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EXECUTIVE SUMMARY 
Maintenance costs are often not fully understood.  They are looked at as an overhead cost that needs to be 
reduced.  The consequence of this is reduction is thought to only be reduced cost.  As a result, if the 
operations and maintenance (O&M) budget can be reduced, the overhead is reduced and the profit 
margins are increased.  In reality, as Smith states, O&M is “an investment, an essential expense that 
ensures the long-term reliability and availability of operating equipment and the associated infrastructure” 
(Smith Jr. 1995).  The current typical practice for equipment maintenance in commercial building is to 
perform equipment maintenance as outlined in service manuals and repair or replace failed equipment as 
needed.  Maintenance personnel have excelled at making these reactive repairs to fix failed equipment; 
however, they often fail to determine the causes of the failure.  Instead of this reactive nature, 
maintenance personnel need to be proactive and plan ahead to be more effective.  Less time will be 
needed to repair equipment if maintenance personnel manage the equipment through a maintenance 
program and plan their work in advance.  Planned maintenance costs three to five times less than 
unplanned maintenance when considering labor and materials (Burns 1992).  Additionally, upon 
completion of a maintenance task, the task should be documented as well as the cause of the maintenance 
task.  Through this documentation and tracking, the root cause of the failure will be identified and 
planned maintenance can be improved.  A lack of forward thinking and planning ahead that is typically 
associated with a reactive maintenance program can lead to increased equipment failure, maintenance and 
energy costs, as well as decreased equipment life.  Additionally, by considering a specific piece of 
equipment independently, instead of as a whole system, may cause supplementary opportunities to save 
energy and costs to be overlooked.  Equipment is often interrelated, operating as a system of components, 
and should be maintained as such.   

When a scheduled maintenance (SM) program is properly implemented, the aforementioned issues 
associated with reactive maintenance are addressed.  A scheduled maintenance program is able to identify 
equipment degradation or failure as it begins.  Furthermore, building systems are kept in optimal 
operating conditions when a SM program is followed.  SM programs increase building performance while 
providing indoor air quality and occupant comfort.  The increased building performance is evident in the 
reduction of equipment failure and downtime as well as a reduction in energy use and energy costs.  
Implementation of an effective SM program can reduce energy bills by five to twenty percent in 
commercial buildings. 

There are barriers that prevent the wide-spread implementation of SM programs, despite the clear 
advantages that they offer to building owners and managers over traditional maintenance programs.  SM 
programs remain a best practice in the industry, but the extent to which building owners, operators and 
contractors are using SM programs is not definitively known.  The main reason for not implementing a 
SM program seems to be a lack of knowledge of the benefits and how to implement SM programs in 
addition to no clear way to identify the resulting cost savings generated by a SM program.  More than 55 
percent of companies use a reactive maintenance approach, fixing equipment when it breaks, while less 
than a third have a scheduled maintenance approach implemented (Sullivan et al. 2004).  By identifying 
the barriers and making the economic case for SM programs, substantial operational savings can be 
achieved. 

The literature survey and the unstructured, open-ended interviews that were completed as part of this 
work focus on the current knowledge base in the area of SM programs.  Several different types of 
proactive maintenance programs were identified, along with guidelines for specific pieces of equipment 
and whole systems.  Of the 182 articles found in the literature survey, many were guidelines explaining 
how to implement a scheduled maintenance program for pieces of equipment and the potential benefits 
from doing so.  The findings from the survey were then sorted in to four categories: definitions, basics, 
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benefits, and bottom-line/business.  The articles were categorized by equipment application, type of 
information (energy savings, cost savings, benefits, in-use statistics, and guidelines), and how to market 
SM programs.   

With the organization of the resulting articles from the literature survey, areas where there was limited 
information were identified in addition to barriers to the implementation of SM programs.  There is an 
abundance of articles with guidelines for implementing a complete system-wide SM program to best 
maintenance practices for specific pieces of equipment.  There is limited information on the maintenance 
costs for each type of maintenance program, cost savings and energy savings associated with them.  The 
information is often focused on a single type of equipment, which is impractical.  Areas where limited 
information was obtainable were supplemented with unstructured, open ended interviews of industry 
experts. 

Industry experts were selected from a cross section of the HVAC industry.  These experts included 
building owners and operators, HVAC contractors, article authors from the literature survey and experts 
from national professional organizations.  These industry experts were contacted to provide anecdotal and 
quantifiable data regarding operations and maintenance.  Additionally, the benefits of a SM program 
including the energy savings and the reason why SM programs are not implemented were addressed in 
these interviews. 
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1. PROJECT OBJECTIVE  
The goals of this project are:  

 Understand the current status of operations and maintenance (O&M)                           
as it pertains to the Heating, Ventilating and Air Conditioning (HVAC) and building 
management  industries.   

 Understand the characteristics of the various HVAC maintenance program methods as well as 
the benefits and drawbacks of each.  Additionally, obtain an understanding of the prevalence 
of each method of maintenance. 

 Identify the knowledge gaps of the industry.  Determine the knowledge gaps in the industry 
as evident from a lack of representative research in the literature as well as a lack of 
knowledge from recognized industry experts. 

 Identify the benefits of a proper scheduled maintenance program.  Determine the benefits 
including energy savings (energy efficiency), reliability and other financial benefits of a 
proper scheduled maintenance program. 

 Determine the reasons why scheduled maintenance is not implemented.  Understand the 
justification given for ignoring the benefits of a proper scheduled maintenance program. 

 Develop a business case for the implementation of scheduled maintenance.  Determine if it is 
possible to overcome the low implementation rate of scheduled maintenance by making a 
business case contesting the reasons why scheduled maintenance are ignored. 

 Dissemination of the knowledge obtained from the research through seminars and webcasts.  
Market seminars and webcasts to building owners and managers, HVAC contractors and 
apprentices and journeymen entering or working in the HVAC industry or pertinent 
supporting industries.   
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 2. BACKGROUND 
Standard equipment maintenance practice for commercial building operators, owners and service 
contractors is to perform equipment maintenance as outlined in service manuals and repair or replace 
failed equipment as needed.  This philosophy is reactive in nature.  As defined by these reactive standard 
practices, maintenance programs do not ensure that building equipment continually operates at an optimal 
level.  In addition, standard maintenance practices are centered on equipment operation and do not usually 
address pertinent energy conservation opportunities related to system operations. 

A predictive maintenance program offers the most savings, but at an increased cost.  Preventive or 
scheduled maintenance (SM) programs, however, offer significant savings while costing less than the 
predictive maintenance programs.  The goal of Task 10 is to get facilities away from the reactive 
approach to maintenance, and by presenting them with scheduled maintenance as a lower cost (than 
predictive) alternative that can provide energy, productivity, and labor savings, the case can be made to 
further market penetration of this maintenance program.  Scheduled maintenance programs are intended 
to address energy conservation opportunities and increase equipment longevity by setting up a process 
that predicts equipment degradation or failure before it happens.  Furthermore, the process helps to 
identify maintenance tasks that can prevent equipment degradation or failure.  As a direct result of 
completing tasks outlined by the SM process, building equipment within the entire building is kept in 
optimal operating condition.   

By continuously keeping equipment in optimally operating condition, SM programs offer significant 
advantages over traditional maintenance programs.  SM programs increase building performance in 
occupant comfort, productivity and reduce equipment failure downtime and costs.  In addition, SM 
programs help improve energy efficiency.  In spite of this, reactive maintenance is in use by over half of 
all facilities.  It was determined that the reasons for not implementing SM programs are primarily 
centered on a lack of knowledge of the benefits of proper SM programs.  In addition, there is a lack of 
commitment by building owners and operators to provide the financial and staffing resources necessary to 
implement a SM program. 

Implementation of an effective SM program can reduce energy bills by five to twenty percent in 
commercial buildings (Portland Energy Conservation, Inc. 1999c).  Given that over $81 billion was spent 
on providing energy for commercial buildings in 19991, widespread implementation of SM programs has 
the potential to create significant energy cost savings for commercial building operators. 

                                                      
1 Energy Information Agency.  1999.  Commercial Buildings Energy Consumption Survey.  Published by the U.S. 
Department of Energy, Washington, D.C. 
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3. METHODOLGY 
3.1 LITERATURE REVIEW 

3.1.1 Approach 
A literature search was conducted to find instances and programs of practical scheduled maintenance that 
are currently in use, as well as those that are commencing and concluding.  The search identified 182 
relevant articles which were sorted into four categories: definitions, basics, benefits, and bottom-
line/business.  In the first category are articles which define the terms often associated with operations 
and maintenance (O&M).  This provides an understanding of the various approaches and subtleties that 
exist between the different types of maintenance. The next category contains guidelines for O&M 
practices.  This category is further broken down by typical equipment types found in commercial 
buildings.  The third group lists articles associated with the benefits of proper O&M practices, particularly 
SM.  The last category cites information sources that make a business case for adopting SM programs as 
part of O&M practices. This group also includes references that address how to sell SM programs. 

The articles were also categorized as to the content and information.  The goal was to identify areas where 
there was a lack of published information that may provide some insight into reasons why scheduled 
maintenance programs are not adopted in more facilities.  The pertinent content categories for the articles 
were: energy savings, other cost savings, scheduled maintenance benefits, use/implementation statistics, 
and scheduled maintenance guidelines.  These categories were selected due to the impact that each has on 
the barriers to adoption of scheduled maintenance programs.  

The relevant articles are from a variety of sources, including utilities, for-profit and not-for profit 
organizations, government laboratories and industry magazines.  They represent a cross-section of 
information currently available to facility managers for operating and maintaining their facilities.  The 
articles range from information on specific components of equipment to overall building operation.  An 
annotated bibliography of the articles surveyed is located in Appendix A. 

 

3.1.2  Literature Survey Categories 
The literature findings in each of the four previously mentioned categories; definitions, basics, benefits, 
and bottom-line/business were further subcategorized.  Some of the articles fell into more than one 
category; therefore the total number of articles is less than the sum of the categories. The summary of 
these articles by major category and sub-category is presented in Table 1. 
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Table 1. Summary of Articles by Category and Sub-Category 
Category Number of Articles Sub-Category Number of Articles 

Overview 6 

Reactive Maintenance 2 

Preventive/Scheduled Maintenance 14 

Predictive Maintenance 9 

Reliability-Centered Maintenance 6 

Continuous Commissioning™ 2 

Definitions 42 

Proactive Maintenance 3 

Overview 9 

Rooftop Units and Components 39 

Chillers and Components 21 

Cooling Towers and Components 5 

Fans and Components 4 

Basics 82 

Boilers 4 

Energy 6 

Equipment Life 6 

Indoor Environment and Comfort 2 

Benefits 36 

Economic 22 

Identifying a Client and Needs 11 

Evaluating Existing Program 4 

Bottom-line/Business 22 

Identifying O&M Improvements 7 

 

 

Table 2 presents the summary of articles by content category. 

