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 1-1 Executive Summary 

1. EXECUTIVE SUMMARY 

This report presents results of research conducted on the supply-side of the market for 
industrial boilers, compressed air, and pump systems in Wisconsin.  The overall goal of the 
project is to help improve the effectiveness of Wisconsin Focus on Energy (“Focus”) Business 
Programs by providing a better understanding of supply chain structures; product flows; and 
market actor practices, attitudes and information sources with regard to energy efficiency.  
Other supply-side markets being addressed in this project include nonresidential HVAC, food 
processing, and pulp and paper, which are covered in three separate reports.   

Research issues addressed in this study are: (1) the relationships among supply chain actors and 
their relative importance to equipment selection and system specification, (2) identification of 
key business practices for product development, marketing, service and the extent to which 
energy efficiency is part of those practices, (3) assessment of the attitudes and perceptions of 
supply chain actors regarding the relative importance assigned to energy efficiency by their 
customers (either end-users or downstream suppliers), (4) investigation of suppliers’ 
perceptions of the barriers to energy efficiency among compressed air, pump and boiler 
systems, and (5) recommendations for further influencing the supply chain to increase the 
penetration of energy efficient products and services. 

Our intent in this study is to help identify areas and aspects of the supply chain that are 
leverage points for current or refined program activities. Our recommendations should not be 
taken to imply that Focus is not already engaged in the suggested activity; indeed many of them 
are part of current program approaches.   

In the remainder of this section, we present the key findings for each of the technology markets 
analyzed. 

1.1 SUMMARY OF INDUSTRIAL BOILER FINDINGS 

Market Overview 

Roughly 20 manufacturers of boilers and boiler systems serve the boiler market in 
Wisconsin, primarily through sales representatives.  

Milwaukee-based Cleaver-Brooks dominates the Wisconsin market, with a share estimated at 
40 percent for smaller water tube boilers (i.e., up to 50 MMBtu/hr) and up to 80 percent for 
larger packaged fire tube boilers (ranging in size from 100 MMBtu/hr up). Other suppliers well 
represented in Wisconsin include Fulton, Superior, Burnham/Bryan, English, and Hurst, 
although none of these accounts for as much as 10 percent of the industrial boiler market.  

There are no distributors for industrial boilers because the market is small and the product is 
often customized and expensive to stock; instead the manufacturer’s representatives handle 
many of the functions typically provided by distributors, such as training on new equipment, 
assistance in product selection, and, in some cases, installation and warranty work.   
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• The entire supply chain generally agrees that life-cycle cost analysis is an effective 
vehicle for overcoming barriers to efficient compressed air systems, and that there is a 
need for a heavy sales emphasis on operational cost savings.     

• Training and education should be considered, on top of what is already being 
provided through the Compressed Air Challenge and industry-based training offered 
through the compressed air equipment manufacturers and distributors.   Where 
possible, efforts should seek to compliment and strengthen existing training and 
education programs. 

• While a lot of work has already been done in educating industry through training, 
demonstrations and case studies, what may be needed is additional attention to the 
delivery of those resources.  Although the Compressed Air Challenge brings many new 
"products" to the market, like the recent best practices manual, what is missing 
sometimes is a local catalyst, like Focus on Energy, that delivers it and works with 
suppliers to customize their services for Wisconsin industries and their needs. 

• Several respondents mentioned the importance of testing and measuring to benchmark 
compressed air system needs and performance.  Energy efficiency programs now exist 
that emphasize measurement-based recommendations for system-level improvements.  
Focus on Energy should explore the successes and failures of other programs that are 
based on testing and measuring, for full consideration of a model that will work in 
Wisconsin. 

• Focus on Energy should consider a program model that provides subsidies to 
compressed air specialists for audit services and the turnkey implementation of audit-
based recommendations.  By helping providers to build a thriving business based on 
turnkey compressed air system optimization, Focus on Energy might help to create 
competition for those specialized compressed air services within the existing supply 
chain.  For example, distributors might react and more proactively develop and provide 
optimization services if they begin to lose market share to specialists.   

Areas for Further Research 

• The results from related technical research, as well as pilot program successes and 
failures, should be examined, summarized and used in conjunction with the findings 
from this report to inform program design decisions.  Considerable research has been 
carried out across the country, focusing on improving compressed air system 
performance.  Furthermore, several programs are now underway that use compressed 
air audits, incentives, and turnkey implementation services to achieve high customer 
participation rates and often include measurement of compressed air system 
performance as part of a given system-level evaluation. 
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1.3 SUMMARY OF PUMP SYSTEM FINDINGS 

Market Overview 

Pump systems use a significant amount of energy in both municipal and industrial segments.  
The pump market is highly segmented to serve the diverse applications in industrial processes.  
It is not uncommon for a few large manufacturers or pump designers to control a significant 
amount of the market for a specific process.  These suppliers report being in business for many 
years and having longstanding relationships with end-users in their target industries.   

Suppliers generally agreed on a number of the key characteristics of the industrial pump market 
that affect energy efficiency: 

• After functionality (choosing the right pump for the job) most of their customers’ 
primary concern is reliability.  It is expensive in terms of downtime and product loss to 
have any part of the process fail during production.   

• Pump over-sizing is a primary contributor to pump system inefficiency.  In addition, the 
integration of a pump into an overall pumping system also has a significant effect on 
overall efficiency.  Selecting the right piping size, tank size, control strategy and correct 
pump size can significantly reduce total energy consumption at a site. 

• A change in the process or a major redesign is one of the best times to improve pumping 
efficiency.  This is the only time owners are willing to spend the engineering effort to 
determine the correct pump load, speed and flow rates that are necessary to choose the 
correct size of pump and control strategy. 

• Pump efficiency, when it is addressed, is generally considered for the largest and longest 
running pumps.  Owners are generally not interested in spending time and money on 
designing an efficient pump system if they do not perceive that it will result in a quick 
payback. 

Equipment and Systems 

• In general, pumps perform two basic functions in the industrial sector: they are either a 
part of the production process or they support ancillary systems such as cooling water 
loops or boiler feed systems.  The majority of industrial pumping energy consumption 
occurs in process pumping.   

• The goal of accurately matching process requirements to the flow is counter to the 
engineering practice of adding margins of safety to capacity sizing.  As such, most 
pumps tend to be oversized, which is a leading contributor to system inefficiencies. 

• Most designers and manufacturers alike report that optimizing a pump selection for 
energy efficiency generally leads to pumps that are more reliable due to reduced 
overheating, less vibration and fewer seal failures.  Further investigation of this 
potentially significant non-energy benefit is needed (see recommendations below). 
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Market Event 

• As with most industrial equipment, the potential for energy efficient investment tends to 
be higher in new construction and major renovation applications and lowest in 
emergency replacements.  This is mostly due to the complex interaction between the 
pump and the pumping system and the difficulty in making major changes to an 
operating system.  Making changes to piping and control strategies is generally very 
expensive and reserved for major overhauls or at the time of designing a new system. 

• Price pressure at the time of new construction is often the greatest.  Builders and 
contractors alike are looking to get the cheapest possible equipment in place without 
spending the time or money to optimize a system for efficiency.  This is also the time 
where safety factors are added to a system design to allow for future changes.  These 
safety factors can have a severe effect on overall system performance. 

System Type 

• Large system types, those with pumping equipment over 100 hp, generally receive the 
most attention to maximizing efficiency.  About 60-80% of the pumps manufacturers 
reported selling are under this size.  For these medium-to-small size pumps, owner 
sophistication and awareness plays an important role in specifying efficiency.   

• The type of fluid being pumped often may have an effect on level of efficiency specified. 
For large systems pumping water, wastewater, and cooling water/fluid, pumping 
efficiency tends to be emphasized.   When pumping slurries or process fluid, some 
suppliers believe that design-related choices are narrowed to the point that there are few 
opportunities to make adjustments aimed at maximizing efficiency. 

Information and Training 

• Suppliers report that existing information and training opportunities are valuable and 
come from a variety of sources.  Trade journals, industry associations, and 
manufacturers themselves are key information channels.  Pump designers attend 
vendor, Focus and local college professional development programs to stay abreast of 
new technologies and design.  Training programs from the Energy Center of Wisconsin, 
University of Wisconsin-Madison and the Milwaukee School of Engineering were 
mentioned by several designers. 

Pump System-Related Suggestions and Considerations 

Implications and recommendations drawn by the authors of this research are summarized 
below and organized by market characteristic: 

• Education efforts are needed that focus on proper sizing and matching of pumps to 
load requirements.  In general, suppliers seem to be aware of the over-sizing problem 
but do not believe they have adequate leverage with customers to convince them to size 
more appropriately.  Helping suppliers to make this case using well-documented 
evidence of the benefits of proper sizing could be beneficial. 
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• Education and other interventions may need to be customized to the unique process 
requirements of specific industries.  Process pumping is clearly the largest segment of 
pumping load, and processes tend to have unique needs and requirements.  Designers 
and manufacturers realize this and focus their marketing accordingly.  Establishing and 
maintaining credibility within industry-specific process niches is necessary to influence 
changes in design practices. 

• Customer-specific design assistance, with information and incentives for both the 
facility owner and design team upon installation of an optimized system, appears to be 
appropriate for the pumping system market.  More assistance, including financial, is 
often needed for the incremental design engineering and project implementation 
management and support, than for the equipment and installation costs.   

• Contributing to the pool of technical pump system knowledge for key industries and 
processes in Wisconsin provides value to suppliers.  Suppliers point to the need to stay 
informed about specific industry technologies in order to remain competitive.  They also 
emphasized the value of case studies and testimonials.   

• Educating owners and contractors on the value of assessing life-cycle costs and 
requesting or requiring optimized pumping systems when procuring major new 
construction or renovation projects could help to reduce the orientation of industrial 
design-build contractors toward minimizing first costs and design costs.  The efficiency 
of the pump system often gets lost within the production maximizing/cost-minimizing 
framework of large industrial plant procurement.   

• Assisting pump suppliers and design engineers in reaching and selling to decision-
makers within end-user organizations that are most receptive to life-cycle cost analysis 
may also be helpful.  Suppliers and design engineers often deal primarily with plant 
personnel or procurement departments that tend to look only at first cost and look very 
conservatively on any proposed changes to business-as-usual designs or sizing factors.  
Industrial customers often have complex, multi-layered decision making structures that 
have competing and internally inconsistent objectives. 

• Leveraging emerging national efforts to improve pump system efficiency is likely to 
be worthwhile. The Hydraulic Institute, Europump and the U.S. Department of Energy's 
Office of Industrial Technologies (OIT) have teamed up to develop life-cycle cost 
training materials and pump optimization case studies. Case studies are also being 
developed by several efficiency implementation organizations throughout the U.S.    

Areas for Further Research 

• Several suppliers mentioned the connection between proper pump size selection and 
pump reliability; however, there did not seem to be much empirical data to back this up.  
In addition, a number of assessments of industrial energy efficiency potential indicate 
that the incremental costs of pump system improvements are low because of associated 
non-energy benefits.  Encouraging the establishment and documenting non-energy 
benefits, in collaboration with other organizations, might make significant inroads to 
improving customer demand for efficient pump systems. 
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2.  INTRODUCTION 

2.1 OBJECTIVES AND SCOPE 

The overall goal of this project is to help improve the Wisconsin Focus on Energy business 
programs by providing a better understanding of supply chain market structure and product 
flows; market actor roles; key business drivers and market actor practices; the role of energy 
efficiency; and market barriers.  The project scope is limited to the supply-side of selected 
nonresidential markets.  The in-scope technology markets for the overall project are HVAC, 
compressed air, pumps, and industrial boilers.  There are two industry segments being 
characterized as well:  food and pulp and paper.  In this report, we present results from only the 
industrial cross-cutting technology supply-side characterization, with a focus on compressed air, 
pumps and boilers. 

The focus of this assessment is on industrial cross-cutting technology applications.  The report 
summarizes findings developed from interviews with members of the compressed air, pump 
and boiler supply chain, industry observers, and review of relevant literature.   

Research issues included in this study are: (1) the relationships among supply chain actors and 
their relative importance to equipment selection and system specification, (2) identification of 
key business practices for product development, marketing, service and the extent to which 
energy efficiency is part of those practices, (3) assessment of the attitudes and perceptions of 
supply chain actors regarding the relative importance assigned to energy efficiency by their 
customers (either end-users or downstream suppliers), (4) investigation of suppliers perceptions 
of the barriers to energy efficiency among compressed air, pump and boiler systems, and (5) 
recommendations for further influencing the supply chain to increase the penetration of energy 
efficient products and services. 

2.2 OVERVIEW OF APPROACH 

The primary research conducted for this industrial cross-cutting technology supply-side market 
characterization consisted of in-depth interviews with industry experts, manufacturers, 
distributors, contractors, and designers.  A careful review of the available literature also was 
conducted at the beginning of the project to develop a storyboard for the assessment and 
formulate research topics.  As shown in Exhibit 2-1, 51 in-depth interviews were conducted 
during the 1st and 2nd quarters of 2003.  
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Exhibit 2-1 
Cross-Cutting Industrial Technology Interviews Completed 

 
Market Actor 

Boiler 
Interviews 

Compressed 
Air Interviews 

Pump 
Interviews 

 
Total 

Industry Experts 3 4 3 10 

Manufacturers 5 5 5 15 

Distributors -- 6 -- 6 

Designers 10 5 5 20 

Total 18 20 13 51 

The interviews were conducted in a step-wise fashion, beginning with the industry associations 
and manufacturers to refine the Project Team’s understanding of each industries structure, and 
then moving through the distributor and design engineer interviews1.  Survey results were then 
analyzed and integrated across market actors to produce an overall supply-side characterization 
for Wisconsin’s industrial cross-cutting technology market. 

The interviews completed are very detailed, and explore at great length the attitudes, beliefs 
and constraints that drive market events throughout each supply chain.  An emphasis is placed 
on the examination of energy efficiency opportunities within each market and the identification 
of barriers that may impede energy efficient product selection or system optimization. 

 

                                                      
1 Recruiting for interviews emphasized distributors and designers with a strong Wisconsin presence and those 

that represent the largest share of the relevant compressed air market. 
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3. BOILERS 

3.1 INTRODUCTION 

Boilers are one of the major energy uses in manufacturing, particularly in those industries that 
are prominent in Wisconsin.  Boiler-generated process heat accounts for 81 percent of 
processing energy use in the food industry and 82 percent in pulp and paper manufacture.  For 
all manufacturing plants in SIC 20-39, process heat accounts for 80 percent of processing energy 
use. Moreover, Wisconsin is one of the largest industrial boiler markets in the nation, with 
approximately 7 percent of the U.S. population of industrial boilers.   

