confusion that presently exists regarding factors such
as nlininlum efficiency and nOlninal efTiciency. Labeling and rating
\vill protect the custonler, ensuring that the manufacturer is held
responsible l()r any energy efficiency claill1s.

OEMs lack incentives for innovative products; equiplnent end-users
and purchasers do not ahvays specify nlinilnum efliciency levels.
COnl1l10n specitications for fan/blo\ver packaged syste1l1S \vill facilitate
the purchase of equipnlent that rneets ll1ininlum eftlciency
requirenlents. This action is linked to collaborative purchases and is
dependent upon the developrnent and promotion of test procedures or
protocols. (Conl/Jlon Action - see description under Process Plllnp
S~vstelJJs)

COUl/lJon Action - see description under Process Pt,//np Svstell1s

COJJIIJlon /-lction - see description under Process Pt.allp Systenls

Financial incentives, including rcbates and alternative financing
arrangcnlcnts, provide strong inducements to customers to purchase
energy-efficient fan and blo\ver systems. Environmental benefits of
et1icient equipll1ent are another strong incentive for companies
anticipating that environn1cntal regulations will be stricter in the
future. A conlpany on the environmental-teclmology cutting edge has
a distinct public relations and economic conlpetitive advantage. In
order for incentive prograll1s to be effectively olTered, a definition of an
energy-eflicient 11Ul needs to be developed.

C0I111J10n Action - see description under Process PUlnp Systel1ls

Conl1non Action - see description under Process PUlnp Svstelns
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A.4 Air Compressor Systems

Compressed air systelns are widely used throughout the manufacturing sector to support
air-driven hand tools, clamps, and motors, alnong other uses. The systems typically range
from 90 to 125 pounds per square inch (psi) and 100 to 1500 cubic feet per minute (cfro).
All systelns consist ofone or more electric motors, compressor air-ends/packages, filters
and/or dryers, pressurized air reservoirs, distribution piping and valves, and point-of-use
tools.

Final action set itelTIS include:

Table Ao4
Actions Addressing the Air Compressor Market Segment

Actioll

Market Transfonnation
Partnerships

Plant Air Conlpressor Package
Testing Procedures

Training in Strategic
Marketing for Con1pressor
Systenl Products L~ Services

Training Progralll for
Perfonnance Optil1lization

Customer A \vareness Progranl

Directories of Stakeholders

Directories of Services and
Infonnation

Descriptio!1

CouuJlon Jlction - see description under Process PI/lnp Syste111s

Voluntary adoption of testing procedures nlakes it difficult to
COlllpare pcrfonl1ance across COlnpressor types and among
n1anufacturers~selecting the n10st efTicient air compressor package­
systeln is difficult. Pronlulgation of widely-accepted test procedures
for air C0l11preSSor packages to allow easy comparison of energy
consunlption across Inanut~lcturers and types; and encourage
il11proved OEM adherence to energy efficiency rating and labeling
guidelines.

COUl1110n Action - see description under Process Ptl1np Systenls

C01J111JOn Action - see description under Process PI/lnp SystenJs

Compilation of a series of questions and talking points for end-users
to reference \vhen purchasing equipnlent \vould allow the users to
become denlanding, sophisticated buyers.

Infonnation on the stakeholders involved in the industrial
cOlllpresscd air systelll ll1arket is difficult to collect. A directory of
the cOlllpressed air systelll Inarket players would allow end users to
save tinlc and 1110ney by providing this infonnation in a single
source.

Availability of a cOll1presscd air systenl reference guide, including an
infonnation directoI)' and ordering infomlation, \vould provide end­
users \vith ready access to the books, training, technical literature,
and da tnbases needed to il11prove systenl perfonnance in this
market.
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Table A.4
Actions Addressing the Air ConIpressor Market Segment

ActiO!1

Case Studies of Cost Savings
& Perfonnance Iluprovement
Benefits

Internet Access to Technical,
Marketing and Financial Data

Life-Cycle Costing Tools &
Methodologies

In-Plant Air Distribution
Guidelines

CAGI Test Procedures Fact
Sheet

Develop Rating & Labeling
Guidelines for Packages

Develop Conunon Purchase
Specification for Packages

Demonstration Projects

Inlprove the Consistency &
Availability of Plant Energy
Audits

Descriptio!1

One- or t\vo-page sunullaries of real-\vorld improvements to existing
compressed air systenls \vould ease the transition to efficient system
design for many end users. These case studies would include data on
independently verified savings and a kWh-cost reference matrix to
sho\v savings and paybacks as a function of electricity price.

C0l1l11l0n Action - see description under Process Ptllnp Syste111s

Conl1llon Action - see description under Process PU1J1P SystelllS

Current industrial conlpressed air systenls are not being designed,
111aintained and operated in the 1110st eflicient nlanner. A checklist
and infonl1al guidelines on ho\y to achieve optinlum system
perfonllance would be a sil1lple \yay to nlake end-users aware of the
available opportunities.

There is currently a lack of confidence in the ability to directly
conlpare efficiency ratings fro111 cOlnpeting OEMs. A one-page fact
sheet, including a description of the cOlnponents that make up "the
package" and description of perfonllance testing, \vould be a
valuable user reference. This product would educate end-users about
packaged cOlnpressed air syste111 etliciency testing and the
inlportance of efficiency. A partnership between OEMs and the
COlnpressed Air and Gas Institute could be the implel11entor.

ConllJlon Action - see description underProcessP1IIJlP Systell1s

End-users are not alvvays H\Vare of \vhat questions to ask vendors,
distributors, and OEMS \yhen procuring a cOlnpressed air system.
SOlne end-users don't kno\v ho\\' to specify energy efficiency in their
requests for proposals. C0111J1l0n "boilerplate" language and
specifications for end-users to use \vhen requesting proposals,
including references to CAGI/PNEUROP test codes, is needed. It
vvould also require perforl1lance to be 111easured in tenllS ofkW, not
1ust horsepo\ver.

COJJlIJlon Action - see description under Process PUJJlP SvsteJJls

Developnlent of: (I) a cOlllpressed air syste111 plant auditor
certification pfogranl, and (2) educational training sessions or
senlinars that explain the benefits of having an audit perfonned
\vould be valued by end users. The certification prograln allows
end-users to kno\-v if a given energy auditor has the kno\vledge to
cOll1plete the certification process. The training sessions should
target the coroorate financial stafT and plant managers and operators.
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Table Ao4
ActiollS Addressing the Air Conlpressor Market Segment

Actio11 Descriptio11

Establish Purchasing C0l1l11l0n Action - see description under Process PU111P Syste111s
Collaboratives

Compressed Air Facilities End-users devote Ininilnal resources to developing O&M expertise in
Outsourcing this area. Produce and supply reliable compressed air services

needed for custolners to meet operating demand (existing and
planned) in the most efficient manner. Encourage qualified firms to
offer systeln design and O&M compressed air system services.

Systenls Certification Prognun COllll1/on Action - see description under Process Pti1np SvstelllS

Early Retirenlent Prognlln C01J/Jllon Action - see description under Process PtllllP Svste111s
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