 
Table 2. Summary of Articles by Content Category 
Category # of Articles 

Energy Savings 29 

Cost Savings 37 

Scheduled Maintenance Benefits 88 

Use/Implementation Statistics 14 

Scheduled Maintenance Guidelines 114 
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The energy cost savings results were surprising, in that this category did not have a lot of equipment 
specific data.  There were articles that had predicted savings, based on assumptions of implementation.  
The cost savings category relates to savings seen by the facility other than energy savings.  This includes 
reduced downtime, reduced overtime costs, etc.  The articles here are mainly from case studies that were 
found during the literature search.  Case studies can be a powerful way of presenting data relevant to 
similar facilities.  Scheduled maintenance benefits were those benefits achieved through O&M programs 
that are more difficult to quantify in terms of cost savings. Often these benefits were longer equipment 
life, increased heat transfer, etc.  The use/implementation category was selected to try and determine to 
what extent these good O&M practices had permeated into the marketplace.  Often the data presented in 
an article cited the number of units of a given piece of equipment in use or an estimation of the impact 
that the particular O&M practice could have on the U.S. market.  The guideline category is just that; 
many of the articles listed guidelines or best practices for pieces of equipment or components of 
equipment.   

 

3.1.3 Literature Bibliography  
3.1.3.1 Definitions 

3.1.3.1.1 Overview 
Bos, M. H. 1994. Back-to-Basics Maintenance: Combining the Old with the New. AIPE Facilities 
(January/February):22-25. 

Jarrell, D. 1997. Completing the Last Step in O&M Cost Reduction. Pacific Northwest National 
Laboratory. Available online: http://www.pnnl.gov. Downloaded on May 1, 2005. 

Koret, R. and D. Rhyne. 1990. Adopting Expert Systems for Plant Maintenance. AIPE Facilities 
(March/April):28-32. 

McKew, H. J. 1996. A Maintenance Improvement Plan. AFE Facilities Engineering (July/August):31-33. 

Smith Jr. B. D. 1995. Benchmarking and Maintenance Management Systems. AIPE Facilities 
(September/October):75-78. 

Sullivan G., R. Pugh, A. P. Melendez and W. D. Hunt. 2004. Operations & Maintenance Best Practices: 
A Guide to Achieving Operational Efficiency Release 2.0. U.S. Department of Energy. Available online: 
http://www.eere.energy.gov/femp/pdfs/omguide_complete.pdf. Downloaded on May 1, 2005. 

3.1.3.1.2 Reactive Maintenance 
Mendelbaum, G. B. 1994. The Growing Cost of Deferred Maintenance. AIPE Facilities 
(September/October):22-26. 

U.S. Department of Energy. 2005c. Reactive Maintenance. FEMP Operations and Maintenance. 
Available online: http://www.eere.energy.gov/femp. Downloaded on May 1, 2005. 

3.1.3.2.3 Preventive/Scheduled Maintenance 
Brewster, J. D. 1995. Simplifying the Myths about Contract Maintenance. AIPE Facilities 
(March/April):43-48. 

Building Owners and Managers Association. 1996. How to Design and Manage Your Preventive 
Maintenance Program. Available online: http://www.boma.org. Downloaded on May 1, 2005. 
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Building Owners and Managers Association. 2003. Preventive Maintenance and Building Operation 
Efficiency. Available online: http://www.boma.org. Downloaded on May 1, 2005. 

Burns, B. M. 1993. Total Planned Quality Maintenance. AIPE Facilities (July/August):22-24. 

CMMS Roundtable. 1992. Maintenance Management. AIPE Facilities (July/August):27-33. 

Feit, E. 1991. Preventive Maintenance Programs that Work. AIPE Facilities (March/April):20-22. 

Ginder, A. P. and C. J. Robinson. 1994a. The Seven Steps of Autonomous Maintenance: Part 1. AIPE 
Facilities (May/June):19-21. 

Ginder, A. P. and C. J. Robinson. 1994b. The Seven Steps of Autonomous Maintenance: Part 2. AIPE 
Facilities (July/August):43-46. 

IDCON, Inc. 2005. Optimize Your Preventive Maintenance. Available online: 
http://www.idcon.com/article-optimize.htm. Downloaded on May 1, 2005. 

Oppenheimer, S. 1996. An Ounce of Prevention—Designing and Managing a Preventive Maintenance 
Program. Building Owners and Managers Association. February. Available online: 
http://www.bomacanada.org/ProductsAndResearch/PropertyManagement/AnOunceofPreventionDesignin
gandManagingaPreventiveMaintenanceProgram.htm. Downloaded on May 1, 2005. 

Palarchio, G. 2001. Why PM Programs Do Not Significantly Reduce Reactive Maintenance. Maintenance 
Technology (June). 

Peters, R. W. 1996. Bar Coding Strategies to Support Maintenance. AIPE Facilities (September 
/October):49-53. 

U.S. Department of Energy. 2005b. Preventive Maintenance. FEMP Operations and Maintenance. 
Available online: http://www.eere.energy.gov/femp. Downloaded on May 1, 2005. 

Worsham, W. C. 2005. Is Preventive Maintenance Necessary? Maintenance World. Available online: 
http://www.maintenanceworld.com/Articles/worshamw/ispreventive.html. Downloaded on May 1, 2005. 

3.1.3.1.4 Predictive Maintenance 
AFE Facilities Engineering. 1996. Guide to Predictive Maintenance. Product/Service Review 
(September/October). 

AIPE Facilities. 1992b. Guide to Predictive Maintenance Products/Services. Product/Service Review 
(November/December):43-48. 

Brown, M. 2003a. Applying the Predictive Approach. New Standard Institute, Inc.  

Charles, H. and D. Bilger. 1994. Saturn’s Commitment to World Class Maintenance. AIPE Facilities 
(September/October):17-19. 

Hamilton, D. W. 1996. Selection and Implementation of a CMMS. AFE Facilities Engineering 
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3.2 INTERVIEWS OF INDUSTRY EXPERTS 
The Energy Resources Center (ERC) compiled a list of Industry Experts, selected from local and national 
trade schools and vocational schools that have programs in HVAC maintenance and experts identified 
from the results of the literature search.  The survey questions developed by the ERC were aimed at 
gathering further information on the integration and adoption of SM programs in facilities that is not 
readily available in the surveyed journal articles and literature search report. The ERC asked each 
interview subject roughly five questions in an unstructured, open-ended format.  From previous 
experience with interviewing experts in a particular field, it was important to have a series of direct 
questions whose goal it was to gather specific information, as well as some more open-ended questions 
that allow the industry expert to express his or her view from their experience.  The result of the 
unstructured, open-ended format is the ability to collect an increased amount of data while not limiting 
the interviewees’ responses.  The questions were tailored to the subject’s field of work so that many 
different perspectives and perceptions of scheduled maintenance could be gained.  Energy savings and 
financial benefits from a proper SM program have been determined from these unstructured, open-ended 
interviews as well as through the literature review. 

Forty-five interviews were completed.   These interview subjects represent a cross section of backgrounds 
from the research community, such as article authors and researchers, energy consultants, performance 
contractors, and from industry, including HVAC service technicians and building owners. 
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4. RESULTS 
4.1. WHAT IS OPERATIONS AND MAINTENANCE? 

4.1.1  Introduction 
The goal of this Task is to increase the use of scheduled maintenance (SM).  To achieve this the 
differences between operations and maintenance (O&M) programs, the basics of a variety of equipment 
systems and tools, the benefits of a SM program compared to a reactive maintenance (RM) program and 
how to make the business case for SM will be presented.  The benefits of SM, both economic and non-
economic ones, will be discussed.  Furthermore, the reason why facilities do not operate a SM program 
will be analyzed. 

With commercial buildings spending $55 billion annually on energy to operate heating, ventilating and air 
conditioning (HVAC) systems, any improvement in efficiency will result in the potential to create 
significant energy cost savings for commercial building owners and operators.  A savings of 15-20% can 
be realized through the implementation of a proper scheduled maintenance program.  This savings has the 
potential to in $8-11 billion annually.  In addition to energy conservation, scheduled maintenance will 
increase equipment life, indoor air quality (IAQ) and productivity.  In spite of the advantages of a 
scheduled maintenance program, more than 55% of facilities use a reactive maintenance program 
(Sullivan et al. 2004).  This is the result of limited knowledge of the benefits of a scheduled maintenance 
program.  This report will present the knowledge base of O&M practices, enhancing existing O&M Best 
Practices materials.  According to Portland Energy Conservation, Inc. O&M Best Practices are “O&M 
activities, methods and approaches that contribute to, or are directly responsible for, producing energy 
savings while maintaining or enhancing indoor environmental quality and equipment reliability (Portland 
Energy Conservation Inc. 1999a). 

 

4.1.2  Definitions 
Operations and maintenance according to Sullivan (2004) are “the decisions and actions regarding the 
control and upkeep of property and equipment (Sullivan et al. 2004).  There are numerous methods 
regarding the approach of maintenance programs.  The various styles of maintenance programs are 
addressed below.  

 

4.1.2.1  Reactive Maintenance 
Reactive maintenance (RM) is usually defined as running equipment until it fails, with no planned 
maintenance involved.  The old cliché, “if it ain’t broke don’t fix it” is often associated with a reactive 
nature.  With reactive maintenance, there are no actions or efforts taken to monitor or maintain the 
equipment.  As a result, the equipment performs less efficiently and has a decreased expected life 
expectancy.  Reactive maintenance compared to other alternative O&M programs as shown by the 
following pros and cons of RM:  
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Pros Cons 

 Low to no maintenance cost while equipment is 
running 

 No staff required to monitor or maintain the program   
 

 Frequent failures lead to increased equipment 
replacement costs and increased lifecycle costs and 
decreased expected equipment life 

 Associated costs due to increased downtime caused 
by equipment failure 

 Increased inventory of repair parts required 
 Increased labor costs and overtime 
 Dependent equipment can be affected by the 

equipment failure 
 Increased downtime correlates to reduced production 

operation 

 

 

Performance

Time to Failure

Cavitation Starts

Noticeable Performance Degradation

6 months

If it ain’t broke, don’t fix it ... Fix it!!!

Failure!

!

 
Figure 1. Example of a Reactive Maintenance Timeline2 

 

Figure 1 shows the time line of a new pump that operates in a reactive maintenance O&M program.  The 
pump quickly begins operating with noticeable performance degradation.  This degradation results in 
decreased efficiency, decreased capacity and ultimately decreased pump life.  In this example, the pump’s 
equipment life is limited to six months. 

                                                      
2 Derived from (Jarrell 1997) 
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Reactive maintenance overall is the most expensive O&M program due to the increased cost of 
equipment and maintenance repair time.  Reactive maintenance, however, is the most common form of 
maintenance (Jarrell 1997). 