3.2 MARKET ACTORS, SIZE, PRODUCT FLOW, AND KEY STRUCTURES 

In this section we summarize the market structure, market size, product flow, and other key 
market characteristics to provide a context for understanding and utilizing the subsequent 
findings on attitudes, practices, key business drivers, the role of energy efficiency, and market 
obstacles.  The following aspects of the boiler market are discussed: 

• Role of market actors and services offered 

• Boiler market size and product flow through the supply chain 

• Relative importance of market events (such as new construction, plant expansion, and 
planned or emergency replacement) and bid structure  

• Importance of market actors and end-users (and their representatives) in industrial 
compressed air decision-making 

3.2.1 Key Actors and Services 

Roughly 20 manufacturers of boilers and boilers systems serve the boiler market in 
Wisconsin, primarily through sales representatives.  

The value of U.S. production of “power boilers and heat exchanges” in 1997 was reported as 
$3.6 billion by the Census Bureau, although this includes heat exchangers and boiler parts and 
accessories as well as the boilers themselves, and production for export as well as for domestic 
use.  Wisconsin accounted for 4.6 percent of this total. Milwaukee-based Cleaver-Brooks 
dominates the Wisconsin market, with a share that one manufacturer’s representative estimated 
at 40 percent for smaller water tube boilers (i.e., up to 50 MMBtu/hr) and up to 80 percent for 
larger packaged fire tube boilers ranging in size from 100 MMBtu/hr up. Other suppliers well 
represented in the Wisconsin market include Fulton, Superior, Burnham/Bryan, English, and 
Hurst, although none of these individually account for as much as 10 percent of the industrial 
boiler market.  

The boiler industry has seen ongoing consolidation that has reduced the number of players over 
the past several decades. This is due both to downsizing, consolidation and offshore production 
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in many of the industries that are the primary markets for industrial boiler manufacturers and 
to the fact that many industrial users are deferring replacement of equipment to avoid a 
stringent regulatory review process, as discussed below.  

Even when locally based manufacturers have not gone out of business, consolidation in the 
market has had repercussions within Wisconsin. In the past manufacturers imposed strict 
requirements that their representatives not handle competing manufacturers; with the reduced 
number of players, it became virtually impossible to enforce this requirement, and most 
representatives now carry product lines that overlap to some extent. 

There are no distributors for industrial boilers, both because the market is so small and because 
the product is often customized and expensive to stock; instead the manufacturer’s 
representatives handle many of the functions typically provided by the distributors, such as 
training on new equipment, assistance in product selection, and, in some cases, installation and 
warranty work.  The larger manufacturers reps specialize in boiler sales and have substantial 
technical knowledge related to boiler efficiency issues.  They work closely with contractors, and 
often take the lead in helping contractors respond to designer-developed specifications or 
owner requests for bids. While all of them appear to handle installation and system check-out, 
their involvement in other hands-on functions such as maintenance varies.  

While most (70 percent) of their sales are made through contractors, manufacturers reps also 
sell directly to end-users – about half the time in response to a designer’s specification; the other 
half in response to an owner’s design or request for a specific piece of equipment. 

Design services are provided by engineering firms, process specialists, and some contractors. 
Many of the firms that design boilers also specify other types of cross-cutting equipment 
such as pumps and compressors. 

The 11 designers interviewed specifically about boilers reported having completed 99 boiler 
designs over the past two years. These designers also completed designs or specifications for 
compressed air systems (9 out of 11 had done so), pump systems (9 out of 11), food processing 
systems (6 out of 11), and pulp and paper systems (5 of 11).  Designers comprise both broad-
based engineering firms and those that specialize in one or more industrial processes.  

About 15 percent of designs are done by contractors with in-house design expertise who offer 
design-build capability for projects involving boilers; in those cases, the designers also provide 
the equipment and do the installation.   

It appears that some industrial boilers are designed or specified by engineering firms who 
primarily serve the commercial market.  Of the 10 designers interviewed about their role in the 
HVAC market, 7 said both that they had done boiler specifications (a total of 102) and that at 
least 10 percent of all their designs (an average of 30 percent) were for industrial customers.  It 
therefore seems likely that at least some industrial boilers were specified by this group of design 
engineers.    

Installation contractors play a much less active role in the selection of industrial boilers than 
they do for commercial equipment, with the exception of those contractors that provide 
design services.  
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Other than the contractors who provide design services, contractors have limited roles in both 
equipment selection and optimization of the overall steam systems, with their role focused 
primarily on the sale and installation of the boiler. Most HVAC contractors also install 
industrial boilers, with all but four of the 30 HVAC contractors interviewed both installing 
boilers and doing industrial business. The contractors reported a total of 670 boiler installations 
in the previous year, and while most of these were either residential or commercial, 
respondents said that 26 percent of their overall business came from the industrial sector.    

3.2.2 Boiler Market Size, Structure, and Trends 

The annual size of the Wisconsin market is approximately 100-150 industrial boilers, most of 
which are in the smaller size ranges.  

The installed base of industrial boilers, based on an inventory maintained by the U.S. 
Environmental Protection Agency (EPA), is approximately 50,000 nationwide. Wisconsin is one 
of the largest state markets for steam boilers, with an installed base of some 3,500 industrial 
boilers, of which 78 percent are fueled by natural gas, 13 percent by distillate fossil fuel (e.g. 
number 2 fuel oil), 4 percent by residual fossil fuel (e.g., number 6 fuel oil), 3 percent by coal, 
and 2 percent by other fuels.2  The fact that Wisconsin has 2 percent of the U.S. population but 
about 7 percent of the installed base of industrial boilers reflects the fact that the state has a 
relatively high concentration of major end-user industries like paper and food processing.  

Using the national installed base of boilers and their distribution across SIC codes, we estimated 
the distribution of Wisconsin boilers by SIC codes based on the proportion of US output 
accounted for by each Wisconsin industry. The results are shown in Exhibit 3-1. 

Exhibit 3-1 
Wisconsin Industrial Boiler Installed Base 

Industry 
# of 

Boilers 

All Manufacturing 2100 

Food Processing 350 

Pulp and Paper 225 

Lumber and Wood Products 100 

Other Manufacturing 616 

Non-Manufacturing 1400 

Total Industrial Boilers 3500 

Both because of the limited installed base and because industrial boilers are often quite long 
lived, relatively few industrial boilers are sold in Wisconsin annually.  In the mid-1990s, the 

                                                      
2  Sector-Based Pollution Prevention: Toxic Reductions through Energy Efficiency and Conservation Among 
Industrial Boilers, Great Lakes National Program Office, Delta Institute, July 2002 
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ABMA was reporting annual sales of boilers by its members at 1500-2000 units a year 
nationwide3.  With Wisconsin representing about 7 percent of the installed base, a proportional 
share of the boiler market would mean about 100-150 new industrial boilers and 60-100 boilers 
for manufacturing applications, including about 10-15 for the food industry and 5-10 for the 
pulp and paper industry.   

All the respondents contacted about the industrial boiler market report that for the past several 
years it has been depressed, stagnant, or in decline.  Several reasons are offered for this: 

• A poor investment climate.  The economic downturn has hit industries like pulp and 
paper particularly hard, and few new investments in plant and equipment are being 
made.  If anything, plants have excess boiler capacity, and can make their operations 
more efficient by reducing, not adding boilers. 

• Food industry consolidation. While demand in the food industry is, by its nature, more 
consistent, several years of consolidation have led to plant closures and consolidation of 
production facilities rather than major new production facilities.  

• Lack of major technological change. Boilers are not an area of major technological 
innovation that is crucial to end-user’s success.  Product innovations are more likely to 
require changes in other aspects of the production process, without affecting the amount 
of process heat required. 

• Regulatory concerns.  Clean air regulations discourage firms from making changes to 
their boiler plant, since even a minor change triggers a complete new source review 
process, where emissions must be reduced to levels possible using the best available 
control technology. In addition, regulations in Wisconsin are said to be more stringent 
than those in the southern states that are taking an increasing share of paper production. 

Despite the current slow market, the overall demand for steam is expected to increase in the 
coming years, with food, pulp and paper, and other industries all expected to increase their 
process heat requirements several percent annually, according to DOE data. 

3.2.3 Wisconsin Boiler Product Flows 

An overview of the product flow for industrial boilers in Wisconsin is presented in Exhibit 3-2. 
It must be born in mind, however, that the percentages given are derived from a small number 
of estimates by manufacturer’s representatives and designers.  As such, they are indicative of 
the relative importance of various market channels, but should not be interpreted as precise 
market shares. 

                                                      
3 These data are available from ABMA for 2002, but at a cost of $3,500. 



 

 3-5 Boilers 

Exhibit 3-2 
Industrial Boiler Product Flow In Wisconsin 

100 100% 100%
Direct to owner Internal design

90 without formal or direct rplcmt.
design spec 85% 15%

80 To owner 
in response to

70 design spec 70%

60

50 Through Plan and 
Contractors Plan and Spec Spec

40 70% 70%

30

20

10
Design-build Design-build

0 15%

Manufacturers Manufacturers Contractors Design Owners
Representatives Engineers  

Manufacturers sell all their products in Wisconsin through representatives – even in the case of 
an in-state company like Cleaver-Brooks. The manufacturers reps make some 70 percent of their 
sales through contractors, but also sell directly to end-users – about half the time in response to 
a designer’s specification, half in response to an owner’s design or request for a specific piece of 
equipment. 

Designers develop specifications in about 85 percent of boiler sales. Designers are typically 
hired by owners, but sometimes work for design-build contractors. Designers are either selected 
directly (36 percent) or through invitation-only bids (47 percent).  Only 17 percent of design 
contracts are awarded though an open competitive bid process.  

In equipment selection, invitation-only bids are equally important, with more than 80 percent of 
equipment selected through what a manufacturer’s rep calls “the private market,” where a few 
selected vendors are invited to bid on a project. 

3.2.4 Equipment and System Descriptions 

Industrial boilers are distinguished from commercial or heating boilers primarily by the fact 
that industrial boilers are used to make steam while heating boilers are used to make hot water.  
While some commercial facilities such as hospitals that have a requirement for steam in fact use 
industrial boilers, manufacturing applications – the focus of this report – account for about 60 
percent of the installed base of industrial boilers, according to EPA data.  
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The two main categories of boilers are fire tube (where the heat from combustion passes 
through tubes that are immersed in water) and water tube (where water passes through tubes 
in a firebox). Fire tube boilers account for the majority of boiler sales in terms of units, water 
tube boilers in terms of capacity, although fire tube boilers have grown both in size and in 
popularity for industrial applications in recent years. 

The distribution of boilers by size for all manufacturing industries, from EPA national data, is 
shown in Exhibit 3-3. The pulp and paper industry (SIC) has a higher proportion (20 percent) of 
boilers with capacities greater than 250 MMBtu/hr.    

Exhibit 3-3 
Manufacturing Boiler Population by Size (MMBtu/hr) 

10<50 MMBtu/hr
32%

100 < 250 MMBtu/hr
9%

< 10 MMBtu/hr
44%

> 250 MMBtu/hr
5%

50 < 100 MMBtu/hr
10%

 

Differences in the efficiencies of various types of new industrial boilers are relatively minor.  
The boilers themselves average about 80-82 percent efficiency.  New units are more efficient 
than those that have been in place for decades, but there are greater opportunities for efficiency 
improvements in the overall steam distribution and condensate recovery system, where as 
much as 30 percent of the heat generated by the boiler can be lost.   

For example, steam traps are used to prevent heat transfer reduction, water hammer, and pipe 
corrosion—all of which can interfere with steam flow; thereby reducing the efficiency of the 
steam distribution system. In typical facilities, 15-20 percent of steam traps will be inoperative; 
reducing the number of inoperative steam traps to 5-10 percent through maintenance and 
replacement yields estimated savings of about 8 percent of boiler fuel.4  

According to the Alliance to Save Energy, the number of steam traps in need of repair or 
replacement in the United States has been estimated to be 1.8 million for both commercial and 
industrial systems. If all failed steam traps were repaired or replaced, an estimated 0.67 quads 

                                                      
4 “Steam Traps” – DOE OIT fact sheet 
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of energy worth about $2.3 billion in energy costs would be saved annually. Since Wisconsin 
represents about 7 percent of the installed base of boilers, the potential savings for the state 
would be on the order of $160 million.      

3.2.5 Market Events and Bid Structure 

The market for boilers in Wisconsin appears to be more oriented toward replacement or retrofit 
sales than new construction or plant expansion. At this point, both new and replacement sales 
are facing obstacles: in the new construction/plant expansion market, overall business 
conditions are discouraging new investment; in the replacement market, regulations discourage 
owners from upgrading their plant because replacing the boiler can trigger a complete new 
source permit review process. Several manufacturer’s reps express cautious optimism that the 
economic climate may be improving, and industry observers are equally hopeful that the 
regulatory review process may be streamlined to encourage upgrades of existing facilities. 

In the current market, replacement and optimization of existing systems appear to dominate: 

• Manufacturers and their representatives report that about two thirds of their sales are 
for replacement of existing boilers. 

• Designers also say that retrofits dominate their business, accounting for 75 percent of 
their boiler designs.   

• In addition, seven of the 11 designers interviewed reported having done redesigns of 
existing steam systems (for their clients without the purchase of a new boiler) – a total of 
40 in the past two years. 

• Emergency replacements are rare. Boilers are generally less complex and – in the case of 
industrial boilers – better maintained than HVAC or other types of equipment. 

Most sales of larger water tube boilers are made through an RFP process, and larger units are 
often made to order; these days, manufacturers rarely make boilers to “put in the yard” (i.e. 
keep in stock). For the larger jobs a design engineer will develop a spec that leads to an RFP. 
The largest industrial boilers are custom designed for a specific application and put together on 
site.  The process by which large industrial boilers – both package and site built – are purchased 
is usually carefully planned and executed over a relatively long time – up to 6 months. There is 
significant lead time, a formal design and specification of the type of boiler, and usually a 
request for bids. Usually the manufacturers representatives (who often have engineering 
capability) will submit bids in response to an RFP and will install the boiler. The reps also 
provide service, unless there is a warranty issue that must be dealt with by the manufacturer’s 
technical staff. 

3.2.6 Boiler Selection Influence 

Supply-side players consistently state that owners and their representatives (facility managers) 
are the key decision makers in both new and retrofit boiler applications. Designers of course 
influence the process through their design, but even then, the design is driven by the needs and 
requirements of the owner, particularly in replacement purchases where the owner and facility 
staff have clear preferences regarding the type and even brand of boiler required.  In new 
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construction and plant expansion projects, the owner’s representative is typically part of the 
design team, and provides influence both during the design process and when bids are 
reviewed and the final equipment selected. The president of the Council of Industrial Boiler 
Owners (CIBO) explains that a shortage of trained boiler personnel is making it more difficult 
for vendors to market energy efficiency and other technical solutions. He notes that “a whole 
level of engineering expertise has disappeared.  The boiler room or power-house has operators 
who know what to do but don't know why, and the next level up is an engineering director or 
VP who sits in the corporate office. In between those, there used to be both a power house 
manager and a power engineer, both of whom knew the boiler systems inside out. And both of 
those levels have gradually disappeared. You do get manufacturers, reps, and consultants who 
try to sell a solution, but the guy in the executive suite doesn't know enough about the system 
and the operator doesn’t have the power to make those decisions either.” The importance of this 
level of engineering expertise is echoed by a DOE Steam Specialist.  