 

4.1.2.2  Preventive Maintenance 
Having some form of program in place involving regularly scheduled maintenance, is described as 
preventive maintenance (PM).  This maintenance type can also be described as scheduled maintenance 
(SM), as described later.  This type of maintenance program has specific maintenance actions performed 
on a time-based or machine-run-time-based schedule.  Worsham (2005) claims that preventive 
maintenance includes painting, lubrication, cleaning, adjusting, and minor component replacement.  
Furthermore, he asserts that PM programs consist of non-destructive testing, periodic inspection, 
preplanned maintenance activities, and maintenance to correct deficiencies found though testing of 
inspections (Worsham 2005).  PM programs are set up to detect or lessen degradation of specific 
components or systems.  The pros and cons of preventive maintenance are as follows: 

 

Pros Cons 

 Increased equipment performance and indoor air 
quality 

 Increased equipment life 
 Decreased lifecycle costs 
 Increased efficiency resulting in energy and cost 

savings 
 Increased equipment reliability 
 Increased ability to schedule expected maintenance 

enabling proper resource and personnel allocation 

 Potential for failure still exists 
 Maintenance occurs whether the equipment needs it 

or not 
 Labor intensive 
 Increased potential for self-induced failure 
 Redundancy of maintenance tasks 

 

Sullivan (2004) reports that an estimated 12-18 percent cost savings can be achieved over a reactive 
maintenance program.  The scheduling and execution of a PM program is integral to the success of the 
program (Sullivan et al. 2004).  Scheduling needs to become automated and follow-up is necessary to 
ensure that the work is completed as scheduled.  The scheduling of preventive maintenance is often 
inefficient.  Equipment is often shut down for routine maintenance instead of conducting an “on-the-run” 
inspection.  Furthermore, as much as 50-70% of work done is either unnecessary or duplicated.  This 
redundancy of work and additional downtime is due to facilities having separate PM programs set up for 
mechanical, electrical, instrumentation, and lubrication inspections.  Instead, PM should be arranged by 
equipment and frequency.  Inspection can be performed while the equipment is running most of the time, 
resulting in additional inefficiencies being reduced (IDCON 2005).  Most PM programs cover 80% of the 
equipment including the critical and maintenance intensive pieces of equipment.  The equipment that is 
not covered includes non-critical equipment that will not have severe ramifications if it does fail (Kacher 
and Ouvreloeil 2002). 

Figure 2 shows the time line of a new pump that operates in a preventive maintenance O&M program.  
The pump begins operating with noticeable performance degradation less quickly than in the reactive 
maintenance O&M program.  This degradation is slowed due to the periodic maintenance performed at 
specific intervals.  In this example, the pump’s equipment life is extended from six months under RM to 
twenty-four months (Jarrell 1997). 
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Performance

Time to Failure

Noticeable Performance Degradation

24 months

Preventive Maintenance Zone

PM IntervalPM Interval

Failure!

 
Figure 2. Example of a Preventive Time Line3 

 

Figure 3 displays the balance between maintenance costs and equipment failure.  If too little preventive 
maintenance is performed, the cost of equipment failure will decrease the effectiveness of the PM 
program.  If too much preventive maintenance is performed, the labor cost of the maintenance will 
decrease the effectiveness of the PM program.  Therefore, a careful balance should be maintained to 
optimize the PM program. 

                                                      
3 Derived from (Jarrell 1997) 
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Percentage of PM Work Performed
0 100

 

PM CostFailure, Loss PM CostFailure, LossCosts 

 
Figure 3. PM Program Costs4 

 

To determine the “Percentage of PM Work Performed” in Figure 3, or the overall PM rating, the 
following equation from Kacher and Ouvreloeil (2002) should be used: 

 

“Overall PM Rating = A x B x C x D 

where: 

A = Percentage of equipment with a well-defined PM program 

B = Percentage of PM’s that have the right tasks and frequencies 

C = Percentage of PM’s completed on time 

D = Percentage of completed PM’s considered to be executed properly” 

 

Therefore, if a facility has 90% for each of the four components, an overall PM rating for the facility 
would be roughly 66%.  Similarly, 80% for each component results in an overall PM rating of 41% 
(Kacher and Ouvreloeil 2002). 

 

4.1.2.3  Predictive Maintenance 
Predictive maintenance (PdM) programs incorporate some type of measurement and/or monitoring of 
equipment in order to observe or predict equipment failure as well as the beginning of equipment 
degradation.  Tools that are used in this type of maintenance include vibration analysis, thermography and 
fluid analysis, among others.  These measurements are able to detect the onset of problems or degradation 
of the equipment or a particular mechanism within the equipment before partial or total failure occurs.  

                                                      
4 Derived from (Kacher and Ouvreloeil 2002) 
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Furthermore, trends and correlations can be established to determine patterns.  Predictive maintenance 
bases maintenance requirements on the actual state of the equipment, rather than a preset schedule.   

 

Pros Cons 

 Increased equipment performance and indoor air 
quality 

 Increased equipment life 
 Decreased lifecycle costs 
 Increased efficiency resulting in energy and cost 

savings 
 Increased equipment reliability 
 Increased schedulability of expected maintenance 

enabling proper resource and personnel allocation 

 Potential for failure still exists 
 Initial cost of tools and monitoring equipment and 

associated training 
 Initial startup costs are often greater than $50,000 
 Labor intensive 

 

Through monitoring, preemptive measures can be taken to prevent equipment failure, increasing the 
environmental safety as well.  Sullivan (2004) estimated that 8% to 12% cost savings can be achieved 
with a predictive maintenance over a scheduled maintenance program.  Moreover, downtime can be 
decreased by 35-45% and breakdowns can be reduced by 70-75% (Sullivan et al. 2004). 

Feit (1991) reports on a case study of predictive maintenance in a plastic extrusion plant.  Predictive 
maintenance at the plant has improved production quality as well as quantity by keeping machines from 
failure.  Their PdM program allows for coordination of maintenance and production personnel so repairs 
can be made before there is a failure.  Feit quotes the maintenance foreman of the plant as saying, “I can’t 
see how a business can operate, budget or even plan its manpower needs without some method of 
predicting what will be needed.  I understand there are still some places that don’t rely on predictive 
maintenance.”  There was a significant investment into beginning the predictive maintenance program 
including 27 in-house training classes and 32 different off-site courses during its inaugural year.  The 
results, however, have been evident.  The run efficiency of the plant has increased from 85% to 99% over 
the 15 years of the program.  This has allowed the capacity to double without a significant capital 
investment.  Furthermore, the vibration analysis program has increased productivity while decreasing the 
frequency of unscheduled repairs from 33% to between 3 and 4% (Feit 1991).  

Figure 4 shows the time line of a new pump that operates in a predictive maintenance O&M program.  
The pump begins operating with noticeable performance degradation less quickly than in the reactive 
maintenance or preventive maintenance O&M program.  This degradation is slowed due to the measuring 
and detection of degradation and subsequent maintenance.  The measurements conducted during a 
predictive maintenance program are directed to determine the onset of degradation, understand it and 
eliminate it.  In this example, the pump’s equipment life is extended from twenty-four months under 
preventive maintenance to forty-eight months under predictive maintenance. 
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Performance

Time to Failure

Noticeable Performance Degradation

48 months

Preventive Maintenance Zone

Predictive Maintenance Zone

Failure!

 
Figure 4.  Example of a Predictive Time Line5 

 

Predictive maintenance is the most labor intensive O&M program.  Predictive maintenance requires the 
use of tools and monitoring equipment resulting in increased training.  As a result, predictive maintenance 
is not the right fit for every facility or every piece of equipment.  In many cases, a predictive maintenance 
program exceeds the necessary maintenance to run effectively and produces excessive maintenance costs.  
The savings associated with a predictive maintenance program however are greater than either reactive or 
preventive maintenance.  Predictive maintenance demands the most support to be successful but can 
result in considerable savings (Jarrell 1997). 

 

4.1.2.4  Reliability Centered Maintenance 
Reliability-centered maintenance (RCM) has some similarities to predictive maintenance, but differs in 
that it ranks equipment by its importance within a facility and probability of failure from various 
degradation mechanisms.  RCM programs take into account the financial and personnel resources 
available, with the goal of optimizing the use of each.  This maintenance program is a systematic 
approach that evaluates a facility’s equipment and resources to maximize the cost-effectiveness and 
prioritize equipment reliability-effectiveness.  Since RCM takes into account the financial and personnel 
resources available, it can be the most cost-effective maintenance program due to its ability to decreased 
maintenance tasks that are not necessary. The focus is on critical components, but secondary equipment is 
not ignored.  Reliability-centered maintenance combines reactive maintenance on small, non-critical or 
redundant equipment with preventive maintenance, predictive maintenance and proactive maintenance on 
                                                      
5 Derived from (Jarrell 1997) 
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the more critical equipment.  Reliability-centered maintenance requires regular measurements, reporting, 
and tracking of results.  Cost is one of the biggest disadvantages with RCM, in that it can have a 
significant startup cost with the involved training and equipment (Sullivan et al. 2004). 

 

4.1.2.5  Commissioning 
Commissioning essentially is verifying that equipment 
meets the initial design intent.  This is done by inspecting 
and analyzing equipment and their operating parameters.  
Throughout this process, the facility’s needs are of primary 
concern.  Commissioning results in a 5-30% increase in 
O&M and energy efficiencies while keeping paybacks at 
less than 2 years (Sullivan et al. 2004).  Commissioning is 
something that should occur in new buildings (new 
building commissioning) as well as in existing buildings 
(recommissioning or retro-commissioning).  New 
buildings often are built but never commissioned resulting 
in inefficient operating equipment.  Commissioning, like 
many other O&M programs, results in improved energy 
efficiency, extended equipment life, improved comfort and indoor air quality, and fewer equipment 
breakdowns (Culp et al.). 

Retro-commissioning is an organized and efficient way to determine various measures through which 
operations and maintenance of a building can be improved and optimized through an assessment.  Retro-
commissioning often concentrates on the energy-using equipment and attempts to bring the building back 
to its initial design.  Portland Energy Commissioning, Inc. (PECI) conducted four studies to exhibit the 
potential benefits of retro-commissioning, the low cost of implementation and the resulting enviable 
payback (Haasl et al. 2002). 

Retro-commissioning consists of verifying that a current HVAC system and its components are operating 
as the original design intended.  Furthermore, retro-commissioning includes verification that the current 
equipment is still meeting the needs of the building.  In order to achieve this, inspection must occur to 
ensure that the system is properly installed according to the design, manufacturer’s specs and the 
industry’s standards.  This should include measurements and verification and identification of 
optimization measures that are recommended.  The equipment and building envelope’s age and wear 
should be considered to determine if the efficiency has decreased and if the equipment still meets the need 
of the building.  Proper documentation should be included in a retro-commissioning report (Wolpert 
2002b).  

Retro-commissioning enables verification of system functionality with the goal of optimization of how 
equipment and systems operate and are integrated.  A retro-commissioning assessment is not an 
alternative for repair work and should occur after repair work is completed (Oregon Office of Energy 
2001).  According to PECI, the following objectives are considered as the primary objectives for retro-
commissioning7:  

                                                      
6 (Kozlowski 2004) 

7 (Oregon Office of Energy 2001) 

Commissioning is a five-phase effort6: 
 
1. Clarification of intent 

2. Documentation 

3. Verification 

4. Training O&M personnel after the 
building is complete 

5. Verification of some systems under 
seasonal load 
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 Bring equipment to its proper operational 
state 

 Reduce complaints 
 Reduce energy and demand costs 
 Increase equipment life 
 Improve indoor air quality 
 Increase tenant satisfaction 
 Improve facility operation and maintenance 
 Reduce staff time spent on emergency calls 
  

The term Continuous CommissioningSM9 is often used with building systems as well as ongoing 
monitoring and analysis of performance data of the systems.  This type of maintenance program is an 
ongoing process to ensure that equipment is operating at its peak performance.  Continuous 
CommissioningSM requires a baseline performance measurement to which current operating performance 
can be compared. The Continuous CommissioningSM process is a dynamic one, with the desired 
“baseline” performance criteria reevaluated on a regular basis to ensure that it is achievable under the 
current usage and operation schedules. Continuous CommissioningSM offers the potential for ongoing 
energy cost savings with equipment maintained to operate near peak performance at all times. Continuous 
CommissioningSM allows for an additional 15-45% savings over normally commissioned buildings (Culp 
et al.).  This type of maintenance program requires time and personnel to continually monitor and analyze 
data and maintain equipment. 

Value commissioning is commissioning that focuses standard or typical recommendations that the biggest 
return on investment (ROI).  Value commissioning results in decreased time required to identify these 
recommendations and reduces the program cost.  Value commissioning allows for a reduction in cost 
while maximizing savings.  This results in a short payback period with a large ROI for the entire program 
as well as for the individual items being implemented (Sullivan et al. 2004).  

The success of commissioning activities depends on how effectively the benefits of commissioning 
persist over time.  Persistence of commissioning benefits also increases the cost-effectiveness of 
commissioning.  The most common reasons that these benefits fail to persist include limited operator 
support and operator turnover, poor communication of information, and a lack of adoption of systems to 
track performance.  As a result, operator training and system documentation are important to increase the 
persistence of the benefits of commissioning (Selkowitz 2003). 

 

4.1.2.6  Scheduled Maintenance 
Scheduled maintenance (SM) is similar, and often used interchangeably with, preventive maintenance. It 
is the periodic prescribed maintenance of equipment that is done on a calendar or hours of operation basis.  
When scheduled maintenance is distinguished as differing from preventive maintenance it takes into 
account that in SM personnel are assigned to the particular SM task in advance. 

Scheduled maintenance programs are intended to address maintenance issues by setting up a process that 
predicts equipment wear and failure before it happens.  Furthermore, the process helps to identify 
                                                      
8 Portland Energy Conservation Inc. 1999c) 
9 U.S. Department of Energy, Federal Energy Management Program, Continuous Commissioning Guidebook.  Available at 
http://www.eere.energy.gov/femp/operations_maintenance/commissioning_guidebook.cfm 

Retrocommissioning should include the 
following steps8: 

1. Planning 

2. Investigating 

3. Implementation 

4. Project Handoff 
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maintenance tasks that can prevent equipment wear and/or failure.  As a direct result of completing tasks 
outlined by a SM process, building equipment within the entire building is kept in optimal operating 
condition.  By continuously keeping equipment in optimally operating condition, SM programs offer 
significant advantages over traditional maintenance programs.  SM programs increase building 
performance in terms of occupant comfort, productivity and reduce equipment failure downtime and 
costs.  An additional benefit of SM programs is increased energy efficiency, thereby reducing energy 
costs.  Sullivan (2004) cites a Portland Energy Conservation Inc. study that states that the implementation 
of an effective SM program can reduce energy bills by five to twenty percent in commercial buildings 
(Sullivan et al. 2004). 
 

4.1.2.7  Proactive Maintenance 
Proactive maintenance is akin to predictive maintenance in that it monitors and measures equipment 
performance to predict degradation in performance. However, proactive maintenance also emphasizes 
root cause analysis which is determining and fixing the cause of the failure and recording it.  Through 
keeping a log of the time and the circumstances surrounding the failure of equipment, corrective actions 
can be taken to ensure that any external causes are minimized, thereby extending the life of equipment. 

Figure 5 shows the time line of a new pump that operates in a proactive maintenance O&M program.  The 
pump begins operating with noticeable performance degradation less quickly than in the alternative O&M 
programs.  This degradation is slowed due to the identification of the root cause of the degradation and 
cause of a decrease in effectiveness.  A proactive maintenance program uses computers and sensors to 
automate the identification of operation parameters that are not optimal or expected, what the cause of the 
degradation is, and how to alleviate the problem.  In this example, the pump’s equipment life is extended 
to 20 years under proactive maintenance. 

Ultimately, the data received through proactive maintenance will be able to use asset management to 
make decisions regarding equipment and maintenance based on known factors of equipment wear and 
degradation.  The savings associated with a proactive maintenance program are estimated to be 5-10% 
above that of a predictive maintenance program.  As a result, a proactive maintenance program is 
estimated to save 25-40% above that of reactive maintenance when analyzing life-cycle costs (Jarrell 
1997). 
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Performance

Time to Failure

Noticeable Performance Degradation

20 years

Preventive Maintenance Zone

Predictive Maintenance Zone

Proactive Maintenance & Operation
Failure!

Increasing Life-Cycle Cost Savings 

 
Figure 5.  Example of a Proactive Time Line10 

 

 

4.1.3  Current Status Of Industry 
One popular current practice for equipment maintenance in commercial building is to perform equipment 
maintenance as outlined in service manuals and then repair or replace failed equipment as needed.  This 
philosophy is reactive in nature.  Using these reactive standard practices, maintenance programs do not 
ensure that building equipment continually operates at an optimal level.  These standard maintenance 
practices also tend to be centered on specific equipment operation, rather than a whole systems approach, 
resulting in potentially sacrificing energy conservation opportunities related to system-wide operations.  
Sullivan (2004) references a study that breaks down the average maintenance program in use in the 
United States (U.S.) by program type as shown in Table 3. 

                                                      
10 Derived from (Jarrell 1997) 
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Table 3. Types of Maintenance Programs and Percent Usage11 

Maintenance Program Percentage of Use in Facilities 

Reactive >55% 

Preventive/Scheduled 31% 

Predictive 12% 

Other 2% 

 

As is shown in Table 3, reactive maintenance is in use by over half of all facilities.  The same study 
presented estimated savings by the type of maintenance program.  A summary of the type of maintenance, 
its predicted savings, and use in top-performing facilities is presented in Table 4.  

 
Table 4. Summary of Maintenance Types, Savings, and Use12 

Maintenance Type Percent Savings Use in Top Performing Facilities 

Reactive --- <10 percent 

Preventive/Scheduled 12-18 (over Reactive) 25-35 percent 

Predictive 8-12 (over Preventive) 45-55 percent 

 

A predictive maintenance program offers the most savings, but at an increased cost.  Preventive or 
scheduled maintenance programs offer significant savings, while costing less than the predictive 
maintenance programs. 

 

4.1.4  Organization Of Report 
A literature survey was completed to find instances and programs of practical scheduled maintenance that 
are currently in use, as well as those that are commencing and concluding.  The findings from the survey 
were then sorted into four categories: definitions, basics, benefits, and bottom-line/business.  Additional 
data was obtained from unstructured, open ended interviews with pertinent market experts. 

This Best Practices report first defines the terms often associated with O&M.  This provides an 
understanding of the various approaches and subtleties that exist between the types of maintenance.  The 
next section is comprised of the guidelines to O&M practices.  This section is further broken down by 
typical equipment types found in commercial buildings as well as the tools that can be used to conduct 
operations and maintenance tasks.  The third section details the benefits of proper O&M practices, 
particularly SM.  The fourth section involves making the business case for adopting SM programs as part 
of O&M practices.  Included in this section are references that address how to sell SM programs.  The 
final section of the report contains checklists and data sheets. 

 
                                                      
11 (Sullivan et al. 2004) 

12 (Sullivan et al. 2004) 
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4.1.4.1  Basics 
The ‘Basics’ section of this report is comprised of the systematic guidelines to O&M practices.  The 
guidelines include those for equipment such as rooftop units, chillers, cooling towers, pumps and fans, 
motors and boilers were all addressed.  Each system discussed will also examine the operations and 
maintenance practices related to the equipment.  These practices include the O&M steps that should 
occur, the frequency at which they should be performed as well as the benefits of performing them.  This 
will enable the reader to have a reference for equipment including maintenance issues and 
recommendations.  This section is meant as both background for building owners and management as 
well as a reference for operations and maintenance personnel.  A good knowledge base of the associated 
equipment is necessary to operate a successful O&M program. 

Moreover, O&M tools such as ultrasonic analysis, vibration analysis, IR thermography, oil analysis, and 
performance trending are examined.  The uses and benefits of the tools will be explored and presented.  
Without the proper knowledge of these tools, their use will prove ineffective in the hands of untrained 
O&M personnel.  In addition to this, the general information included in this section can be used by 
O&M departments to determine what tools and services should be purchased, rented, or contracted out. 

 

4.1.4.2  Benefits 
The ‘Benefits’ section of this report includes sections on energy conservation, equipment longevity, 
employee comfort, and reputation benefits.  The employee comfort section will discuss indoor air quality 
as well as personnel comfort.  The reputation benefits that are included in this section are the EPA Energy 
Star program as well as LEED® certification.  These benefits associated with a proper scheduled 
maintenance O&M program need to be understood to effectively understand the savings and purpose of 
the O&M program.  Without understanding the savings of the O&M program, the costs will not be 
justifiable.  This section will be beneficial in selling a scheduled maintenance O&M program as well as 
understanding its purpose.  Understanding why maintenance personnel are doing particular tasks will aid 
in giving purpose to the tasks as well as provide an understanding of the benefits. 