3.3 KEY BUSINESS DRIVERS, PRACTICES, AND INFORMATION SOURCES 

3.3.1 Drivers and Practices 

Manufacturers and design engineers were asked to discuss what they thought were the key 
issues driving the industrial boiler market today.  The key issues identified were: 

• Most supply side players believe the current economic slowdown and the consequent 
downturn in capital spending are the most significant drivers in the present boiler 
market.  Other issues affecting supply side actors include regulations, a shortage of 
skilled boiler plant operators, and advances in control technology. 

• Market trends in Wisconsin are directly linked to those of the industry overall.  All of 
the manufacturers and about half of the designers interviewed have a national or global 
perspective on the market, and national trends that may or may not be directly 
applicable in Wisconsin often shape product development approaches.  For example, the 
far higher energy prices and tighter regulatory climate in California have caused boiler 
manufacturers to place greater emphasis on controlling emissions than in the past for all 
their products. In Wisconsin, those concern are somewhat less intense, with fewer 
concerns about non-attainment of Clean Air Act requirements. 

• However, regulatory issues are a concern for virtually all manufacturing plants that use 
steam in that they are constantly trying to reduce the level of emissions (particularly 
NOx.) For boiler owners, a major issue is the new source permitting process, which 
means that every time a major boiler user changes its boiler it has to file a point source 
emission permit just as though it were putting in a new boiler. Such a new source review 
requires state-of-the-art emission control technologies with each modification – even if 
the modified boiler generates fewer emissions and is more efficient . 

• Both regulatory and personnel issues are driving the decisions of owners. Regulations 
are important because they encourage users to keep on operating old, inefficient boilers. 
The lack of operator skills is requiring the use of more controls that can be remotely or 
centrally monitored. And of course the overall economic climate is affecting user 
industries and therefore their demand for equipment. 
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• Technological advances are mostly in controls. A particularly welcome innovation has 
been advances in burner technology that allow attainment of more stringent NOx 
emission requirements at much lower cost than before; a manufacturer explained that: 
“You used to have to put a $500,000 catalytic converter at the back end to get down to 
the 9 parts per million required by California; now, with a new burner you can do it for 
about $10,000. “  

In addition, each of the supply-side market actors was asked to identify the key factors that they 
believe differentiate themselves from their competitors, as well as the most important boiler 
features.  The most important features are shown in Exhibit 3-4.   

Exhibit 3-4 
Distinguishing Business and Boiler Features (Self-Reports) 

Manufacturers and 
Representatives Designers 

• Reliability 
• Longevity  
• Serviceability 
• Efficiency 
• Low emissions 

For Firm: 
• Experience 
• Process expertise 
• Quick turnaround 

For Equipment Specs: 
• Reliability 
• Serviceability 
• Energy efficiency 

Despite manufacturer efforts to differentiate themselves, there usually are not major technical 
differences between the same kind of boiler (e.g., water tube) produced by different 
manufacturers. Because of the nature of boilers, business relationships tend to be long term, and 
manufacturers often sell on the basis of those relationships more than on clear differences in 
product. 

Regulations are also an important market driver, and manufacturers have an extra hurdle in 
selling to large commercial and industrial customer because they have to deal with permitting. 
As a result, low NOx emissions are a major emphasis in marketing. One manufacturer 
explained that “if you're the first, then it gives you hold on the market, because yours is now the 
best available technology and new installations pretty much have to use it.” 

 

3.4 ROLE OF ENERGY EFFICIENCY, PERCEIVED OBSTACLES, AND SUPPLIER PROGRAM 
SUGGESTIONS 

3.4.1 Role of Energy Efficiency 

Manufacturers, their representatives, and designer all say they promote energy efficiency, 
but that it typically is less important than issues of reliability and ease of maintenance. 
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Energy efficiency is integral to the manufacturers’ sales pitch that new boilers are more efficient 
and have lower emissions than older ones, but suppliers face both first cost and regulatory 
hurdles in making the sale.  Most manufacturers emphasize energy efficiency in their sales 
message; they point out that industrial plants could reap huge efficiency gains if they would 
just replace their 30 or 40 year old boilers.  In addition to the boiler manufacturers themselves, 
vendors of burner systems and controls use energy efficiency as a key marketing message. 

Controls offer energy efficiency potential in that they allow boiler output to more closely and 
efficiently follow the load. Control technology now makes it possible to have centralized 
controlling so that an engineer in a single location can monitor and adjust the operation of four 
or five boilers in real time to achieve optimum efficiency, a clear advantage in light of the 
operator shortage.  

Among designers, half cited increasing interest in energy efficiency and conservation as one of 
the key trends driving their business, and 10 of 11 said energy efficiency is very important or 
extremely important to their boiler designs.  On the other hand, most reported that customer 
concerns were more focused on reliability and longevity of their boiler systems. 

A key issue affecting energy efficiency of boilers in industrial applications is the importance 
of overall system efficiency relative to the efficiency of the boilers themselves.   

There have been significant advances in the efficiency of the core equipment (i.e., the boiler, 
burner and controls), with manufacturers actively pursuing and promoting increased energy 
efficiency in their marketing materials and other promotional efforts. But it is increasingly clear 
to knowledgeable supply side players as well as end-users that there are far greater 
opportunities for efficiency improvements in the overall steam distribution system than in the 
boiler itself.  This is true both within the boiler room (for example, through insulation of 
feedwater lines, recovery of stack heat, and combustion monitoring and control) and in the 
steam distribution system in the rest of the plant (for example, through leak detection and 
repair, particularly of steam traps).   

For this research, the question is how to identify the supply side players who are most likely to 
help identify and achieve these systems efficiency opportunities.  Using a list of potential 
savings from the Steam Challenge program and the results of tour primary research, the 
potential ability of various supply side market actors to help achieve system savings is 
summarized in Exhibit 3-5. 
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Exhibit 3-5 
Sources of Energy Savings and Potential Role for Market Actors 

Savings Designers Contractors
Potential Manufact. Engineering Process 

Sources of Savings % Reps Firms Specialists Installation Maint.
Boilers 2-5 

Boiler tune-ups 1-2 
Heat recovery equipment 2-4 
Emissions monitoring and control 1-2 

System Operation and Maintenance 10-15
Water treatment 10-12 
Condensate return 5-10
Load control 3-5

Distribution System 15-20
Steam leaks 3-5 
Steam traps 10-15
Insulation 5-10 

Total 30-40

High potential
Medium potential
Low potential

 

Note that manufacturers representatives and process specialists appear to be the suppliers best 
suited to identifying and implementing steam system savings, although the manufacturers reps 
are best suited to those measures that are likely to be “in the boiler room.”  Within the design 
community, those firms with process (and particularly steam) system expertise offer the best fit, 
especially those that are willing and able to go into the plant to analyze the steam distribution 
system. 

3.4.2 Perceived Obstacles to Boiler Efficiency and Suggested Solutions 

End-User Obstacles 

Despite the importance of boilers as an energy end use, most suppliers do not believe that 
customers understand the value of energy efficiency.   

Designers and manufacturers both see first cost as the most significant obstacle to energy 
efficient boilers and boiler systems.  Tight budgets and first cost concerns cause many end-users 
to demand a maximum two-year payback on incremental costs – which causes them to “lose out 
on a lot of potential savings.”   

Moreover, in the industrial sector, energy efficiency competes with all other capital 
requirements, so any other expenditure that offers a quicker payback, particularly if it increases 
production, will be seen as a higher priority. However, if greater efficiency leads to clearly 
lower operating costs, suppliers report that they will typically point that out. “If you can 
achieve a four percent increase in efficiency say in the pounds of steam per unit of fuel, then 
you can quantify that and see that the more efficient unit has a lower long term cost. Most large 
industrial users are sophisticated enough to look at it that way.” 
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A DOE steam specialist observes that customers, and even the manufacturers themselves, have 
a tendency to look only at the boiler itself. “They'll say this boiler is x percent efficient, but what 
they don't do is look beyond that to the overall system or process. Most customers just don't 
think about the system efficiency aspect.” He notes that, for some plants, steam may be 
generated in one part of the plant, but used in another part, and there may be completely 
different staffs and unions on the operations side than on the steam production side. Even more 
fundamentally, suppliers contend that end-user firms tend to ignore the cost of generating 
steam; only when there is a big jump in prices do they finally notice and start paying attention. 

In addition, one manufacturer believes the lack of consistency in defining boiler efficiency 
makes it difficult for buyers to make informed comparisons of different boiler models. “You get 
manufacturers out there making all kinds of claims about the efficiency of their system, and you 
don't know if its thermal efficiency, fuel efficiency, boiler efficiency or what.  There needs to be 
a consistent definition that everyone agrees to use so you can make meaningful comparisons.” 

Regulations are also seen as significant barriers to the optimization of boiler systems by end-
users, due to the new source review process, the fact that designing boilers for minimum 
emissions may not lead to optimum use of energy5, and the reluctance of facility managers to 
invest in current technology for fear that regulations may become more stringent in the future.   

Finally, the shortage of skilled boiler engineers acts as a barrier to energy efficiency. According 
to the president of CIBO, “If you have people operating the boilers who basically know what to 
do but who don't know why they're doing it, it becomes much harder to make them understand 
why improving efficiency is a good thing.”  As discussed later, this suggests that training and 
education may be an appropriate Focus on Energy strategy. 

Supplier Obstacles 

Vendors tend to downplay any barriers to their own marketing of energy efficient boiler 
solutions.  Some respondent cited the pressure on contractors to compete on first cost; but 
others noted that contractors must respond to the requirements of the design specifications, 
which typically require a relatively high level of efficiency. 

While there may be few supplier barriers to efficient boilers, supplier obstacles to realizing 
system-wide efficiency gains are more substantial.  Most supply side players lack both the 
expertise and the motivation to aggressively pursue steam system optimization opportunities.  
Manufacturers prefer to emphasize the characteristics of their own equipment (e.g., reliability, 
dual fuel capability, regulatory compliance). And while designers are sometimes hired to 
optimize an existing process, it appears from their responses that their approach is often more 
theoretical (e.g., equipment sizing and scheduling) than hands-on, so that savings from leaks 
and malfunctioning steam traps are not addressed.  

                                                      

5 A steam systems expert explains that “sometimes you give up efficiency to get reduced NOx. …. With low NOx 
boilers, everything's fine as long as the boiler is running full tilt, but when you turn it down the combustion becomes 
unstable and emissions can go up. So you don't turn it down and essentially waste energy.” 
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Those engineering companies and manufacturer’s representatives/service companies that have 
the expertise to provide an efficiency optimization service face the barrier that it is difficult to 
sell because of the significant upfront investigation and analysis time required. Plant owners are 
reluctant to authorize the substantial analysis/evaluation cost required, while suppliers find 
that owners are often hard to convince even after opportunities are identified that offer 
paybacks of one year or less.  It may be, however, that their skepticism could be mitigated if the 
estimated savings from the opportunity come from an objective third party rather than a 
supplier of equipment or services. 

Existing and Potential Solutions 

Most of those who felt that first cost represented a major barrier to energy efficiency said that a 
clear, credible analysis of the payback associated with the more efficient boiler would help 
address that issue.  Others felt that such a comparison was difficult because of the lack of a 
common measure of efficiency, so that an agreed upon standard for evaluating efficiency would 
be helpful. 

Several respondents suggested that incentive programs would be helpful, both in addressing 
the first cost issue and in calling attention to the benefits of energy efficient equipment and 
systems. One designer recommended an incentive “based on the thermal horsepower saved.”  
Another suggested that an incentive might be used to offset space constraints for the boiler 
room so that a more efficient system could be installed; since plant managers seek to maximize 
manufacturing square footage as a portion of total space, designers must sometime specify less 
efficient units with a smaller footprint. 

The CIBO respondent said that the one thing that would most improve steam system energy 
efficiency would be “if the user community had more well trained, motivated people who 
understand and care about keeping these systems running at their peak.  A lot of technological 
advances that increase efficiency have the potential to make things more complex, at least 
initially, and if operators don't have the knowledge base to handle that, it will be a problem.”  

3.4.3 Suppliers’ Program Suggestions 

Regarding past programs, several manufacturers reps and designers cited the DOE Steam 
Challenge and Steam Best Practices program, as well as the various Industries of the Future 
roadmaps where boilers are an integral part of the production process.  Industry observers also 
mentioned the DOE programs, as well as the effectiveness of rebate programs in raising the 
visibility of energy efficiency in the past. One association president pointed out that his 
organization has been a partner in a project with the Delta Institute and the Wisconsin 
Department of Natural Resources to perform energy efficiency assessments at nine Wisconsin 
facilities with a total of 34 industrial boilers.  

This project, in which Focus was also a partner, confirmed that optimizing energy needs (e.g., 
reducing the amount of fuel input) can result in reductions of toxics and greenhouse gas 
emissions because of reduced fuel use. The project implementers concluded that, “Given the 
relatively large number of facilities and ubiquitous nature of industrial boilers, achieving 
meaningful reductions from this sector will require new approaches to outreach and 
implementation incentives such as closer alliances between local pollution prevention and 
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energy technical assistance resources and improved access to capital and other financial 
incentives.” 

Several industry observers emphasized the value of programs such as the one described above 
that effectively integrate efficiency and emission concerns; such programs are seen as an 
essential component of a long-term effort to improve efficiency.  

Perhaps even more important is the need to address the operator availability and training issue 
raised by all the industry observers. “In the long term,” one of them noted, “ensuring a supply 
of well trained boiler operators is very important to the ability of suppliers to get a hearing for 
their message.”   

The President of CIBO agrees that the key to any long term effort should absolutely be training 
to address that lack of mid-level boiler personnel.  He believes that this would make the whole 
industry better able to approach both efficiency and emissions issues.  He cites a teacher at 
Gateway Technical College in Elkhorn, WI who is trying to get his school to sign off on a 
program to train about 10 students a year in boiler operations. “He and I think we could easily 
place those graduates in the foreseeable future, and that would go a long way to addressing 
that gap.” There is said to be a similar program being planned at Henry Ford Technical Institute 
in Michigan. Long-term training and education programs such as these may be an appropriate 
leverage point for Focus on Energy to influence the market. 

3.5 OVERALL SUGGESTIONS AND CONSIDERATIONS 

The overall goal of this project is to provide Focus on Energy with a better understanding of 
supply chain actor practices, attitudes and information sources with regard to energy efficiency 
in order to improve the effectiveness of Business Programs activities.  This study is not an 
evaluation of the existing Focus programs.  Our intent is to help identify areas and aspects of 
the supply chain that are leverage points for current or refined program activities. Our 
recommendations should not be taken to imply that Focus is not already engaged in the 
suggested activity. 

Interview respondents had several thoughts on interventions in the boiler market that the 
authors have elaborated upon below: 

• Programs that effectively integrate efficiency and emission concerns are seen as an 
essential component of a long-term effort to improve efficiency.  For example, since 
vendors say fear of triggering a new source review process appears to keep some boiler 
owners from doing upgrades that could enhance efficiency, it may be appropriate to 
work with environmental regulators (EPA, DNR) to determine specifically what level of 
upgrades, enhancements, or simple maintenance can be done without triggering a new 
source permitting process. 

• Training and education should be considered to supplement what is already being 
provided through the DOE Steam Challenge program and industry-based training 
offered through boiler manufacturers and their representatives.  Several features of such 
training would serve to maximize the energy efficiency improvements that are likely to 
result: 
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- Emphasize a systematic and ongoing approach to analyzing and implementing 
improvements to the steam distribution system, including the implementation of a 
preventive maintenance plan that makes such activities as checking steam traps a 
routine part of plant maintenance. 

- Use technical experts from specific manufacturers to provide training for vendors as 
well as plant personnel.  Since customers as well as suppliers are always looking for 
how energy efficiency opportunities apply to their plant or equipment, it would be 
most effective to have manufacturer-specific sessions on optimizing a particular type 
of boiler and related systems. 

- Provide vendor and customer training on how to use controls to improve system 
efficiency, meet emission requirements, and maintain peak operation 

• Several respondents mentioned the importance of establishing a consistent, industry-
wide measure of energy efficiency.  This would enable suppliers to present efficiency 
data on their equipment in a way that supports direct comparisons to other equipment 
and a clear, credible analysis of the payback or return on investment associated with a 
more efficient boiler system.  However, this would likely require a national effort that is 
beyond the scope of Focus. 

• Financial support may be needed to help steam distribution system specialists offer 
not only a low-cost or no-cost audit to identify and quantify potential energy savings, 
but also in-depth design and turnkey project management services to manage the 
implementation process. This would help overcome reluctance and hassle costs on the 
part of plant owners and would support vendors in their efforts to create demand for 
steam system optimization services. 

• Because the boiler using sector faces a chronic shortage of trained boiler operators with 
more than the most basic skills, Focus should consider a partnership with an 
educational institution that could provide trained boiler personnel for both users and 
suppliers. 

• Boiler owners and supply chain players in other parts of the country, notably California, 
are currently facing challenges (such as restrictions on emissions and requirements for 
on-site certified boiler operators) that have not yet become acute in Wisconsin. Focus on 
Energy should considering beginning now to establish ties with organizations that are 
helping the boiler industry in those parts of the country achieve energy efficiency, so 
that Wisconsin can be ready when those trends reach the state. 
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4.  COMPRESSED AIR 

4.1 INTRODUCTION 

This chapter presents the results of our research on the compressed air market in Wisconsin.  
Twenty in-depth interviews were conducted with manufacturers, distributors, design 
engineers, and industry experts.  In addition, a detailed review of the existing literature on 
compressed air opportunities and market characteristics was conducted. 

4.2 MARKET ACTORS, SIZE, PRODUCT FLOW, AND KEY STRUCTURES 

In this section we present our summaries of market structure, market size, product flow, and 
other key market characteristics for compressed air in Wisconsin.  Our results are organized by 
the following aspects of the industrial compressed air market: 

• Role of market actors and services offered 

• Product flow among market actors through the supply chain 

• Type of equipment (reciprocating, rotary and centrifugal compressors, and other 
ancillary equipment) 

• Market event (new construction/major renovation, planned replacement, and 
emergency replacement) 

• Bid structure (Plan and Specify versus Design/Build, direct award versus competitive 
bid)  

• Importance of market actors and end-users (and their representatives) in industrial 
compressed air decision-making 

4.2.1 Key Actors and Services 

The primary market actors in the industrial compressed air supply chain are manufacturers, 
distributors, general contractors, and design engineers.  Manufacturers and distributors play 
larger roles in the supply chain for compressed air than they typically do in other end-use 
industries.  Compressed air distributors, in particular, carry out a wide variety of supply chain 
functions including selling compressors, installing compressors, providing design services, and 
providing maintenance services.  Contractors are generally an insignificant part of the 
compressed air supply chain.  Design engineers and general contractors primarily enter the 
supply chain in new construction and major plant renovation projects. 

Exhibit 4-1 illustrates the composition of the compressed air supply chain. The general roles of 
each of the supply-side market actors are summarized below. 
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Exhibit 4-1 
 Compressed Air Service and Equipment Supply Channels 

Customer

Compressed  Air Specialist

Utility
Company

General
Contractor

General
Contractor

Direct Sales for
National Accounts

Manufacturer

Wholesale
Distribution &
Engr. Support

Sales Dept. Service Dept.

Distributor

Design
Engineer

Aspen Systems Corporation, The compressed air systems market assessment and baseline study for New England.  

Manufacturers are the originating source of equipment for the compressed air supply chain.  
They produce air compressors and related equipment and sell these products principally at the 
wholesale level directly to distributors; the latter being especially true in the Wisconsin market 
where manufacturers have deeply entrenched distribution networks through which equipment 
is sold almost exclusively.  Manufacturers offer technical support, information, and often 
training to distributors, others in the supply chain, and even end-users. 

Distributors are wholesalers of compressed air equipment that also install compressed air 
systems, and provide design and maintenance services.  They sell most of their equipment 
directly to end-users.  Like manufacturers, distributors provide training and technical support 
to buyers.  Compressed air distributors are much more involved in design and installation 
services than are distributor of other commercial and industrial equipment. 

Designers as referred to in this study are firms that specialize in compressed air system design 
and equipment specification for Wisconsin industries.  (Note that the other market actors above 
sometimes employ engineers as well to provide compressed air design services.)  Larger firms 
with compressed air design capabilities usually offer other engineering design services as well, 
such as electrical, environmental, civil, and industrial. 
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Contractors involved with compressed air system installations are, for the most part, general 
contractors that participate in new construction or major renovations. 

Specialists providing compressed air system audit-based optimization services are a new and 
growing market player, but they do not yet hold a significant position in the marketplace. 

This research focuses on key features of the supply side of the compressed air industry 
generally and in Wisconsin. Because the market structure of the compressed air industry is 
relatively narrow, with a few manufacturers and distributors tending to control much of the 
supply chain, there are few opportunities for specialty contractors that provide expert 
consulting services, involving compressed air audits6.  In addition, some manufacturers, and 
most distributors, do their own design work.  As a result, independent design engineers and 
general contractors only appear to matter for a minority portion of systems developed for new 
construction and plant expansion. 

Half of manufacturers interviewed report that they provide compressed air design services 
(generally to large industrials); while the others indicate that they believe that is the role of the 
distributor.  Only one of the five manufacturers interviewed reported that they installed the 
systems they sell.  All distributors report that they provide compressed air system design 
services; primarily bundled with the product sale.  Some distributors report that they do design 
work in a minority of jobs; others report they always do the design.  In addition, all distributors 
report that they install compressors.  All distributors also report that they provide maintenance 
services, probably on the majority of their sales.  Maintenance contracts may account for a larger 
share of distributor revenues than installation. 

4.2.2 Industrial Compressed Air Market Size  

Fewer than 10 firms dominate the manufacture of stationary compressors, with Ingersoll-Rand, 
Gardner-Denver, Atlas-Copco, and Quincy together accounting for over 80 percent of the 
national market.  According to U.S. Census Bureau data, stationary air compressors – including 
both reciprocating and rotary positive, centrifugal, and axial models – represented about a $800 
million market nationally in 2001.  This number is consistent with the compressed air segment 
sales of $200 million in the U.S. reported by Gardner Denver in its 2001 10-K filing (which 
includes small compressors sold for residential use as well as portable compressors.)  

Wisconsin was estimated by one of the manufacturers to account for about 3 percent of the 
national market, while distributor estimates of the size of the market ranged from $10-30 
million.  In unit terms, one distributor said the market “averages between 1,200 and 1,500 
units.” The distributors interviewed estimate that combined they sell just under 1,000 units per 
year.  Within the state, the most prominent manufacturers include Ingersoll-Rand, which 
operates its own sales and service network and is said to hold about 25-30 percent of the 
market, and Quincy, which is represented by a distributor with a statewide sales and service 
network and also has about 25 percent.  Atlas Copco, Gardner Denver, Sullair, Kaeser, and 
other manufacturers are generally represented by individual distributors with a local focus. 

                                                      
6 Note that nationally, there are several firms and experts that have developed businesses and reputations 

focused on finding major energy savings in compressed air systems in existing industrial facilities. 
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4.2.3 Wisconsin Compressed Air Product Flows  

At the national level, according to sales channel data provided by air compressor 
manufacturers, at least 80 percent of compressed air equipment sales are channeled through 
distributors, most of which are independently-owned businesses.  An exception to this rule is 
found with Ingersoll-Rand, who maintains a company-owned distribution network.  Ten 
percent of the product sold is through the use of a manufacturer sales force, with equipment 
shipped straight from the manufacturer to the buyer; five percent is sold through independent 
manufacturers representatives and shipped directly to the buyer; and five percent is sold to 
various players in the market directly, including design engineers, contractors, OEM’s and 
owners.  National sales channels and the percent of product flow through each channel are 
shown in Exhibit 4-2. 

Exhibit 4-2 
 Manufacturer-based National Stationary Compressed Air Equipment Sales by Channel 

Manufacturers
Representatives

5%

Distributors
80%

Other
5%

Manufacturers Sales Force
10%

 

Manufacturer sales into the Wisconsin market for compressed air equipment are routed almost 
exclusively through distributors.  All manufacturers have aligned themselves with a core 
distributor for the majority of their sales, as illustrated in Exhibit 4-3.  Distributors, of course 
buy their equipment directly from the manufacturer (or occasionally the manufacturers 
representative). 
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Exhibit 4-3 
 Wisconsin Manufacturer Product Flow Using Distributor Networks 

Manufacturers

Distributors
Ingersoll-

Rand
Gardner-
Denver Quincy Sullair Joy

Atlas-
Copco

Comp 
Air-

LeROI
Saylor-
Beall

Curtis-
Toledo MAKO

Captive
Ingersol-Rand (four locations) X

Independent
Energetics Industrial Distributors X X
Brabazon Pump & Compressor (three locations) X X X
Compressor Services X
Wenniger Compressor X
American Air Products/Clayhill l2 X
Appleton Compressor Services & Supply X X X X
Air Supply Systems, Inc. X
Cochrane Compressor Co (three locations) X
Wisconsin Compressed Air (two locations) X X  

Once the product reaches the distributors, compressed air equipment is sold in conjunction with 
other services that often include compressed air system design, system installation and system 
maintenance services.  The percent of compressed air equipment sold through various 
distributor sales channels differs for new construction and retrofit applications.  Exhibit 4-4 
illustrates Wisconsin compressed air equipment sales in new construction downstream of the 
distributor.  New construction sales are most often direct to the owner (80 percent of the time), 
but in the remaining 20 percent of the cases, sales are made to the design-build team.  In retrofit 
applications the sales are almost exclusively direct to the owner (at 98 percent), with just 2 
percent of those sales being direct to the general contractor responsible for a given job. 

Exhibit 4-4 
 Wisconsin Distributor Sales Channels 

Percent of Compressed Air Equipment Sold
by Distributors in New Construction

Applications

Directly to
the Owner

80%

Through a
Design

Engineer
4%

Through a
Architect

1%
Through a
General

Contractor
1%

Directly to
the Owner

98%

Through a
General

Contractor
2%

Percent of Compressed Air Equipment Sold
by Distributors in Retrofit Applications
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4.2.4 Equipment Types, Systems and Opportunities 

The air compressor itself is a packaged device manufactured by original equipment 
manufacturers (OEMs), consisting of a motor to drive the system, a drive train and air 
compression mechanism.  Air compression mechanisms, referred to as the compressor “air 
end,” are reflected in the machine names described above, rotary screw, reciprocating piston 
and centrifugal.  Exhibit 4-5 depicts the compressed air system, as reported in ACEEE, 1996.  
However, as shown in this illustration, there is much more to the compressed air system after 
the air end, as various ancillary components are needed to treat the air after compression, 
including the use of filters, separators (to remove oil from the compressed air), after-coolers 
used to mechanically cool the air after compression, and dryers to remove moisture.  
Furthermore, within the distribution system, receivers are used to store the air, and pipes, 
regulators and valves move that air on its way to end-use tools.  This highly complex system 
must work cooperatively to produce compressed air that meets the quality needs for a given 
application.  Optimizing this system is an important key to energy efficiency, through careful 
determination of compressed air demand, part-load efficiency, elimination of waste, and so 
forth.  The ability of the system to meet the design intent/requirements is largely a function of 
the controls selected and settings, as improper control of the system will lead to sub-optimal 
system performance. 

Exhibit 4-5 
Diagram of an Industrial Compressed Air System 

 

PLANT AIR COMPRESSOR PACKAGE

Motor Drive Train Compressor
“Air-End”

Ancillary
Components

Distribution
System Tool

Controls

Piping
Receivers
Regulating
valves
etc.

Tool

Tool

Filters (std .)
Separators (std .)
Dryer (opt.)
Aftercooler (opt.)

Energy
Input

A B

C

D

E

Air
DischargeAir Inlet

ACEEE, “Electric Motor Systems Market Transformation,” March 1996. 

Compressed air systems are much more complex than most end-use systems other than 
industrial processes. Importantly, the demand for compressed air at any particular industrial 
plant can vary significantly over time. Good part-load compressor efficiency in response to 
changing loads must be planned for, through proper compressor sequencing, compressor 
storage and other strategies.  Although components, such as the compressor itself, can be more 
or less efficient, it is often how those components are integrated that determines the efficiency 
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of the entire compressed air system.  Efficiency is not measured as easily for compressed air 
systems as it is for other single-component type systems. Efficiency for compressed air systems 
is a function of the total amount of energy required to produce the compressed air needed at all 
of a plant’s points of use over a representative period of time. 

Especially important in compressed air efficiency considerations is the ability to accelerate 
opportunities for existing system optimization and maintenance.  These optimization 
considerations shift the focus of efficiency improvements away from the individual components 
of the compressed air system to the total system performance.  However, business models are 
still in the formative stages for most compressed air system service providers, though some do 
offer expert compressed air system services to improve performance and optimize system 
functions.  This can take place at any point in a given compressor systems life span, though it is 
certainly true that market events are likely to trigger those considerations, including system 
renovation or even equipment replacement events. 

According to XENERGY, 2001, customer awareness of and concern for compressed air 
efficiency is very low, with 57% of manufacturing plants having taken no action to improve 
compressed air system efficiency in the last two years.  While three-quarters of distributors 
report that they offer system efficiency measures, these services represent only 4% of their total 
revenue.  Most distributors identified customers' lack of understanding of compressed air 
energy efficiency benefits as the major barrier to increased sales in this area. 