 

4.1.4.3  Bottom Line 
This section, ‘Bottom Line’, involves making the business case for adopting SM programs as part of 
O&M practices.  The reasons why programs are not implemented will be addressed in this section.  
Included in the ‘Bottom Line’ section is quantifying the economic benefit of O&M improvements, the 
impacts of training and how to sell a scheduled maintenance O&M program to others.  As a part of the 
quantifying of economic benefits, the disadvantages of reactive maintenance will be addressed.  
Additionally, the benefits of decreased energy costs and downtime as well as increased productivity will 
be determined.  This section, like the ‘Benefits’ section, is intended to educate the reader on the benefits 
of a proper scheduled maintenance O&M program.  This section, however, addresses the disadvantages of 
a reactive maintenance program and how to sell the benefits in order to successfully implement a proper 
scheduled maintenance O&M program.  This section is targeted to personnel selling a program to 
management, as well as the management and building owners who decide what O&M practices and 
programs will be implemented. 
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4.2. BASICS: SYSTEMATIC GUIDELINE TO O&M PRACTICES 
In order to have a successful operations and maintenance program, the equipment and tools that will be 
used must be understood.  In this section, each system’s equipment will be examined and the O&M tasks 
associated with the equipment will be addressed.  Furthermore, the benefits and frequency of the tasks 
will be included.  In addition to the background information on the equipment associated with a proper 
O&M program, the tools used to operate a system will be incorporated.  The purpose, costs and benefits 
of each tool will be examined to better educate the reader on their inclusion to an O&M program. 

 

4.2.1  Equipment 
As stated previously, general background information on varying HVAC systems and their associated 
equipment will be provided in this section.  The equipment addressed includes rooftop units, chillers, 
cooling towers, pumps and fans, motors and boilers. 

 

4.2.1.1  Rooftop Units 
Rooftop units (RTUs), like the one shown in Figure 6, 
are the most common source of conditioned air in small 
and medium-sized commercial buildings.  In addition to 
providing heating and air conditioning, RTUs can 
provide ventilation when conditioning is not required.  
Rooftop units are frequently ‘package’ units with little 
variation from one unit to another or from one facility to 
another.  The uniformity of RTUs is facilities to choose 
it as a cheaper HVAC option.  RTUs are often chosen 
due to their ease of installation and integration into the 
existing HVAC system. 

In addition to rooftop units being the leading choice for 
HVAC, RTUs are the largest consumers of energy used 
for conditioning air.  Besides poor system efficiencies 
resulting from components being compacted together, 
poor operations and maintenance practices result in added equipment inefficiencies (Breuker, Rossi, and 
Braun 2000).  Rooftop units are infamous for using excessive energy to achieve the desired conditioning 
of air.  The result is significant electrical and natural gas energy being wasted in the heating, cooling and 
dehumidification process (Architectural Energy Corporation 2003). 

The poor operations and maintenance of rooftop units 
can be the result of a variety of errors that can lead to 
considerable energy waste.  Moreover, the life of a 
rooftop unit is drastically shortened from a lack of 
proper operations and maintenance.  Rooftop units are 
designed to endure a lifetime of 15 years but are only 

                                                      
13 Energy Resources Center - University of Illinois at Chicago 

14 (Breuker, Rossi & Braun 2000) 

Figure 6. Typical Rooftop Unit13 

Rooftop and unitary air conditioning equipment 
consume 1.03 quads, or 62%, of the total 1.66 
quads of energy used for cooling in commercial 
buildings14. 
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lasting six or seven years as a result of not regularly cleaning, inspecting and maintaining (Mazurkiewicz 
2002b). 

When considering maintenance on rooftop units, 
geographic location and environmental conditions should 
be considered.  Other conditions to consider are that of the 
age of the rooftop unit and its hours of operation.  Doing 
this will result in maintenance work that is to be performed 
that is more specific to the equipment resulting in 
maintenance tasks that will make the biggest difference 
(Turpin 2002). 

Inspections of rooftop units are recommended to be 
completed prior to the startup of the heating season as well 
as to the beginning of the cooling season.  This ensures 
efficient operation throughout the peak conditioning 
seasons.  It is also recommended that rooftop equipment be inspected at the end of the peak heating and 
cooling seasons to ensure that efficient operation continues through the shoulder season.  Without an 
inspection at the end of a peak season, problems only detectable at peak load will go undetected and 
operation efficiency will be reduced.  Additionally, when the problem is identified at the beginning of the 
next peak season, the problem will have to be fixed during a time of extreme weather and HVAC demand 
(Prah 2002e). 

The New Building Institute, on behalf of the California Energy Commission (CEC), conducted a Public 
Interest Energy Research (PIER) program that furthered the credence that RTUs frequently have O&M 
errors.  The study showed that of the 215 rooftop units studied at 75 locations, problems abound.  More 
than 60% of the economizers had operational problems.  In addition to the problem of malfunctioning 
economizers, there was improper refrigerant charge found in about 45% of the units, fans were running 
during unoccupied periods more than a third of the time, and fans were cycling on and off with a call for 
heating and cooling rather than providing continuous ventilation air for a third of the units as well.  Figure 
7 shows the frequency of an error in a rooftop unit that was found in the New Building Institute study. 

In the study produced by the New Building Institute, the most frequent rooftop unit error was that of the 
economizers.  Thirty of the 123 units with economizers (24%) would not move, thirty-six of the units 
(39%) did not respond to the cold spray test, and an additional thirteen units (10%) displayed poor 
operation during the short-term monitoring program.  Moreover, the single-point enthalpy economizers 
were frequently using the “D” changeover setpoint which minimizes the operating hours in which the 
economizer operates instead of the “A” changeover setpoint which maximizes the operation hours.   Only 
30% of the single-point enthalpy economizers were using setpoint “A”. 

The second most frequent rooftop unit error was that of improper refrigerant charge.  Improper refrigerant 
control existed in 46% of the units surveyed in the New Building Institute’s study.  Improper charge 
results in a reduction of cooling capacity and/or reduced efficiency.  On average, 5% more energy is used 
for cooling when the refrigerant charge is not properly set (Higgins 2003). 

Airflow levels are designed to be 400 cfm/ton.  To reach the design performance and efficiency level, this 
airflow must be reached.  The average airflow of the surveyed units was 325 cfm/ton, with one third of 
the units having air very low airflow rate (< 300 cfm/ton).  Reduced airflow results in reduced efficiency 
and cooling capacity.  A decrease in the airflow rate to under 300 cfm/ton results in an increase in cooling 
energy use of approximately 9%.  In addition to this, the New Building Institute’s survey revealed that 

                                                      
15 (Prah 2002e) 

Seasonal RTU SM Should Include15: 
 Lubrication 
 Dampers 
 Filters 
 Refrigerant Charge 
 Motor Amperage Draw 
 Verification of Motor Voltage Balance  
 Temperature Drop Across the Coils 
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there was an increase of fan power of 20% over the assumed 365 W/cfm or 0.15 kW/ton.  Low airflow 
and high fan power together is often the result of a severe pressure drop in the duct system.  A typical 
pressure drop in a duct system is 0.1-0.25 in. w.c., however the units surveyed experienced an average 
pressure drop of 0.48 in. w.c. and would have experienced a pressure drop of 0.625 in. w.c. if the airflow 
was at the expected 400 cfm/ton (Higgins 2003). 

 

 
Figure 7. Frequency of Rooftop Unit Errors16 

 

In 38% of the rooftop units, the fans were dependant on the heating and cooling resulting in fan cycling.  
Instead, fans should be operating independently and run continuously for proper ventilation.  
Furthermore, in 30% of the units, fans were running during unoccupied periods resulting in unneeded 
energy use (Higgins 2003).  In many facilities, there are no controls regarding unoccupied periods.  Using 
a night setback thermostat will reduce the amount of conditioning that occurs during unoccupied times.  A 
result of the setback thermostat can result in more than 10% of the energy cost for heating (Prah 2002e).  
Using trend analysis, it can be determined if the roof top units are operating with excessive cycling or 
running during unoccupied hours.  These operational inefficiencies can then be addressed to increase the 
efficiency of the system.  Trend analysis can also be used to determine if the operating parameters of a 
rooftop unit has changed.  Using trend analysis, alterations in energy usage can be identified and 
addressed. 

In 8% of the units studied by the New Building Institute, adjacent units controlled independently provided 
heating and cooling simultaneously.  The result of this is excessive energy usage and conditioning of air 
without beneficial output.  The energy usage and conditioning counteracts that of the adjacent unit.  
Moreover, 8% of the units surveyed were not able to supply outdoor air.  As a result, the benefits of free 
                                                      
16 (Higgins 2003) 
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cooling cannot be exploited.  There are times during the year in which outdoor air can be used to 
condition the building through fan ventilation instead of through using more energy intensive cooling 
(Higgins 2003). 

Outside air dampers can fail over time, often at the pivot points and the actuator mechanisms.  Dampers 
can fail in the open position or in the closed position.  If the damper fails in the open position, the 
compressor can be overworked and if the damper is failed in the closed position free cooling cannot be 
taken advantage of.  These dampers should be inspected regularly to ensure proper operation enabling 
peak operational efficiency (Equipment Maintenance Advice 2001f). 

Improper design, installation and operation results in a reduction of HVAC system performance.  Through 
proper design strategy integration, a reduction in system size of 40% as well as a reduction in annual 
energy costs of 25-30% can be achieved.  This is often achieved through demand side analysis and proper 
component selection to achieve proper integration (Higgins 2003).  The system efficiency can be 
improved through proper system and equipment sizing and the use of higher efficiency and premium 
efficiency equipment.   

In addition to proper design, proper maintenance will result in energy savings.  One example of this is 
cleaning coils.  The accumulation of 1/64th of an inch of scale results in a condenser operating 15% 
below design capacity.  In order to reduce the buildup of scale, a water treatment program should be 
utilized including a regular monitoring program (Checket-Hanks 2002e).  Condenser coils are exposed to 
unfiltered outside air resulting in increased dirt accumulation and decreased heat transferability.  If the 
coils are not regularly cleaned and maintained, the capacity and efficiency of the system will decrease.   

Dirt on the evaporator coils creates similar problems; that of decreased airflow and heat transfer 
capability and efficiency.  Proper filters and filter replacement greatly reduce the particulate build-up on 
the evaporator coils.  Increased pressure drop across the filter/coil and decreased supply-fan amperage 
after the replacement of filters versus 
the measurements at the time of the 
previous filter replacement indicates 
that the coils need to be cleaned 
(Equipment Maintenance Advice 
2001c).  Furthermore, HVAC 
compressor failure is most frequently 
related to overheating, refrigerant 
overcharging, low airflow over the 
evaporator, lack of lubrication and/or 
refrigeration system failure.  If the 
condenser and evaporator coils are 
kept clean, many of the typical 
causes of failure will be mitigated 
due to the proper absorption and 
rejection of heat (Prah 2002c). 