Regarding the air compressor itself, there are three major types of stationary (non-portable) 
compressed air units used by industry in Wisconsin, namely, reciprocating, rotary and 
centrifugal machines.  Like chillers used in the HVAC industry, centrifugal machines have a 
larger capacity than the others, followed by rotary, and finally reciprocating compressors used 
in smaller applications.  According to Wisconsin-based compressed air distributors, as shown in 
Exhibit 4-6, about 50 percent of the compressed air machines sold to industry in Wisconsin are 
reciprocating units.  The bulk of the remainder are rotary machines, a portion of which are oil-
free compressors.  Distributor-based reports are thought to reflect the majority share of the 
Wisconsin market for compressed air equipment. 
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Exhibit 4-6 
Breakdown of Wisconsin Distributor-Reported Air Compressor Unit Sales by Type 

Reciprocating
50%

Rotary
(except Oil-Free)

45%

Oil Free
4%

Centrifugal
(Except Oil-Free)

1%

 

National air compressors sales by type differ substantially from the Wisconsin distributor-based 
sales described above.  National data (ACEEE, 1996) suggests that rotary machines account for 
more than 70% of air compressor unit sales to industrial plants each year.  Manufacturers 
interviewed for this study confirm this fact, reporting that reciprocating units account for about 
20 to 25 percent of unit sales (vs. 50 percent reported by distributors in the Wisconsin markets).  
This difference is due to the mix of industries found in Wisconsin and the specific compressed 
air needs of those industries.  Contributing factors include the fact that Wisconsin industries do 
not have substantial base loads for compressed air (normally best served by either centrifugal or 
rotary machines), an abundance of pneumatic tools that are best served by reciprocating 
machines, and many compressed air loads that are highly variable (and therefore best met using 
reciprocating machines which feature good part-load performance).   

The national market is leaning heavily toward rotary machines.  More and more firms are either 
buying rotary or centrifugal machines.  The market share of reciprocating machines is 
decreasing for large industrial users.  Although they are efficient machines, especially at part-
load, they are expensive to maintain, expensive to install, and have a high initial equipment 
price.  The Wisconsin market is somewhat unusual in that reciprocating machines continue to 
be the dominant choice for industry.  This is especially true in the 5, 10, 15 HP market, and 
importantly, within the industry mix supported in Wisconsin. 

The size of the machines sold into the Wisconsin industrial market, as reported by Wisconsin 
distributors, is presented in Exhibit 4-7.  Manufacturer reports mirror the distributor findings, 
and national data (XENERGY 1998) and data from the Department of Commerce support this 
same size distribution for air compressor unit sales. 



 

 4-9 Compressed Air 

Exhibit 4-7 
Breakdown of Wisconsin Distributor-Reported Air Compressor Unit Sales by Size 

<= 50 HP
60%

50 - <= 100 HP
25%

100+ HP
15%

 

Although 100+ HP air compressors only account for about 15 percent of the units sold in the 
Wisconsin industrial market, they most likely account for more than 50 percent of the total 
energy use.  Similarly, the potential for energy savings is amplified within the large HP 
compressed air units. 

OEM's indicate that the size of a given end-user and their relative scale of production is the 
primary determinant that leads to premium efficiency equipment selection.  Companies with 
equipment, like air compressors, above a given size limit (of say 50 hp) are more interested in 
energy efficient products than smaller end-users that concentrate on just lowest first cost. 

4.2.5 Market Event and Bid Structure 

The potential for energy efficient investment in industry is highest in new construction and 
major renovation applications and lowest in emergency replacements.  The timeframe available 
for making (and therefore influencing) compressed air investment decisions is a key factor, as is 
the necessity to consider a full complement of design, equipment specification and installation 
needs.  Large new construction projects have the longest lead-time and require a full 
complement of design considerations, involving all system components.  Lead-time and depth 
of design consideration declines as one moves through to planned and emergency replacement 
projects.  In the most extreme emergency replacement situation, the efficiency of the equipment 
installed is often dictated simply by the availability of parts and equipment. 

• In new construction there is the greatest flexibility in system design, the lowest 
incremental cost of efficiency improvements, and the possibility of interacting with key 
decision-makers early in the process. Major renovations have similar characteristics, 
with less flexibility in system design. 

• However, more so than other industrial processes, major retrofits can be made to 
compressed air systems without affecting core process equipment.   
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• Planned replacements also provide substantial opportunities for energy efficient 
investments, as supply-side market actors have time to influence the equipment choice, 
and decision-makers with the foresight to plan replacements may be more amenable to 
system-level energy efficient solutions. 

As shown in Exhibit 4-8, compressor sales made by distributors in Wisconsin are roughly 
evenly split between new construction/renovation/expansion (40 percent) and 
retrofit/replacements (60 percent).  Note that sales by distributors are a good proxy for the 
overall market since 90 percent of units pass through distributors.  For the retrofit/replacement 
market, emergency replacements make up 25 percent of the total and planned replacements 
account for 75 percent.  (Thus, emergency replacements are 10 percent and planned 
replacements 30 percent of the total distributor market, respectively). 

Exhibit 4-8 
 Breakdown of Wisconsin Distributor-Reported Air Compressor Unit Sales by Market Event 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

All Reciprocating Rotary
 (Except
Oil-Free)

Oil Free Centrifugal
(Except
Oil-Free)

Compressor Type

New Construction/R&R/
Plant Expansion
Retrofit/Replacement

 

Considering new construction and retrofit projects combined, distributors report that 
compressed air equipment sales are obtained through direct negotiations with an owner about 
55 percent of the time, with that contractual arrangement more common in retrofit projects.  
Design/build arrangements are the next most common, at about 25 percent, and more likely in 
the new construction market than the retrofit market.  Plan and Spec arrangements are not as 
common, accounting for about 20 percent of all projects, in both new construction and retrofit 
applications. 
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Compared with the commercial sector, competitive bidding appears to be less prevalent in 
industrial markets.  According to designers interviewed for this study, the bulk of the 
compressed air design work completed in the Wisconsin market is based on direct negotiations 
with the owner or owners’ representative, without a formal bidding process.  Furthermore, 
those jobs generally involve not only the system design, but also equipment procurement, most 
often directly for the owner and in some cases for a general contractor.  Design services are 
rarely obtained through arrangements with A&E firms or installation contractors.  For this 
reason, compressed air distributors have greater influence over the system installed than, for 
example, HVAC contractors working in a commercial building.   

4.2.6 Compressed Air Influence 

End-users are important in the equipment/services decision-making process to the extent that 
they demand certain compressed air system attributes.  Compressed air suppliers state that 
their sales messages and marketing approaches are tailored to the customers they serve.  End-
users demand a reliable, constant supply of air, and suppliers work to fulfill that need.  If end-
users demand energy efficient compressed air systems suppliers say they will adjust their 
approach to provide it.     

Distributors report that owners or the owners representative (plant manager or plant engineer) 
are most influential in compressed air investment decisions, followed by the salespeople on the 
supply-side, who often work in conjunction with the owner or plant engineer to select 
equipment.  The smaller the end-user, the more likely the salespeople will have greater 
influence.  Design engineers are also mentioned by distributors as influential, as were 
accountants or other financial-based decision makers, like CFO’s. 

Manufacturers report that end-users and mechanical design engineers play an equal role in 
equipment specification for new construction applications.  For retrofits, manufacturers report 
that the owner or owners representative (plant manager or plant engineer) are the most 
influential in a given compressed air equipment purchase.  Manufacturers also mentioned 
purchasing departments/budgets as influential and compressed air audits (touted to contribute 
only about 4 to 5% of compressed air business today, but this is a growing market). 

4.3 KEY BUSINESS DRIVERS, PRACTICES, AND INFORMATION SOURCES 

4.3.1 Drivers and Practices 

Manufacturers, distributors, and design engineers were asked to discuss what they thought 
were the key issues driving the industrial compressed air market today.  The key issues 
identified are discussed below: 

• Manufacturers report that controls, VSD’s, and systems integration are the key trends in 
the compressed air industry. A couple of manufacturers volunteered that the 
Compressed Air Challenge (CAC) and rebate programs on the "coasts" were underlying 
these trends. Several noted that manufacturers were under pressure to match each 
others’ efficiency-related innovations such as VSD’s. 

• When queried about key regulatory trends, almost all manufacturers stated that there 
were no hard regulations that they anticipated facing (like mandatory standards); 
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however, they all noted that voluntary Compressed Air and Gas Institute (CAGI) and 
DOE CAC efforts are strongly pushing the market from component specifications 
towards total system efficiency. 

• Among distributors and designers, energy use reduction was mentioned most often as 
an important trend affecting the industry; other key trends mentioned were reductions 
in footprint (compressor size), noise, and price.   

• A scattering of responses were provided regarding a trend towards pre-packaged 
systems, for example, involving the coupled sale of after-coolers along with a selected 
air compressor. 

In addition, each of the supply-side market actors were asked to identify the key factors that 
they believe differentiate themselves from their competitors, as well as the most important 
compressed air product features.  The most important features are shown in Exhibit 4-9.   

Exhibit 4-9 
Distinguishing Business and Compressed Air Product Features (Self-Reports, Unaided) 

Manufacturers Distributors Designers 
• Energy efficiency  

• Product quality, 
innovation and 
performance 

• Serviceability 

For Firm: 

• Service provided 

• Energy Efficiency 

• Quality of products/support 

For Products:  

• Energy efficiency 

• Noise level 

• Reliability 

For Firm: 

• Service Provided 

• Experience 

• Energy Efficiency 

For Equipment Specs: 

• Reliability and reduced 
O&M 

• Energy efficiency 

For air compressor manufacturers, product features and firm features are virtually 
synonymous; therefore, Exhibit 4-9 lists only the key product features reported by 
manufacturers.  Two of five manufacturers mentioned energy efficiency as key to 
distinguishing themselves from their competitors; other manufacturers mentioned product 
quality, innovation, ease of maintenance, and length of warranty.  

Distributors reported that energy efficiency, service quality and breadth, and product quality 
were the key factors by which they differentiate themselves from their competitors. All 
interviewed distributors cited energy efficiency as one of the key product features customers 
ask for when buying compressed air systems. Noise, reliability, and service were also cited as 
key customer buying factors. Distributors most often cited energy efficiency as the primary 
product feature they emphasize in marketing compressed air equipment. Noise levels, 
reliability, and service were also noted as important selling features. 

Manufacturer and distributor reports combined suggest that energy efficiency in the 
compressed air market is very important and is growing in prominence.  The Compressed Air 
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Challenge is likely responsible for this market shift, although empirical data supporting this 
assertion is limited. 

One industry observer noted that the differences in compressor efficiency among the 
manufacturers was fairly small and distributors’ emphasis on machine efficiency was just 
salesmen “blowing smoke.”  Distributors and designers both frequently mention efficiency 
from a compressed air unit perspective, rather than from the systems perspective believed to be 
most important by energy efficiency professionals.  Manufacturers, on the other hand, appear to 
be truly convinced of the importance of the systems approach, and are busy developing 
integrated controls-driven solutions and training in this area. 

When discussing the most important equipment characteristics to specify and what compressed 
air end-users look for in a given design, most designers focused on reliability as the number one 
factor to address.  Related to that, respondents also cited the need to reduce downtime and 
ongoing O&M expenses.  There is a very high value placed on the reliability of compressed air 
systems.  

4.3.2 Training 

Information exchange in the compressed air industry is often facilitated using training.  For 
example, distributors train end-users and contractors in proper maintenance and operating 
procedures for compressors and related equipment, manufacturers provide factory training to 
distributor technicians and sales representatives, and government and utility programs sponsor 
training for all of the above.  Training initiatives and research results related to training are 
described below. 

Manufacturers offer fairly extensive training services for distributors and end-users.  Factory 
training covers products (compressor basics, electronics and switch starters, how to trouble 
shoot, controller sequencing and system demand, competitive products, etc), servicing of 
machines, and sales.  These services are offered at both the manufacturers' and end-users' 
facilities.  Manufacturers knowledge regarding compressed air system design and performance 
appears to be substantially more advanced than that of their distributor counterparts.  
Manufacturers in fact explained that the distributors themselves require additional education in 
the area of energy efficiency, as they have not yet made the leap to services designed to enhance 
overall compressed air system performance. 

Distributors reported a variety of training sources for their staff, although most referenced 
factory training provided by manufacturers. One mentioned Compressed Air Challenge.  
Another mentioned Focus compressed air training.  Three of six distributors report providing 
contractor training, all provide end-user training. When probed on training sources, an 
additional distributor mentioned Focus and CAC. 

Designers mentioned that training programs are available from a number of sources, and 
generally all are thought to be effective.  Most often mentioned are programs offered by 
manufacturers including Gardner Denver and Kaiser Compressors.  In some instances vendors 
make a visit to an engineering firm to host the training.  Also mentioned were offerings by 
Focus (specifically to obtain certification) and the Independent Compressor Distributor 
Association.  One mentioned their preference for training by applications engineers.  
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Importantly, none of the designers mentioned federal efforts revolving around the Compressed 
Air Challenge, a major campaign designed to influence compressed air system practices 
through education and training initiatives. 

For end-users there is also the alternative of attending the Fundamentals of Compressed Air 
Systems, a one-day training course being offered nationwide (through the Compressed Air 
Challenge), with a focus on compressed air system efficiency.  The target audience is plant 
engineers and maintenance supervisors. The goal is to raise awareness of the benefits of best 
practices, thereby to influencing performance in industrial compressed air systems. 

4.4 ROLE OF ENERGY EFFICIENCY, PERCEIVED OBSTACLES, AND SUPPLIER PROGRAM 
SUGGESTIONS 

4.4.1 Role of Energy Efficiency 

As noted in Section 4.3, manufacturers and distributors were asked open-ended questions about 
what they believed were the key trends shaping the compressed air industry today.  
Interestingly, both groups volunteered energy efficiency as the key trend. This seems to indicate 
that recent efforts to improve the efficiency of compressed air systems by energy-efficiency 
organizations may be registering with key suppliers. 

• Both manufacturers and distributors reported that improving energy efficiency is the 
key trend in the compressed air industry. Manufacturers, much more than distributors, 
emphasized the importance of total compressed air system efficiency rather than simply 
the efficiency of the compressor itself. 

• Both manufacturers and distributors stated that they almost always promote the 
efficiency of their product during the sales process. However, distributors appeared to 
refer principally to compressor efficiency rather than the efficiency of the entire 
compressed air system.  

When asked what aspects of energy-efficient compressor systems they stress in their promotion 
efforts, manufacturers tended to emphasize the part load efficiency of their systems. Most 
manufacturers state that they emphasize efficiency in every sale; however, a couple noted that 
they do not try hard to change a customer's mind if that customer is very focused on 
minimizing first cost or has other non-efficiency related needs. Manufacturers emphasized 
proper sizing, proper system integration, product innovation, and customer communication as 
having the greatest impact on the efficiency of installed systems. Although all manufacturers 
emphasized systems optimization; one stated it was best to alternate running full-bore and 
shutting off completely, another stated that VSD compressors offered savings for virtually all 
customers; and three focused on optimal integration of all components, sizing, layout, controls, 
and storage. 

Distributors state that they almost always promote the energy efficiency of their compressed air 
equipment.  Several distributors said that the trend toward efficiency was good for their 
business because it was leading customers to be more discerning and gave them a way to 
differentiate themselves from their competitors.  Distributors promote energy efficiency because 
they consider the units they sell to be efficient, thus saving customers on their operating costs. 
However, distributors did not volunteer any information about the systems dimension to the 
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efficiency of compressed air; they tended to claim simply that their compressor units were 
efficient. Two of the industry observers emphasized their belief that distributors may talk 
efficiency, but they do not walk efficiency, particularly when it comes to system efficiency. 

Three designers with a concentrated Wisconsin presence noted that in 75-100 percent of their 
jobs their clients specifically request an energy efficient design.  There was a consensus among 
the respondents that the larger the industrial client or the larger the compressed air system, the 
greater the likelihood that they would specifically request an efficient design. 

• Four out of five designers described energy efficiency as either extremely or very 
important in compressed air designs. 

• When asked what the key characteristics are of their energy efficient design, there was a 
consistent emphasis among all of the designers on the compressor itself.  One 
respondent explained that one manufacturer’s compressors use a specialized airhead 
profile that provides an additional 20 percent of CFM per horsepower.  Two designers 
emphasized the importance of the drive motor.    Only one respondent noted the 
importance of the piping system layout to ensure adequate pressure for all end uses in a 
given plant. 

• Two of the designers mentioned that the need for energy efficient compressed air 
systems is of greatest importance to the owner when the system size exceeds a given 
threshold, of say, 50 horsepower or total equipment costs that exceed one million 
dollars.  Two others mentioned that they only consider efficiency when the end-user 
specifically requires an efficient design.  The fifth respondent noted that energy 
efficiency is a requirement of every job they complete, and a key element of their overall 
business strategy. 

4.4.2 Suppliers’ Perceived Obstacles to Compressed Air Efficiency and Suggested 
Solutions 

Manufacturers strongly emphasized that end-user focus on minimizing first cost is the biggest 
obstacle to efficient compressed air systems.  Barriers were noted among plant personnel 
(ignorance of the true operating costs of the compressed air systems) and purchasing/finance 
personnel (ignorance of life-cycle benefits, organizational practices that reward first cost 
minimization).  Manufacturers emphasized the importance of getting access to and influencing 
financial-based decision makers in customer organizations, such as CFO’s.  To convince that 
audience of the credibility of savings claims being made by compressed air specialists, as well 
as manufacturers and distributors, may require the opinion of a trustworthy third-party entity, 
for example, the Focus on Energy. 

Supply chain barriers noted by manufacturers include: 

• The historic orientation of compressed air sales staff (generally at distributors) toward 
supply side solutions (e.g., increasing compressor horsepower to increase air supply 
instead of increasing storage) 
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• The difficult shift for these distributors to demand-side analysis (e.g., if more air is 
needed, fix leaks before adding more horsepower) 

• Sales incentives that drive salespeople back to first-cost emphasis (i.e., don't risk a sale 
by trying to educate a customer that is first-cost focused). 

Another barrier in the sales process mentioned by manufacturers was the fact (or perception 
among distributors) that a demand-side solution might be very inexpensive and generate little 
revenue for the compressed air supplier.  To accept this tradeoff, the supplier must believe that 
they will still increase or maintain revenue and market share by developing a long-term 
relationship with the customer as their compressed air systems experts (a fundamentally 
different business model than simply selling compressors).  Several manufacturers believe that 
end-users must ultimately drive the market and that the supply side will fully change when it 
perceives that customers truly understand and want efficient systems.  One manufacturer also 
emphasized that training of supply chain salespeople is critical; in his view, when these folks 
have more confidence in their knowledge of demand-side solutions, they will be more 
comfortable and assertive in selling the demand-side approach.  

Distributors were also asked about barriers to increasing compressed air efficiency.  First cost 
minimization and capital spending cuts were cited by four of six distributors as the principal 
end-user barrier to efficient compressed air systems.  One also mentioned confusion over what 
is really efficient with respect to control and systems strategies.  Distributors mentioned 
improved communication of efficient system savings and paybacks, as well as improved 
product quality, rebates, and financing, as ways of reducing end-user obstacles to purchasing 
efficient systems.  Most distributors did not believe that there were significant barriers to 
manufacturers producing efficient compressed air units; they believe the principal barriers are 
at the end-user level of the supply chain. 

Four out of five designers noted that first cost (or price) is the number one barrier to energy 
efficient compressed air design. 

Industry observers agreed that more customer demand for compressed air audits and system 
efficiency were critical to generating market pull to match the supply-side push resulting from 
Compressed Air Challenge and other related efficiency programs.  One industry observer also 
noted that end-users don’t know whom they can trust when it comes to compressed air. 
Concern over factory down-time was also emphasized as an important barrier to compressed 
air retrofits.  Industry observers also emphasized that the key supply-side barrier has been the 
emphasis of the industry on selling larger compressors rather than optimized compressed air 
systems. 

4.4.3 Suppliers’ Program Suggestions 

We asked the supply-side actors themselves what they believed would be useful program 
features for the compressed air market in Wisconsin.  Responses are summarized below. 

Respondents suggested many predictable program strategies, spanning incentives, information 
dissemination, training, documentation of savings claims, and vague suggestions for “training” 
to address the equipment purchasing process and the specific need for better informed CFO’s 



 

 4-17 Compressed Air 

(and other decision makers that block compressed air improvements based solely on first cost).  
There were, however, a few additional items worthy of note. 

One industry observer that was interviewed had this to say, “While a lot of work has already 
been done in educating industry through training, demonstrations and case studies, what is 
needed is the delivery of those resources to turn the tables.  This is where Focus should fit-in 
best, by pushing for the use of those resources in the market.  While the Compressed Air 
Challenge brings many new "products" to the market, like the recent best practices manual, 
what is missing is a catalyst, like Focus – that should deliver it and work with suppliers to 
customize their services for Wisconsin industries and their needs.” 

Distributors mentioned rebates, financing, and customer education courses, and enhanced 
service agreements as potential program features to overcome obstacles to efficient systems.  
One noted that the hassle costs of factory down time to retrofit an inefficient system can be 
significant for end-users and that incentives could be particularly helpful in that area. 

One of the compressed air designers interviewed mentioned that they are actively involved in 
testing and measuring to benchmark compressed air system needs and performance.  This is an 
important area of emphasis pointed out by several of the industry observers and manufacturers 
that were interviewed, and an important attribute of several compressed air energy efficiency 
program offerings found throughout the country, for example: 

• Sav-Air is a compressed air audit and monitoring-driven project being sponsored by the 
Northwest Energy Efficiency Alliance (NEEA).  Systems are evaluated and then 
upgraded with monitoring equipment in place. 

• In California several programs are available that involve measurement-based 
compressed air system assessments and significant financial incentives. 

While it is true that other programs have been successful using a rebate model7, a key lesson 
taken from other program experiences is the effectiveness of subsidies that defer the up-front 
cost of the compressed air audit, as well as the turnkey management of the implementation of a 
given compressed air upgrade.  Funding for the audit helps the compressed air specialists 
secure survival for their business in the initial stages, and the turnkey implementation 
addresses the key lack of time barrier for most customers in an industry, especially small 
industry where time pressures and unexpected problems often prevent compressed air systems 
upgrades. 

The entire supply chain generally resonates on the fact that life-cycle cost analysis is an effective 
vehicle for overcoming barriers to efficient compressed air systems, and that there is a need for 
a heavy sales emphasis on operational cost savings. One respondent noted that barriers to 
energy efficiency are lowest during a major facility/system renovation; this should be 
considered as a major area of emphasis for Focus on Energy programs, to affect decision 
making at the time of major system overhaul or plant renovation. 

                                                      
7 The California Statewide Standard Performance Contracting (SPC) program is currently seeing substantial 

participation involving compressed air improvements, driven in part by rebates. 
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4.5 COMPRESSED AIR SUGGESTIONS AND CONSIDERATIONS 

The overall goal of this project is to provide Focus on Energy with a better understanding of 
supply chain actor practices, attitudes and information sources with regard to energy efficiency 
in order to improve the effectiveness of Business Programs activities.  This study is not an 
evaluation of the existing Focus programs.  The intent is to help identify areas and aspects of the 
supply chain that are leverage points for current or refined program activities. 
Recommendations should not be taken to imply that Focus is not already engaged in the 
suggested activity. 

Interview respondents had several thoughts on interventions in the compressed air market that 
the authors have elaborated upon below: 

• The entire supply chain generally agrees that life-cycle costs analysis is an effective 
vehicle for overcoming barriers to efficient compressed air systems, and that there is a 
need for a heavy sales emphasis on operational cost savings.  The focus of end-users on 
first-cost minimization and their lack of knowledge of the savings associated with 
improved compressed air systems were cited as the most important barriers to 
increasing the efficiency of compressed air systems.   

• Training and education should be considered, on top of what is already being 
provided through the Compressed Air Challenge and industry-based training that is 
offered through the compressed air equipment manufacturers and distributors.   Where 
possible, efforts should seek to compliment and strengthen existing training and 
education programs. 

• While a lot of work has already been done in educating industry through training, 
demonstrations, and case studies, what may be needed is additional attention to the 
delivery of those resources.  Although the Compressed Air Challenge brings many new 
"products" to the market, like the recent best practices manual, what is missing is a 
catalyst, like Focus on Energy – that delivers it and works with suppliers to customize 
their services for Wisconsin industries and their needs. 

• Several respondents mentioned the importance of testing and measuring to benchmark 
compressed air system needs and performance.  Energy efficiency programs now exist 
that emphasize measurement-based recommendations for system-level improvements.  
Focus on Energy should explore the successes and failures of other programs that are 
based on testing and measuring, for full consideration of a model that will work in 
Wisconsin. 

• Focus on Energy should consider a program model that provides subsidies to 
compressed air specialists for audit services and the turnkey implementation of audit-
based recommendations.  By helping providers to build a thriving business based on 
turnkey compressed air system optimization, Focus on Energy might help to create 
competition for those specialized compressed air services within the existing supply 
chain.  For example, distributors might react and more proactively develop and provide 
optimization services if they begin to lose market share to specialists. 



 

 4-19 Compressed Air 

REFERENCES 

Aspen Systems Corporation.  The Compressed Air Systems Market Assessment and Baseline Study for 
New England. 

American Council for an Energy-Efficient Economy (ACEEE), March 1996.  Electric Motor System 
Market Transformation. 

NEEA, 2001.  Sav-Air Market Transformation Initiative, No. 2, prepared by Pacific Energy 
Associates, Inc. 

Office of Industrial Technologies, December 1998.  United States Industrial Motor Systems Market 
Opportunities Assessment, prepared by XENERGY. 

US DOE, April 1998.  Improving Compressed Air System Performance:  A Sourcebook for Industry, 
prepared by Lawrence Berkeley National Laboratory and Resource Dynamics Corporation, 
prepared for United States Department of Energy, Motor Challenge Program. 

XENERGY, June 2001.  Assessment of the Market for Compressed Air Efficiency Services, prepared 
for the US DOE Office of Industrial Technologies. 

XENERGY, June 2002.  Major Markets Supply Channel Study: Phase I Evaluation Report, prepared 
for the State of Wisconsin Department of Administration, Division of Energy. 

 

 



 

 5-1 Pumps 

5.  PUMP SYSTEMS 

5.1 INTRODUCTION 

Pumping systems account for nearly 20% of the world’s electrical energy demand and range up 
to 50% of the energy usage in certain industrial plant operations.  (Elliot and Nadel, 2000) 
Nationwide, pumps represent about 31% of the total motor load for paper manufacturing and 
16% for food manufacturing (OIT, 1998).  Studies have shown that 30-50% of the energy 
consumed by these systems could be saved through equipment or control system changes.  
Because of the number of food and paper manufacturers operating in Wisconsin, pump systems 
account for a large share of the state’s industrial electric use. 

The primary research conducted for this industrial pumping supply-side market 
characterization consisted of in-depth interviews with pump industry experts, manufacturers, 
and designers (see Exhibit 1-1 for summary of interviews conducted).  A careful review of the 
available literature was conducted at the beginning of the project to help direct the assessment 
and formulate research topics.  Interview results are analyzed and integrated across market 
actors to produce an overall supply-side characterization for Wisconsin’s pump market. 

5.2 MARKET ACTORS, SIZE, PRODUCT FLOW, AND KEY STRUCTURES 

In this section we summarize the market structure, market size, product flow, and other key 
market characteristics to provide a context for understanding and utilizing the subsequent 
findings on attitudes, practices, key business drivers, the role of energy efficiency, and market 
obstacles.  The following aspects of the pumping market are discussed: 

• Role of market actors and services offered 

• Market size  

• Product flow and market structure 

• Equipment and system types 

• Relative importance of market events (such as new construction, plant expansion, and 
planned or emergency replacement) and bid structure  

• Importance of market actors and end-users (and their representatives) in pump and 
pump systems decision-making 

5.2.1 Key Actors and Services 

The primary industrial process pump market players are engineering/design firms, 
manufacturers, manufacturers’ representatives, distributors, and pump users.   The roles of 
these actors are summarized briefly below. 

Manufacturers sell pumps through manufacturers’ representatives and distributors, process 
equipment OEMs, and also directly to very large end-users.  Process pumps may be engineered 
specifically for a particular application, and, in the case of large pumps, are often sold directly 
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to the end-user. For example, York Fluids designs its Elima-Matic Pumps specifically for the 
food processing industry.  

Due to liability concerns, most of the smaller pump manufacturers do not provide design 
services for their pump customers.  Some of the larger ones, however, do provide design 
services.  About 10-15% of the systems large manufacturers sell include design assistance as 
part of the sale. 

Manufacturers devote engineering and product support resources selectively, according to the 
market served.  Typically, more support is provided in the specialized markets (e.g., highly 
corrosive environments) than in the commodities markets (e.g., HVAC systems). 

While most of the smaller pump manufacturers do not install or maintain the pumps they sell, 
some of the larger companies are performing these services when requested by the customer.  
Pump maintenance usually includes rebuilding equipment, changing hydraulic performance, 
replacing bearings and testing for efficiency.   

Pump distributors, manufacturers’ representatives, and dealers supply the link between the 
manufacturer and the end-user, particularly for medium and small pumps. They provide a 
wide range of services from repair and maintenance, to ordering and obtaining pumps, to 
design specification and pump selection (though full system design is rare).  Distributors use 
manufacturer information and manuals to help select proper pumps for an application.  While 
they play an important role in determining which pump is chosen for the job, they have little 
stake in pump system efficiency.   

Dealers are usually local firms (e.g., plumbing firms) that serve the commodities markets, and 
may not sell pumping systems exclusively.  Examples in Wisconsin include Salentine Pump and 
Equipment, Quality Pump Repair, and Pilot Pumps, Ltd.  Dealers often rely on the end-user to 
select the most suitable pump model. 