                                                      
17 (Equipment Maintenance Advice 2001b) 

The cost to clean a 10-ton unit is typically $50.  The savings 
produced from that cleaning are $250/yr assuming the 
following: 

 An increase of condensing temperature from 95°F to 105°F 
 An energy cost of $0.08/kWh 
 An operating schedule of 2,000 hrs/yr 
 An efficiency of 9.0 EER 

 
Moreover, the capacity will be increased by 7% and the power 
consumption will be decreased by 10%.  The resulting payback 
of the $50 cleaning is less than 3 months17.  This cleaning 
should be performed at the beginning of the season. 
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Another standard maintenance task that saves energy is that changing filters regularly and installing 
premium filters where applicable. Air filter clogging, as shown in Figure 8, results in a decrease in air 
flow of 10% which correlates to an increase in operating costs of 11%.  Filters are typically fiberglass, 
polyester, or poly cotton pleated.  Fiberglass filters are the cheapest filter type but also are the least 
efficient, typically considered 10% efficient.  Poly cotton pleated filters are the most efficient but 
typically cost three times that of the fiberglass filters.  Polyester filters are becoming the most frequently 
used filter due to their low cost and 25% efficiency (Prah 2002a). 

Installing premium filters can decrease the 
associated cost of the energy to move air across 
the filter.  This is based on a decrease in the 
filter’s associated pressure drop and can result in 
an increase in filter effectiveness.  An increase in 
filter effectiveness will increase the performance 
and life of the equipment associated with the 
associated equipment as well as increased air 
quality.  The pressure drop, it should be noted, 
will also increase as the time between replacing 
increases.  This is a result of the filter stopping 
contaminants.  As the pressure drop increases, so 
does the required amount of energy to move air 
across the filter.  As a result, premium filters that 
have a lower initial static pressure results in less 
energy usage throughout the life of the filter.  

Often, through installing premium filters, prefilters can be eliminated resulting in increased payback.  In 
the case study used by Chimack and Sellers (2000), the premium filters consumed 21% less energy than 
the standard filters.  Additionally, the premium filters also tend to result in more even contaminant 
loading and are able to retain the particles more often.  The physical properties of the airflow in fan 
systems can be used to determine the expected energy savings of installing a premium filter instead of a 
standard filter.  Paybacks on installing such filters depend greatly on the operating conditions and 
frequency of use (Chimack and Sellers 2000). 

Properly adjusting belts will also result in energy savings.  Belts that are not properly adjusted decrease 
the power of the drive train that they are connected to.   Moreover, there is an increase in wear on poorly 
adjusted belts.  Belts that are loose result in slippage and loss of torque.  Tight belts, on the other hand, 
increase the load on the motor and fan shaft.  Belts should be replaced every 6-12 months due to their 
minimal cost (typically $5-10), increased cost associated with belt breakage (approximately $65 for a 
service call) and their association with drive train efficiency.  Using cogged V-belts instead of standard 
belts decreases slippage resulting in an increase in drive train efficiency of 2-8% with a minimal 
associated cost premium (Equipment Maintenance Advice 2001a).   

                                                      
18 University of Wisconsin-Milwaukee Department of University Safety and Assurance. [cited May 1, 2005]. 
Available from http://www.uwm.edu/Dept/EHSRM/IAQ/iaqimage1.html. 

 
 Figure 8. Clean Air Filter (L) and Dirty Air Filter (R)18 
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These belts are shown in Figure 9. Special attention 
should be given to belts that are located outside during 
the winter.  Belts are more vulnerable to breaking 
because they are less flexible during colder 
atmospheric conditions.  Motor startup, in particular, 
puts significant torque on the belts and the blower 
system (Prah 2002e). 

In summation, rooftop units require significant initial 
purchase costs as well as significant operation costs 
and maintenance costs.  A comprehensive scheduled 
maintenance program costs one third as much as a 
reactive maintenance program.  This is the result of a 
reduction in equipment failures, large overhauls and 
replacement in addition to fewer emergency overtime 
repairs.  Roof top units should also have a minimum of 
four preventative maintenance checks per year (Prah 
2002f).  The most costly of these faults that may be 
reduced in a proper scheduled maintenance program are shown in Table 5.  In short, when a rooftop unit 
is properly maintained several thousand dollars can be saved annually through energy and operating costs 
(Turpin 2000). 

 

 
Table 5. Rooftop Unit Faults20 

Fault Type % of Total Service Costs 

Compressor 24% 

Controls Error 10% 

Condenser 9% 

Electrical Problem 7% 

Evaporator 6% 

New Installation 6% 

Air Handling 5% 

Refrigerant Leak 5% 

Installation/Startup 4% 

Cooling Water Loop 4% 

Fan Belt 2% 

Others 18% 

 

                                                      
19 (Equipment Maintenance Advice 2001a) 

20 (Breuker, Rossi & Braun 2000) 

 
Figure 9. Standard V-belts and Cogged V-belts19 



4. RESULTS 

 

 

 NCEMBT-061102 

 
38 

4.2.1.2  Chillers 
A chiller, such as the one shown in Figure 10, is a refrigeration system that cools water through a vapor-
compression or absorption cycle.  The compressors of the chiller can be either a reciprocating, centrifugal 
or screw compressor.  Reciprocating compressors and screw compressors are both positive displacement 
compressors, while a centrifugal compressor uses a spinning impeller and a diffuser to raise the 
refrigerant pressure.  Rotary screw compressors, as a result of their decreased number of moving parts, 
often require less maintenance and provide increased reliability as compared to reciprocating 
compressors.  Reciprocating compressors are vulnerable to having connecting rods and valves damaged, 
requiring significant maintenance to repair.  Rotary screw compressors are also often more convenient 
due to their smaller size and being 
increased adaptability (Duncan 1999).  
When operating a reciprocating 
compressor, special care needs to be taken 
to ensure that the suction and discharge 
valves are operating properly.  The most 
widespread malfunction in reciprocating 
compressors is that of broken valves.  
Regardless of the compressor used in the 
chiller system, it is recommended that 
automation be considered to aid the chiller 
technicians and help reduce the possibility 
of technician error (Briley 2003). 

According to Clark, chillers are the largest 
energy-using component in most facilities 
and use up to 50% of a typical facility’s 
electrical usage.  Moreover, chillers 
consume an estimated 20% of the total 
electricity generated in North America.  
Chillers, however, often use up to 30% more energy than required as a result of system inefficiencies 
costing facilities billions of dollars every year (Clark 2004). 

A vapor-compression cycle uses four components to cool the water.  These components consist of an 
evaporator, a compressor, a condenser, and an expansion valve.  Refrigerant in liquid form moves around 
the evaporator tubes and ultimately evaporates.  Heat from the chilled water in the evaporator tubes is 
dissipated with the evaporating refrigerant.  The refrigerant vapor is forced into the condenser by a 
pressure differential created by increased refrigerant pressure.  In the refrigerant condenser, the vapors 
condense on the water coils.  As this occurs, heat is released into the cooling water due to this 
condensation.  Finally, the refrigerant, now in liquid form again, is at a high pressure and so undergoes a 
pressure reduction in the expansion valve. 

An absorption cycle also uses evaporation and condensation of a refrigerant.  The components of an 
absorption cycle are an evaporator, an absorber, a generator, and a condenser.  As in a mechanical cycle, 
in an absorption cycle, refrigerant in liquid form moves around the evaporator tubes and ultimately 
evaporates.  Again, the heat from the chilled water in the evaporator tubes is dissipated with the 
evaporating refrigerant.  In the absorber, absorbent is sprayed over condensing water coils and through 
the vapor space resulting in the refrigerant being absorbed due to the cooling water coils.  Next, the 
diluted solution flows over the generator tubes containing the heat source.  Finally, in the condenser, the 
                                                      
21 Energy Resources Center - University of Illinois at Chicago 

 
Figure 10. Chiller21 
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heat of vaporization is dissipated into the cooling water tube bundles.  The difference in the cycles stems 
from the energy source to increase the refrigerant temperature before the heat rejection cycle component.  
In the mechanical compression cycle, a compressor is used to heat up the refrigerant vapor, which results 
in the pumping of the vapor due to pressure differential.   An absorption chiller, however, heat is used to 
raise the refrigerant temperature.  This heat is commonly in the form of steam, making absorption chillers 
an economic mate for a cogeneration or combined heat and power application.  An absorption cycle 
requires the use of two working fluids, one being the refrigerant and the other an absorbent.  Common 
applications use lithium bromide or ammonium as the refrigerant and water as the absorbent.   

One way to decrease the cost of operation of a chiller is to change the requirements of the water 
temperatures.  Raising the chilled water temperature by 2-3°F increases the efficiency of the system by 3-
5%.  Less energy is required through reducing the temperature differential that must be overcome.  This is 
because raising the chilled water temperature will result in an increase in the evaporator temperature.  
Similarly, decreasing the condenser water temperature by 2-3°F increases the efficiency by 2-3%.  Just as 
is the case with increasing the chilled water temperature, decreasing the water temperature will reduce the 
temperature differential to be overcome.  The result is that less energy will be required due to a smaller 
temperature differential. 

In order to run a chiller efficiently, it is important to ensure that there is optimal heat transfer within the 
chiller.  Through reducing scale and fouling, the heat transfer surfaces will be cleaner resulting in 
increased heat transfer ability.  As scale builds up, the materials collected on the tubes acts as an insulator 
causing a larger temperature differential between the water and the refrigerant.  Another way to improve 
the heat transfer in a chiller system is by maintaining an adequate condenser water flow.  This can be 
accomplished through regular water filter replacement, avoiding an increase in condenser refrigerant 
temperature due to poor heat transfer.  Purging air from a condenser can result in a decrease in the power 
draw from the compressor.  The air built up and trapped in the condenser results in an increase in pressure 
in the compressor discharge.  The result is that an increase of work input is required for the same amount 
of output (Sullivan et al. 2004). 

After the chiller is optimally designed for the specific application, proper maintenance needs to be 
performed on the chiller to ensure efficient operation and longer equipment life.  Besides regular 
inspection of the chiller, an inspection of all of the refrigerant lines needs to be conducted to identify 
refrigerant leaks.  In addition to this, compressor operating pressures, oil levels and pressures and motor 
voltage and amperage needs to be checked and logged to aid in identifying system changes.  Motor and 
compressor maintenance should also be regularly done to ensure that these components operate efficiently 
as well.  The maintenance on a chiller system should also include motor starters and system controls.  The 
controls of the system should be calibrated regularly to ensure that operation occurs when desired as the 
system is designed to operate. 

It is highly recommended that IR thermography be used to more effectively inspect a chiller system.  An 
IR thermometer or IR camera can determine where cooling is lost from lack of insulation along the 
chilled water piping.  It can also be used on the motor and compressor to determine if they are operating 
properly.  An IR thermography analysis will show if there is a hot spot in the compressor or motor, which 
would signify an operational problem.  Additionally, an ultrasonic analysis should be performed on the 
rotating equipment of the chiller system.  This includes the compressors, pumps and motors.  Ultrasonic 
analysis can also be used to identify refrigerant leaks in the system. 