Distributors supply a more specific line of goods and tend to carry products from one specific 
manufacturer.  In some cases, distributors have direct contact with the end-user without the 
involvement of a dealer.  Distributors carry inventory of pumps and spare parts and offer repair 
services.  Examples in Wisconsin include Brabazon Pump and Compressor, Energetics 
Industrial Distributor, Preferred Pump and Equipment, and Anderson Pump and Process. 

Manufacturers’ representatives specialize in a specific market area.  They have direct customer 
contact and provide product pricing and technical support.  They can set up spare part 
inventories, determine maintenance schedules, and arrange for technical training.  They can 
place orders for sales, but do not take possession of pumps, which are shipped directly from the 
manufacturer to the customer.  Examples in Wisconsin include Adlam Equipment (Brookfield 
and Milwaukee) and Hydro-Flo Products of Brookfield.   

Pump designers or engineering firms design nearly all new greenfield sites, and are also 
involved with system renovation or major retrofits.  Design firms specify most large pump 
systems (e.g., those over 20 hp).  Their primary role is to design a system and select the pumps 
that meet the end-user’s requirements; once the system is operating, their task is usually 
complete.  Pump designers provide assistance to plant engineers both in designing new systems 
and in retrofitting and replacements.   
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Some pump designers reported that they occasionally provide equipment, however, they rarely 
install the equipment themselves.  The owner or a contractor usually performs the pump 
installation.  Some designers have ongoing maintenance contracts with their customers but this 
is the exception. 

General Contractors handle construction on larger projects.  Often, large jobs are handled on 
turnkey basis in which all design and plant construction are included.  Industrial general 
contractors are typically large firms.  Pump systems and pump system designs are often a 
relatively small component of the overall plant construction contract.  System design is often 
sub-contracted to specialty industrial pump system designers.   

Contractors are generally called on to install smaller, one-for-one pump replacements when 
facilities staff do not have the time or capability to perform the work themselves.  These 
contractors tend to have little influence on pump selection and virtually no influence on pump 
system design.  

Pump end-users evaluate proposed systems using initial cost, performance, reliability, and life-
cycle cost as criteria.  The balance among these differs from user to user, depending on the 
application, resource constraints, and the sophistication of the user.   Some users are 
knowledgeable regarding the problems associated with poor pump system design practices, but 
many do not understand the penalties of inefficient pump operation.   

5.2.2 Pump Market Size and Trends 

Several different types of pumps are used in the industrial processes for different types of fluids 
and pressures.  High-pressure fluid applications, for example, are often handled with rotary 
pumps, while reciprocating pumps are used where contamination prevention is critical.  
Centrifugal pumps, however, dominate the process pump market in terms of capacity and unit 
sales and total electricity consumption.  In 2001, more than 10.9 million industrial pumps were 
sold in the US, valued at over $2.8 billion (US Census, 2001).  Of these, about 75% are centrifugal 
pumps, which are reliable pumps with long operating lives that can be used in a variety of 
applications.  The other 25% of the market are positive displacement pumps, which are mostly 
used in special applications, such as those requiring high pressures, metered flow, or high 
viscosity fluids. 

As shown in Exhibit 5-1, pumps are responsible for 25 percent of all motor-driven industrial 
energy consumption in the US (Nadel, et al., 2002).  Pumps in the chemical, pulp and paper, and 
petroleum manufacturing sectors consume more than 75% of all manufacturing sector pumping 
electricity consumption. Within these three segments, process pumps account for about two-
thirds of the total pump consumption (Elliott and Nadel, 2002).  The potential for efficiency is 
greatest in process pumping for these high usage industries. 
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Exhibit 5-1 
Motor Systems Energy End-Use (Source: Nadel, et al., 2002)  
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As shown in Exhibit 5-2, while most of the pumps typically sold by the manufacturers we 
interviewed were under 50hp, significant shares were reported to be large or very large.  This is 
likely because we purposefully interviewed manufacturers whose product lines were focused 
on larger industrial motors.   

Exhibit 5-2 
Manufacturer Pump Sales Distribution by Size (Self Reports, n=5) 

Horsepower 0-50 50-100 100-200 Over 200 

Share 50-60% 10-20% 20% 10% 

In addition to pumps, all of the manufacturers interviewed sold related pumping equipment 
and pump parts such as seals, valves, motors and controls.  These items, however, represent 
less than 10% of their gross sales on average.   

A few major industries dominate the market for pumps and pumping equipment. Nationally, 
process pumps in the chemical, pulp and paper, and petroleum processing industries consume 
approximately two-thirds of total pump consumption in these sectors.  In Wisconsin, the forest 
products industry makes up 30% of the total manufacturing sector energy consumption, while 
the food industry accounts for roughly 13% (XENERGY, 2002).  Pump designers interviewed for 
this study reported having provided design assistance for 450 pumping systems over the last 
two years.  Of these design projects, 118 of them were for the food processing industry and 49 
were for the pulp and paper industry.  Even though pumping accounts for a larger share of 
energy consumption in pulp and paper than in food, more food projects may have been 
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reported because there appears to be considerably more new plant investment in the food 
industry than in pulp and paper. 

5.2.3 Pumping Product Flows/Structure  

The process pump market is competitive and as seen in Exhibit 5-3, not every manufacturer 
serves each process market.  Manufacturers rely on their representatives and distributors and 
sometimes sell directly to very large end-users. 

Exhibit 5-3 
Process Pump System Market  
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Source: Easton 1995 
 

• Many process pumps are engineered specifically for a particular end-use application 
and sold directly to the end-user. Since manufacturers tend to produce pumps for a 
given process market, there may be only a few players within each process market.   

Some pumps are sold to process equipment manufacturers and imbedded in specialized 
production equipment.  Scott Pump of Cedarburg, for example, sells only end suction single 
stage centrifugal pumps for OEM applications.  These pumps tend to be fairly well specified as 
they operate within purposefully engineered systems.  

Manufacturers and their agents exert strong influences on this market, and play a strong role in 
determining pump efficiency and selection.  Manufacturers interviewed for this study reported 
a diverse number of arrangements for selling their equipment.  As shown in Exhibit 5-4, two-
thirds of sales were said to occur through manufacturers’ reps and independent distributors, 
with respondents evenly divided between the two channels.  Manufacturers reported that about 
20% of their sales were through their own in-house sales teams and a much smaller fraction, 
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about 5%, were through engineering firms and contractors.  Roughly 10% of pumps were 
reportedly sold through original equipment manufacturers (OEMs).   

Exhibit 5-4 
Industrial Pump Manufacturers’ Sales Channels (Self Reports, n=5) 
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5.2.4 Equipment and System Descriptions 

In general, pumps perform two basic functions in the manufacturing sector: they are either a 
part of the production process or they support ancillary systems such as cooling water loops or 
boiler feed systems.  The majority of industrial and commercial pumping energy consumption 
occurs in process pumping.  Process pumps are integral in the production process.  They supply 
raw materials, and circulate, mix and move materials throughout the process.  This report 
focuses on the process pumping equipment and the decision path for its selection.  Ancillary or 
utility pumping common across many industries and buildings is discussed in lesser detail 
towards the end of this section. 

While ancillary pumps often are limited to pumping water or cooling fluid, and as such are able 
to operate under a wide variety of parameters, process pumps must be designed to 
accommodate a much more specific medium. In addition to the generic pumping parameters 
such as pump head, suction pressure, pump speed, etc., process pumps may be required to 
meet sanitary standards, corrosive specifications and abrasiveness considerations.  These 
requirements affect impeller size, seal types, and design speeds.  Because process systems are 
unique to the product or service that is being produced, they tend to have a discrete set of 
manufacturers, distributors and designers linked to a process.   

While specifications for each pump/motor configuration have a great deal of variables, design 
of a pump system has an even greater number of opportunities for variation.  Pump systems 
include all the aspects of the material being handled, along with everything attached to a pump 
and its piping.  Large industrial pumping systems offer both the greatest potential for saving 
and the most difficult areas to influence.  The goal of accurately matching process requirements 
to the flow is counter to the engineering practice of adding margins of safety to capacity sizing.  
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As such, most pumps tend to be oversized, which is a leading contributor to system 
inefficiencies.  Pump systems can be resized by adjusting impeller size or reducing motor speed.  
This can be done by using adjustable speed drives or by impeller trimming to reduce flow and 
can eliminate the need for throttling devices. 

System optimization provides the best opportunity for efficiency improvements.  Optimization 
involves monitoring the system to match flow to the actual process requirements. Equalizing 
flow over the production cycle by using holding tanks, increased pipe diameters, fewer pipe 
bends, reduced pipe lengths, and reduced safety margins/reduced pump size to fit the load are 
example opportunities for efficiency improvements (OIT, 1998).  According to a number of 
sources, an optimized system can achieve savings between 10% and 75%, with an average of 
about 30% (Nadel, et al., 2002).  One expert interviewed estimated that optimization usually 
lasts five years, after which the system may need to be tuned-up again.   

Paybacks can vary widely from less than 1 to 5 years or more depending on a number of factors, 
in particular, the amount of design time required compared to the total size of the system.  
Unfortunately, pump system optimization can be very labor intensive depending upon the type 
of fluid being pumped and the size of the system.  The engineering fees may be anywhere from 
a fraction of a percent to 90% of a project’s cost, whereas the hardware may be as low as 10%.  
Furthermore, these design costs are fairly fixed regardless of the pump size.  For this reason, 
smaller systems are rarely optimized. 

Pump motors, like all general purpose electric motors, have been steadily increasing in energy 
efficiency since 1975.  Currently, new premium efficiency motors are 1-4% more efficient than 
motors meeting federal efficiency minimum standards. Because pumps used in industrial 
process applications tend to have very high operating hours, even small increases in efficiency 
of one or two percent can result in significant cost savings.   

Other efficiency opportunities in pumping systems may be found in improvements to the 
electrical system, such as phase matching, power factor correction, eliminating voltage lags and 
distribution losses.  Efficiency improvements to mechanical drive train and lubricants will all 
allow a pump to run with less energy.  

5.2.5 Market Events  

The purchase of process pumping equipment and systems follows two distinct and separate 
paths based primarily on the timing of the purchase:  new construction or major 
retrofit/redesign versus replace-on-burnout/simple maintenance replacement.  While 
opportunities for replacement at the end of a pump life may be more frequent, the options to 
improve efficiency are very limited.  Most end-users in industrial settings prefer to replace a 
pump with the identical model, or something similar from the same vendor.  This is especially 
the case with larger process related pumps.  The timing for this type of changeout may allow for 
an upgrade in pump motor efficiency; however, any revisions to the pumping system as a 
whole are usually avoided.  The market event that provides the biggest opportunity for 
improving the overall efficiency is the design of a new system or a major retrofit.  This is 
virtually the only time a complete system optimization can be justified. It is at this point that 
larger efficiency improvements beyond those that occur from the pump changeout can be 
implemented.   



 

 5-8 Pumps 

Of the sample of manufacturers we interviewed, about 90% of their sales were reported to be to 
the industrial market and about 5% to each of the commercial and agricultural markets.  While 
the manufacturers interviewed were not able to identify the total industrial pump market size, 
they were able to break out the approximate market share by market event.  The direct 
replacement market accounted for about 40% of their sales while the new construction and 
system redesign market accounted for 30% each.  Of the retrofit/replacement market, pump 
manufacturers estimated 77% of their sales are planned replacements and 23% are emergency 
replacements.   

Most pump designers’ projects were planned replacements of existing systems (55%) and new 
construction (26%).  The remainder (19%) was associated with equipment failure.   These figures 
reflect design or updates to pumping systems in contrast to the manufacturers market event of 
simply selling a pump or pump system. 

When asked to break out the percentage of their sales by procurement method, manufacturers 
reported about half their sales were through design/build projects, where a contractor or 
engineering firm designs the system and selects the pumping equipment.  About 27% were 
through negotiated contracts.  .  The remaining 22% of their sales were through plan and spec 
projects, where a contractor provides a bid in response to a detailed specification These 
arrangements are based primarily on the type of customer (municipal or prive industry) being 
served.  The different customer types require very different procurement arrangements.   

5.2.6 Pump System Influence 

Pumping equipment and systems are influenced to varying degrees by all of the major supply 
chain players (i.e., manufacturers, distributors/reps, designers, contractors, and owners).  
Project/pump size and market event significantly affect which market actors are most 
influential.  For the larger projects associated with new construction and plant 
expansions/major renovations, manufacturers and design engineers typically play a significant 
role in the specification and design process.  The relative importance of end-users’ engineering 
staff varies depending on how much expertise the customer has in-house.  In many industries, 
the trend has been to reduce in-house engineering expertise and rely increasingly on outside 
engineers, suppliers, and contractors.  General contractors also play a role in the large new 
construction/renovation projects, especially for design-build jobs, because they manage 
budgets and often have final control over products and processes.  In replacement situations, 
the end-user often will specify the pump type.  Distributors play a role primarily in smaller 
pump or replacement part situations.   

Influencing end-users with regards to pumping equipment and efficient systems design is 
complicated by the different relationships and motivations of the key market actors.  One 
industry expert and prominent pump manufacturer characterized the problem as one of 
breaking through the barriers associated with what he called the “Iron Triangle”, which, as 
shown in Exhibit 5-5, represents the relationships between the end-user, general contractor, and 
design engineer.   
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Exhibit 5-5 
Price Pressure Influence on Pump System Design 
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In general, the end-user wants to buy an overall production system at the least cost.  They are 
typically focused on minimizing first costs and maximizing production capabilities.  When 
going out to bid for large production systems, they usually ignore the life-cycle energy costs of 
their pump and other energy using systems.  For large new construction or major renovation 
projects they will often hire a design-build contractor on a fixed price basis to turnkey the entire 
plant.  These are often very large jobs within which pump systems may be a relatively small 
part.  Upon winning the job, the design-build contractor is motivated to meet the overall 
product specifications as inexpensively as possible.  This leads to price pressure on the 
consulting engineer (whether in-house or subcontracted) to minimize design and system costs.  
Without adequate funding (i.e., time) to develop an optimized design, the engineer often 
defaults to oversized and less efficient systems. 

5.3 KEY BUSINESS DRIVERS, PRACTICES, AND INFORMATION SOURCES 

5.3.1 Business Drivers  

Manufacturers and design engineers were asked to discuss what they thought were the key 
issues driving the industrial pump market today.  The key issues identified are summarized 
below. 

Numerous technical and regulatory trends affect the pumping design market.  Technology 
trends include the specification of more controls and variable frequency drives as well as the 
use of hydraulic modeling programs to design systems.  Manufacturers pointed to the need to 
keep up to date with government codes and standards that apply to water conservation, water 
treatment, and fire safety, which are driving much of their development work.  In addition to 
government regulations, private industry and professional groups have continued to actively 
issue revisions and guidelines for pumping systems and equipment.  These groups include 
many organizations such as: the Standards Institute, the Hydraulic Institute, the National Fire 
Protection Association and even standards coming from European agencies and used in the US 
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such as ATEX (Atmosphere Explosible) procedures for operation in explosive environments.  In 
particular, sanitary regulations in the food industries such as those issued by the US 
Department of Agriculture (USDA) and the Food and Drug Administration (FDA) can be 
extremely strict. 