Briley (2004a) claims that there are four preventive maintenance tasks for a refrigeration system that are 
cost effective.  These tasks include mechanical vibration analysis on rotating machines, lubricant testing 
for refrigerating compressors, vessel thickness inspections, and infrared inspection of all equipment.  
Vibration analysis, as discussed in Section 4.2.2.2  Vibration Analysis, includes the analysis and trending 
of the vibrations of a piece of equipment.  This helps determine when the equipment operation has 
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changed and failure may soon follow (Briley 2004a).  Additionally, as rusting and corrosion increases 
through time, the thickness of the pipes and vessels decreases.  The result of a decreased thickness is that 
the piping or vessel can become dangerously thin and could become hazardous.  As a result, steel piping 
that does not require insulation and is in an environment that is vulnerable to rust should be painted 
regularly to reduce the ability of the pipe to rust.  Applicable piping should be insulated to reduce heat 
loss of the fluid inside of the piping.  Insulation should be inspected regularly to ensure that the insulation 
is still effective and that no applicable areas are bare.  Infrared inspection of equipment should occur to 
determine if operating equipment contain hot spots.  As discussed in Section 4.2.2.3  IR Thermography, 
IR technology can be used to determine loose or corroded electrical connections such as terminal bolts, as 
well as faulty refractory material (Briley 2004b). 

Jeff Carpenter of Carrier Commercial Service spoke with Checket-Hanks (2002d) regarding maintaining 
chiller efficiency.  Carpenter cites four items that are the most integral in maintaining efficiency.  The 
first item is making sure that tubes are cleaned and maintained.  Control calibration and inspection, 
refrigerant charge optimization and regular oil changes and analysis round out the list of maintenance 
items that will preserve chiller efficiency.  Keeping records will aid in watching trends and catching 
potential problems before they become costly problems.  (Checket-Hanks 2002d). 

According to American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) 
and Air-Conditioning and Refrigeration Institute (ARI) studies, excess oil in the refrigerant will lower the 
chiller system efficiency.  The efficiency decreases because the excess oil coats the evaporator coils and 
causes a decrease in the heat transfer capability.  Checket-Hanks (2002b) cites Mark Key as saying that 
chillers are commonly operated with 12% excess oil in the refrigerant.  The result is a decrease in 
efficiency of 36%.  Oil content should not exceed 0.5%, at which its lubricating benefits become 
outweighed by efficiency decreases.  There are machines that can be installed to purge excess oil and 
other detrimental fluids and maintain an oil content of 0.5%.  This results in an increase in efficiency and 
an attractive payback (Checket-Hanks 2002b).  Moreover, if the refrigerant contains even just 1% oil, 2% 
of the unit’s efficiency is lost (Herberg 2003).  These performance losses based on excess oil in the 
system are confirmed by Sine who correlates 1-2% oil in evaporator to yield a 2-4% performance loss; 3-
4% oil in evaporator to yield a 5-8% performance loss; 5-6% oil in evaporator to yield a 9-11% 
performance loss; and 7-8% oil in evaporator to yield a 13-15% performance loss.  However, service 
contractors often delay removing excess oil until capacity is effective.  The result of this practice is a 
drastic decrease in system efficiency (Sine 2004). 

Through routine maintenance, a refrigeration system can operate more efficiently and reliably.  Good 
water treatment is important to decrease the amount of contaminants that enter the chiller system.  When 
contaminants enter a chiller system, the condensing coils collect the dirt resulting in an increase in 
condensing temperature and energy input into the system (Briley 2003).  When dirt builds up on the coils, 
it acts as an insulator against heat transfer, resulting in decreased efficiency and increased operating costs 
and increased failure potential.  The contaminant can vary from dust and dirt to microorganisms and 
cigarette smoke.  These contaminants need to be removed regularly to keep the chiller operating optimally 
(Dyle 1999).  Dirty coils can cause the associated equipment to consume up to 37% more energy than 
when the coils are clean.  Clean coils also improve equipment life expectancy and indoor air quality 
(Leach 2001).  Scale build-up of 1/64th of an inch can cause a condenser to operate 15% below design 
capacity (Checket-Hanks 2002e). 

Indirect evaporative cooling has become a viable mode to ventilate air precooling and can be combined 
with direct evaporative cooling to enhance the system’s performance and improve indoor air quality.  
Evaporative coolers can now be used to supplement the refrigeration load.  This can be an attractive 
option to reduce peak energy usage associated with operating chillers.  Similar maintenance is required to 
keep an evaporative cooling unit in peak performance.  It is especially important to use clean water in an 
evaporative cooling system to reduce scaling and fouling within the system (Brown 2000).  This can be 
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attained through allowing the system to purge through a blowdown process combined with regular 
chemical testing and treatment.  Additionally, maintenance should be performed to prevent the head 
pressure of the system from increasing.  A higher head pressure results in less system output and 
increased system energy input to overcome the high head pressure (Checket-Hanks 2000). 

Although chillers have continually become more efficient, maintenance has continued to be a critical part 
of keeping chillers operating efficiently.  Moreover, newer chillers are being built with smaller tolerances 
increasing the importance of proper maintenance (Grenz 2002).   

 

4.2.1.3  Cooling Towers 
A cooling tower is a heat transfer device that is designed to use air to cool water.  Cooling towers are 
either direct (open) or indirect (closed).  In a direct cooling tower, the warmed water is open to the 
environment.  In this case, the warmed water is pumped into the cooling tower and air is blown across it 
resulting in heat being removed through evaporation.  In an indirect cooling tower, the water that is to be 
cooled is circulated through tubes resulting in the water being closed off from the environment.  A sample 
cooling tower system is shown in Figure 11. 

In general, a cooling tower uses a condenser pump to send the warmed water to the top of a cooling tower 
and then is sprayed onto the fill.  As cold water collects at the bottom of the cooling tower in a basin, it is 
pumped back to the condenser and the loop is completed.  Heat is released from the warmed water 
through evaporation resulting in the water cooling down.  The flow of air through the fill results in an 
increase in evaporation rates and thus there is more heat released and more cooling of the water. 

If the water is not 
cooled to the designed 
temperature, the 
condenser temperature 
will be increased.  As 
discussed in Section 
4.2.1.2  Chillers, if the 
condenser temperature 
is increased by 2-3°F, 
the chiller system 
efficiency will decrease 
by 2-3%.  As the 
efficiency decreases 
more energy is wasted 
and the operation cost 
increases (Sullivan et 
al. 2004). 

Chemical treatment is 
important in a cooling 
tower to reduce the 
growth of 
microorganisms which 
can result in Legionella 

                                                      
22 Efftec. [cited May 1, 2005].  Available from http://www.efftec.com/images/learn-4basics-diag1-sm.jpg. 

 
Figure 11. Cooling Tower System22 
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Pneumophilia.  In addition to microorganism growth, as the water is evaporated, scale is left behind on 
the fill.  As scale builds up the heat transfer ability decreases and the less evaporation occurs.  As 
evaporation decreases, the condenser water temperature increases.  As the water quality decreases and the 
levels of contaminants increases, the likelihood that spray nozzles become clogged increases.  If a spray 
nozzle clogs, the water distribution over the fill becomes skewed causing uneven flow of air and a 
decrease in heat transfer and evaporation.  In addition to this, proper air and water flow must be 
maintained to keep heat transfer and evaporation at their optimal conditions (Checket-Hanks 2000). 

In addition to scale, white rust can occur when soft water is in contact with galvanized carbon steel.  
White rust coats the metal but can be wiped away without much difficulty.  If it is not removed, the white 
rust can turn into red rust that can quickly cause a cooling tower to fail.  White rust, however, can be 
mitigated through proper water treatment or through passivation.  Passivation is a chemical water 
pretreatment of galvanized steel that helps form a protective coating to prevent initial corrosion (Checket-
Hanks 2002f). 

Cooling towers often operate at 30% of the required capacity due to plant growth, system undersizing, 
deficient maintenance and a variety of other factors.  There are several ways to improve capacity through 
increased heat transfer.  Cooling air volume can be increased through altering the fan blades to a 
maximum angle.  Increased performance can be obtained by removing the redistribution splash decks and 
replacing them with efficient cellular redistribution decks or target orifice nozzles.  Additionally, 
installing a good spray nozzle pattern with a high-efficiency SuperCellular film can decrease the output 
water temperature by 10-15°F.  A decrease of water temperature of this magnitude could be equal to an 
increase in capacity of 50%.  As the temperature of the cooling water decreases, the efficiency of the 
compressor will increase by a factor of 2.5% for every degree Fahrenheit (Burger 1996). 

During periods of cold weather, it is necessary to check winterization equipment regularly as well as 
verify that the level of ice accumulation is within acceptable limits.  During these times, however, the 
cold outdoor temperature allows for free cooling to be obtained. 

 

4.2.1.4  Pumps and Fans 
Pumps are classified as either dynamic or positive displacement style pumps.  Dynamic pumps are also 
known as centrifugal pumps.  These pumps are either radial flow, mixed flow, or axial flow.  Positive 
displacement pumps are designed to have expanding and contracting cavities.  As a result, liquid flows 
into the pump as the cavity expands and flows out as the cavity contracts.  Positive displacement pumps 
maintain a particular flow as a function of the rpm regardless of discharge pressure.  Positive 
displacement pumps can either be single or multiple rotor pumps.  Relief valves are required on the 
discharge side of the pump in order to reduce the pressure in the system if the pump is running without 
sufficient flow out of the system (Sullivan et al. 2004).  An example pump room is shown in Figure 12. 

Pumps require regular maintenance similar to that of motors.  Additionally, pumps are susceptible to 
similar failures that motors suffer.  As a result, similar techniques, such as ultrasonic analysis and 
vibration analysis, can be used to preventively maintain the pumps.  Like motors, pumps are regularly 
oversized resulting in excessive energy usage for the output provided.  Moreover, bypassed flow and 
overcapacity both result in energy wasted from pumping fluids when it is not necessary. 

Ultrasonic analysis can be used to determine component degradation because pumped fluid makes a 
distinct sound pattern as it flows around bearings and impellers.  The flow emits a particular frequency 
that can be tracked and compared to determine when the pump is operating differently.  In addition to 
ultrasonic analysis, vibration analysis can be used to determine if the amplitude signature has altered from 
component degradation. 
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Fans create an air pressure differential which results in air flow.  Fans are essentially pumps whose 
operating fluid is air.  Fans are either axial or centrifugal in style.  Axial fans flow parallel to the drive 
shaft, while centrifugal fans force the air to make a 90° turn through the fan.  Axial fans are either 
propeller or tube-axial designed.  Centrifugal fans, which are often known as “squirrel cage” fans, pushes 
air as the blades rotate around.  Fans consist of an impeller or rotor, the motor, and the housing.  An 
impeller consists of blades attached to a hub.  The impeller’s rotation causes the pressure differential.  
The motor drives the hub and therefore also the blades.  Finally, the housing encloses the motor and 
impeller. 