Most pump manufacturers believe trends in the regulatory arena will affect them in the near 
future.  Several large manufacturers specifically mentioned that stricter purification standards 
for fresh water and wastewater will have an effect on their product lines and sales, especially 
with regards to pulp and paper and food industries as they are fairly water intensive and will 
need to upgrade their processes in order to conform to effluent standards.  As a result, pump 
manufacturers anticipate increased sales of new water pumping equipment and systems.  Other 
regulatory areas mentioned also related to environmental considerations such as air pollution 
and new production incentives for Ethanol, which will require specialized pumping equipment. 

Economic trends are also significantly affecting the pump market, with new pump 
equipment purchases experiencing a slowdown recently.  Consolidation and plant closure 
have contributed to reworking some plant systems and eliminating others.  Pump 
manufacturers emphasized the effect the downturn in the economy has had on their business, 
especially in the mining and paper industries.  Owners are not making new investment in 
domestic facilities.  In addition, international pressures are affecting the local pump market.  
One manufacturer emphasized that the growth in pulp and paper markets is primarily in Asia.   
International pressure form Asia and Europe are having a dual effect on the domestic pump 
market.  While many owners are deferring upgrades to the factories because of reductions in 
sales and lack of capital for such improvements, others are upgrading to improve efficiencies in 
order to compete at the international level.  Larger more well capitalized companies that 
participate in the international market are the most likely to upgrade their pumping systems for 
this reason. 

One of the larger manufactures mentioned that the worldwide consolidation of pump 
companies is a driver of changes to the pump supply chain.  As manufacturers are forced to 
compete at the international level, they must offer more efficient pumps and control systems 
that are being purchased in countries with higher energy cost and stricter environmental 
standards.  One observer noted that the Canadian market may drive pump system efficiency 
improvements because of the government’s motivation to meet the Kyoto targets.   

5.3.2 Product and Service Differentiation  

Designers differentiate themselves in the marketplace by their level of comprehensiveness and 
by demonstrating a familiarity with a particular process.   Designers familiar with a unique 
process can make specific recommendations about flow rates and pump sizes that maximize 
efficiency at a customer’s site.  For this reason, customers tend to develop a relationship with 
pump designers that service their particular process.  More than 70% of designers’ business 
reportedly comes from existing customers.   

Manufacturers reported reliability, quality, and functionality as the primary marketing 
messages for their customers.  When manufacturers were asked how they distinguish 
themselves from their competitors, most of them reported that they focused on niche markets 
where they have a stronghold.  Manufacturers have carved out many specialized application 
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niches for specific pump lines.  Competition within these niches is sometimes scarce.  
Manufacturers’ messages vary somewhat depending on the market actor being addressed.  
Manufacturers said that when they are talking to designers or engineers they tend to emphasize 
efficiency and quality.  If they are talking to operators or maintenance people, they stress 
reliability, product support and ease of replacement.  With regard to different industries, 
respondents noted that their sales approach varied by the industry segment:  for example, 
power and petrochemical industries are more sophisticated and interested in performance 
specs, whereas the food industry is more focused on sanitary issues and functionality.  Because 
the pulp and paper market is struggling with overcapacity and the economic downturn, these 
companies are reluctant to take on new projects that require major capital expenditures, 
especially in new construction.   

Several manufacturers appear to be very interested in increasing the sophistication levels of 
their customer and most offer in house training to educate reps on equipment and onsite 
training to educate end-users about O&M and the benefits of system efficiency. 

5.3.3 Information Sources 

Designers, manufacturers and end-users have a broad range of sources they use to stay current 
on pumping industry developments.  Specific sources and publications suppliers report using 
include: 

• Manufacturers newsletters 

• Trade journals such as: Hydraulic Institute, Pollution Engineering, Pulp and Paper, 
Wastewater Digest, Water World, Power, Pumps and Systems Magazine, ASHRAE 
Journal, Consulting Engineer 

• Professional Associations: American Society of Mechanical Engineers (ASME), Society of 
Manufacturing Engineers (SME), Heating Piping and Air Conditioning (HPAC) 

• Other: the Internet and industry conferences 

Suppliers report that existing training opportunities are valuable and come from a variety of 
sources.  Pump designers report that they attend training provided by vendors, Focus, and local 
college professional development to stay abreast of new technologies and design.  Training 
programs from the Energy Center of Wisconsin, University of Wisconsin – Madison, and the 
Milwaukee School of Engineering were mentioned by several designers. 

 

5.4 ROLE OF ENERGY EFFICIENCY, PERCEIVED OBSTACLES, AND SUPPLIER PROGRAM 
SUGGESTIONS 

5.4.1 Role of Energy Efficiency 

The relative importance placed on energy efficiency in the pump specification and design 
process varied considerably among interviewees.  Respondents were split among those for 
whom efficiency was an important consideration and those who considered it relatively 
unimportant.  Among those who said energy efficiency was relatively unimportant, several 
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blamed this on the end-user, essentially saying that their own firms believed it was important 
but that they would not force the issue with customers who they believed had other priorities.   

Respondents indicated that customers and designers are most concerned with reliability. When 
customers specify a pumping system, attributes may include pump type, size, control systems 
or storage tank size, but rarely performance or efficiency criteria.  According to designers, 
optimization for energy efficiency generally comes after reliability, serviceability, sanitation (in 
the food sector) and flexibility in process capabilities.  Manufacturers generally agreed that 
reliability was critical and also emphasized the importance of functionality (i.e., matching the 
right pump for the job) and pump efficiency.  Both types of market actors agreed that customers 
are typically most concerned with minimizing the frequency and length of pumping equipment 
failures and the first cost of equipment.  According to pump designers, only about 15% of their 
clients specifically request high efficiency systems.  

Manufacturers reported that they generally promote energy efficiency for the larger pump 
market and more sophisticated market, but it is not as important with small replacements.  
Some manufacturers emphasized that they promote life-cycle cost analysis, which emphasizes 
efficiency.  Manufacturers report that they tend to promote cost and reliability the most, and 
efficiency is sometimes correlated with those attributes.  As pumping systems get larger or have 
longer continuous duty run times, efficiency specifications become more important, both for 
reliability reasons and energy cost.   

Designers reported that efficiency is very important in water and wastewater systems because 
these systems tend to run for long periods of time and have a great deal of load.  In addition, 
pumping these fluids is a fairly well developed field and the choices of pumps, control systems, 
and piping configurations are reasonably wide.  Conversely, pumping foods, viscous fluids and 
slurries is perceived to severely restrict suppliers’ choices of pumps and options for energy 
efficient design. 

Interestingly, one point agreed upon by both manufacturers and designers was that increasing 
pump efficiency tends to increase pump reliability.  When a pump specification is done 
properly, the pump is matched to the application and load.  This reduces friction, vibration and 
overheating that all lead to early failure and poor efficiency.  To this extent, when 
manufacturers and designers correctly design a pump for reliability (the most important 
customer concern) they sometimes are also selecting the most efficient pump.  Selecting the 
appropriate (i.e., not oversized) pump is believed by many to reduce both first costs and life-
cycle costs. 

5.4.2 Perceived Obstacles to Pump Efficiency  

Manufacturers and designers report that the most critical obstacles to pump system efficiency 
are end-users’ focus on minimizing first costs, end-users’ preference and pressure to oversize, 
Wisconsin’s low electricity prices, lack of customer knowledge, multiple and conflicting 
decision-makers within end-user organizations, and end-users’ reluctance to deviate from 
longstanding processes and practices.   

Manufacturers, designers, and industry observers emphasized the longstanding problem of 
industrial customers’ extremely low payback requirements and some tied this to lack of 
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knowledge and institutional barriers within end-users.  Pump suppliers often sell to plant or 
procurement personnel, who tend to be focused on reliability and first cost, rather than finance 
or management personnel who might be more receptive to purchasing based on life-cycle cost 
analysis that factors in the return on investment associated with efficient systems. 

A number of respondents strongly emphasized that efficiency is often sacrificed because of 
over-sizing, which is driven by end-users’ fear of under-sizing and belief that systems should be 
sized for all foreseeable production expansion possibilities.  One designer explained the cycle of 
over-sizing cycle, as follows:  

Typically what happens is a customer will say "I need this much flow at this much pressure" and 
his boss will look at it and say " we have to be safe, you never know what will happen in the 
future, so now we need this much flow at this much pressure". And then we get it and then we're 
like, "well you know if they really need this maybe we have to be a little bit safe" and by the time it 
goes through everybody, it's probably twice the size it needs to be rated at.   

Over-sizing is often driven by end-users’ uncertainty about process requirements.  End-users 
are not able to predict the capacity requirements, changes in manufacturing needs, or even 
properties of the fluids being pumped over a period of several years.  Industrial processes are 
constantly changing due to changes in product specifications, environmental regulations, 
technological advances and other competitive pressures.  For this reason, systems tend to be 
built to handle a multitude of potential changes.  They are often oversized or operating at the 
wrong point in the pump curve even at the initial start up phase. 

Often, end-users are not aware of energy efficiency options for smaller systems and do not even 
consider spending time and money to understand them.  It is easier and less risky to replace 
one for one or mimic earlier efforts than it is to invest in the engineering and training necessary 
to optimize a process or improve a particular pump’s effectiveness. 

When asked about obstacles to efficiency on the supply side, most respondents stated that they 
did not believe there were any, that is, that if customers wanted more efficient systems the 
supply side would be happy and able to provide them.  However, several manufacturers and 
pump designers stated that even when they thought it was in the customer’s best interest, they 
were reluctant to push efficiency if the customer seemed predisposed against it.  As noted 
previously, some respondents and observers also emphasized that general contractors on large 
fixed price projects put strong pressure on designers to minimize costs (which virtually 
precludes efficient system design that usually involve additional time for proper sizing and 
configuration of system components and distribution systems).   

With respect to retrofit of existing systems, a related problem is that suppliers cannot afford to 
perform the engineering analysis at a customer site necessary to marshal a convincing argument 
of the benefits and cost-effectiveness of efficiency-related improvements before a customer has 
made a commitment. 

5.4.3 Suppliers’ Program Suggestions 

Several designers suggested that incentives/rebates were necessary to increase customer 
demand.  In addition, several interviewees noted that efforts are needed to overcome 
customers’ overriding concerns about minimizing first cost, for example, through education 
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about life-cycle cost, both in terms of energy and reliability.  A few designers also that felt end-
user demand for efficiency could be effectively increased through interventions such as 
government standards and voluntary benchmark rating systems like ENERGY STAR. 

Some interviewees indicated that education efforts are also needed with suppliers to increase 
their knowledge of efficiency systems and optimization opportunities and to help them 
improve their ability to sell such systems (both through the right sales pitches and by reaching 
those decision-makers within end-user organizations that are most receptive to life-cycle cost 
arguments).  One manufacturer suggested that the best way to do this is to go around the 
general contractor and sell directly to the customer using better education, case studies, and 
demonstrations.  Several respondents believed that educational efforts should make clear the 
non-energy benefits of properly sized and efficient systems, such as increased reliability and 
improved operations and maintenance. 

Most of the pump designers interviewed reporting have contact with or direct participation in 
Focus programs.  Manufacturers reported being familiar with Focus programs; however, none 
of the respondents had direct knowledge of their companies’ participation. 

5.5 INDUSTRIAL PUMP-RELATED SUGGESTIONS AND CONSIDERATIONS 

Implications and recommendations drawn by the authors from this research are summarized 
below and organized by market characteristic: 

• Education efforts are needed that focus on proper sizing and matching of pumps to 
load requirements.  In general, suppliers seem to be aware of the over-sizing problem 
but do not believe they have adequate leverage with customers to convince them to size 
more appropriately.  Helping suppliers to make this case using well-documented 
evidence of the benefits of proper sizing could be beneficial. 

• Education and other interventions may need to be customized to the unique process 
requirements of specific industries.  Process pumping is clearly the largest segment of 
pumping load and processes tend to have unique needs and requirements.  Designers 
and manufacturers realize this and focus their marketing accordingly.  Establishing and 
maintaining credibility within industry-specific process niches is necessary to influence 
changes in design practices. 

• Customer-specific design assistance, with information and incentives for both the 
facility owner and design team upon installation of an optimized system, appears to be 
appropriate for the pumping system market.  More assistance, including financial, is 
often needed for the incremental design engineering and project implementation 
management and support than for the equipment and installation costs.   

• Contributing to the pool of technical pump system knowledge for key industries and 
processes in Wisconsin provides value to suppliers.  Suppliers point to the need to stay 
informed about specific industry technologies in order to remain competitive.  They also 
emphasized the value of case studies and testimonial information.   

• New Construction projects, though they account for only about one-quarter of pump 
designers sales and about 30% of manufacturers pump sales, represent the best 
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opportunities to optimize pump systems for energy efficiency.  Design related changes 
are often the most cost-effective.  Educating owners and contractors on the value of 
assessing life-cycle costs and requesting or requiring optimized pumping systems when 
procuring major new construction or renovation projects could help to reduce the 
orientation of industrial design-build contractors toward minimizing first costs and 
design costs.  The efficiency of the pump system often gets lost within the production 
maximizing/cost-minimizing framework of large industrial plant procurement.   

• Emergency replacement rarely results in changing the efficiency of equipment, even 
though pump failures may be an indicator that a pump is not operating efficiently.  
Planned replacements are a large market opportunity; however, we found anecdotal 
evidence that pumps are sometimes replaced with salvaged or reused equipment, 
particularly for the aggregate (sand and gravel) industries.  Encouraging consideration 
of proper sizing and efficiency during emergency or planned replacements of single 
pumps should focus on high horsepower units. 

• Assisting pump suppliers and design engineers in reaching and selling to decision-
makers within end-user organizations that are most receptive to life-cycle cost analysis 
may also be helpful.  Suppliers and design engineers often deal primarily with plant 
personnel or procurement departments that tend to look only at first cost and look very 
conservatively on any proposed changes to business-as-usual designs or sizing factors.  
In contrast, high level managers and those responsible for cost analysis and product 
pricing are much more receptive to changes that reduce cost.  Industrial customers often 
have complex, multi-layered decision making structures that have competing and 
internally inconsistent objectives. 

• Leveraging emerging national efforts to improve pump system efficiency is likely to 
be worthwhile.  The Hydraulic Institute, Europump and the US Department of Energy's 
Office of Industrial Technologies (OIT) have teamed up to develop life-cycle cost 
training materials and pump optimization case studies.  In addition, case studies are 
developed by several efficiency implementation organizations throughout the US.    

Areas for further research 

• Several suppliers mentioned the connection between proper pump size selection and 
pump reliability; however, there did not seem to be much empirical data to back this up.  
In addition, a number of assessments of industrial energy efficiency potential indicate 
that the incremental costs of pump system improvements are low because of associated 
non-energy benefits.  Encouraging the establishment and documenting non-energy 
benefits, in collaboration with other organizations, might make significant inroads to 
improving customer demand for efficiency pump systems. 
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