In general, fans require little 
maintenance while providing 
proper operation without hassle.  
As a result, fans are often 
ignored in HVAC systems, 
resulting in HVAC systems 
shutting down when the fan fails 
unexpectedly.  Fans, however, 
consume 20%-50% of the total 
HVAC electrical energy use, 
which corresponds to 10%-30% 
of the total building electrical 
energy usage.  According to the 
Architectural Energy 
Corporation, this can be more 
than the chiller energy use.  As a 
result, fans should be addressed 
to improve performance and 
efficiency while decreasing 
operating cost.  Through proper 
maintenance, it is estimated that 50% of the energy consumed by fans, or roughly 12% of the total HVAC 
electrical energy use, can be eliminated through proper operations and maintenance (Higgins 2003).  The 
maintenance required to conduct preventive maintenance is simple in most situations.  Proper 
maintenance consists of cleaning fan housing and blades, lubricating bearings, adjusting belts, checking 
bearings, and tracking vibration.  As is the case with pumps, ultrasonic analysis and vibration analysis 
along with trending and benchmarking can be used to determine if fan components have begun to undergo 
degradation.  It is important to ensure that after maintenance has been conducted, that the motor wiring is 
connected properly so that the motor does not run in the wrong direction. 

 

                                                      
23 National Renewable Energy Laboratory. 2004 [cited May 1, 2005] Available from 
http://www.nrel.gov/docs/fy04osti/36074.pdf. 

 
Figure 12. Pump Room23 
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4.2.1.5  Motors  
Motors, such as the ones shown in Figure 13, 
fall into the category of either direct current, 
DC, or alternating current, AC, motors.  Both 
classifications operate by having a current 
passing through a coil to generate a torque.  
DC motors are commonly used in a variable 
load or speed application.  DC motors are 
able to be run at varying speeds, allowing for 
decreased energy use by matching the output 
to the demand of the load.  Most DC motors 
commutator to supply an electric current into 
the magnetic field.  This commutator is 
connected to the rotor requiring maintenance 
which increases the life-cycle cost of the 
motor.  In an AC motor, the AC voltage that 
powers the motor coil supplies the magnetic 
field with a current.  The core, or armature, 
rotates internally with the field coils 
surrounding it.   

Induction motors are very common due to their low cost, increased reliability and are adaptable due to 
their durability.  These motors are three-phase AC motors that require minimal maintenance and are 
generally moderately efficient.  In an induction motor, induction from the stator provides the power for 
the rotors.  Synchronous motors are in sync with the frequency of the power lines.  Synchronous motors 
are typically more efficient than induction motors.  Furthermore, the power factor of a synchronous motor 
can be adjusted (Sullivan et al. 2004). 

Motor system efficiency and operations are important to consider because they consume a large amount 
of energy, in the manufacturing sector motor systems consume about 70% of all the energy used.  An 
operational schedule should be adopted to ensure that motors are turned off when they are not in use.  It 
should also be a maintenance practice to replace motors with a high or premium efficiency motor that is 
properly sized to the required load so as to maintain optimal operational efficiency.  Furthermore, it 
should be a maintenance practice to replace larger motors instead of rewind them as motor efficiency is 
reduced when it is rewound.  Although these motors have a higher initial purchasing cost, the life-cycle 
cost of the motors is less. 

Bearing lubrication is an imperative O&M task to ensure proper operation of most motors.  The 
lubrication system should be enclosed, resistant to corrosion, and should be regularly lubricated.  Proper 
lubrication results in optimal cooling ability and help increase the motor’s expectant life (Arndt 1991).   

Ultrasonic analysis can be used to determine component degradation because of the distinct sound pattern 
of the motor.  When the frequency of the motor changes from the baseline frequency that has been 
tracked it can be determined if an aspect of the motor is operating differently.  Additionally, vibration 
analysis can be used to determine if the amplitude signature has altered from component degradation 
(Sullivan et al. 2004).  Finally, infrared (IR) thermography can be used to detect hotspots.  These hotspots 
can be the result of loose connections or other minor issues or can be the result of a more severe problem.   

 
                                                      
24 Energy Resources Center - University of Illinois at Chicago 

 
Figure 13. Motors24 
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4.2.1.6  Boilers  
Boilers vary greatly from facility to facility by size, design, and application.  Boilers can produce either 
hot water or steam, be designed as fire-tube, water-tube or electric and be used for heating or in a process.  
Fire-tube boilers heat the water in the boiler by heating gas inside tubes that are submerged in water 
within the boiler.  These tubes can be a single pass or can be have multiple passes through the boiler.  
These boilers are typically available in the size range of 20-800 boiler horsepower and up to 150 psi.  
Water-tube boilers are common in high pressure applications as well as large boilers.  This is the result of 
the fact that the smaller tubes of the water-tube boilers withstand a higher pressure than those of the fire-
tube boilers.  In the design of a water-tube boiler, the water is in the tubes which are surrounded by the 
hot gasses.  These boilers are available in a large range of sizes and pressures, including up to and beyond 
3,500 psi.  Electric boilers are vastly different from fire-tube and water-tube boilers.  Though less 
common, electric boilers can be significantly versatile, being able to handle most applications and being 
as large as 50,000 kW (Sullivan et al. 2004). 

Boiler components that require observation in an O&M program include drums, headers, tubing and 
piping among others.  Drums need to be maintained to reduce corrosion.  Corrosion can be observed 
visually as well as by measuring the interior and exterior diameters and comparing them to the previous 
measurements as well as the original dimensions.  When a boiler header is designed to handle 
temperatures of greater than 900°F it is susceptible to plastic deformation which is also known as creep.  
Boiler headers that are designed for a lower temperature can be susceptible to corrosion.  If the boiler 
cycles often, fatigue may occur.  Tube failure is a common failure among boilers.  Tubes often fail due to 
abnormal wear such as deposits reducing heat transfer, corrosion, and fatigue.  Piping can also be 
susceptible to corrosion and water hammer.  Poorly maintained boilers have a decreased life, resulting in 
a more costly life-cycle cost.  In addition to this, a poorly maintained boiler will have increased operating 
costs due to inefficient use fuel.  It should be noted that oil boilers are often dirtier than natural gas boilers 
resulting in more severe losses of heat transfer capabilities (Turpin 2001). 

Many of the potential failures associated with boilers involve corrosion and heat transfer.  As a result, 
many failures in a boiler system decrease the efficiency of the boiler system.  The Office of Industrial 
Technologies (OIT) has collected a list of common performance improvement opportunities for boilers 
and steam systems.  These improvements are included in Table 6. 

With all of the possible failures, as well as the significant cost of boiler equipment, maintenance is critical 
in a boiler system.  An example of a boiler system is shown in Figure 14.  Boiler safety is a key 
component to a proper O&M program, due to the energy contained within the system.  Furthermore, 
proper maintenance can significantly reduce the risk of incidents.  Boiler safety should include inspection, 
monitoring, and observation in addition to regular maintenance and personnel training.  Many boiler 
accidents are avoidable when routine maintenance is performed.  Maintenance logs are additionally 
critical due to the subtle changes in operating parameters of a boiler that may become critical over time.  
Malfunctioning components, operator error, and corrosion are typical causes of boiler accidents (Moore 
2003).  Showers (2000) concurs with Moore in saying that the most common cause of boiler incidents 
was operator error.  Through training, proper O&M practices and the use of a boiler log to track and 
verify maintenance these accidents can be greatly reduced (Showers 2000). 
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Table 6. Common Performance Improvement Opportunities for Boilers and Steam Systems25   
Generation 

Minimize excess air Reduces the amount of heat lost up the stack, allowing more of the fuel 
energy to be transferred to the steam 

Clean boiler heat transfer surfaces Promotes effective heat transfer from the combustion gases to the steam 

Install heat recovery equipment (feedwater 
economizers and/or combustion air 
preheaters) 

Recovers available hear from exhaust gases and transfers it back into the 
system by preheating feedwater or combustion air 

Improve water treatment to minimize 
blowdown 

Reduces the amount of total dissolved solids in the boiler water, which 
allows less blowdown and therefore less energy loss 

Recover energy from boiler blowdown Transfers the available energy blowdown steam back into the system, 
thereby reducing energy loss 

Add/restore boiler refractory Reduces heat loss from the boiler and restores boiler efficiency 

Optimize deaerator vent rate Minimizes avoidable loss of steam 

Distribution 

Repair steam leaks Minimizes avoidable loss of steam 

Minimize vented steam loss Minimizes avoidable loss of steam 

Ensure that steam system piping valves, 
fittings, and vessels are well insulated 

Reduces energy loss from piping and equipment surfaces 

Implement an effective steam-trap 
maintenance program 

Reduces passage of live steam into condensate system and promotes 
efficient operation of end-use heat transfer equipment 

Isolate steam from unused lines Minimizes avoidable loss of steam and reduces energy loss from piping and 
equipment surfaces 

Utilize backpressure turbines instead of PRVs Provides a more efficient method of reducing steam pressure for low-
pressure services 

Recovery 

Optimize condensate recovery Recovers the thermal energy in the condensate and reduces the amount of 
makeup water added to the system, saving energy and chemicals treatment 

Use high-pressure condensate to make low-
pressure steam 

Exploits the available energy in the returning condensate 

 

                                                      
25 U. S. Department of Energy’s Office of Industrial Technologies.  2002.  Improving Steam System Performance: 
A Sourcebook for Industry.  26.  
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In addition to boiler maintenance, a burner management system should be in place to identify when the 
boiler is operating unsafely and shut off the fuel supply when this occurs.  According to Showers (2000), 
a preventive maintenance program for a burner management system should involve testing of the safety 
devices, data logging and analysis, replacement of faulty devices and training of operators.  In a survey 
conducted by Showers, fifteen 
of the twenty-one boiler 
systems were operating with 
faulty safeguard devices 
(Showers 2000).  Air 
Conditioning, Heating & 
Refrigeration News stresses the 
importance of checking boiler 
safety valves regularly even 
though they are a maintenance-
free device.  Broken or missing 
seal wires, corrosion, valve 
leakage, missing nameplates 
and “stacked” relief valves can 
be discovered and mitigated 
through a quick inspection of 
the plant.  A stacked relief 
valves occurs when a leaky 
relief valve is mitigate by 
installing a second relief valve 
on the exiting pipe of the leaky 
relief valve.  This results in an addition of the pressure setting causing a potentially dangerous situation to 
go unchecked (Air Conditioning Heating & Refrigeration News 2000). 

When conducting maintenance on a boiler, the boiler system should be maintained in its entirety 
including steam piping and steam traps.  Steam piping should be properly sized and insulated to ensure 
efficient and proper operation.  Steam traps transfer condensate (condensed steam) from the steam lines to 
condensate lines.  Once the condensate is removed from the steam lines, it is either released to the 
atmosphere or returned to the boiler or another process required hot water.  It is an efficient practice to 
use the condensate as it has increased energy content than city water.  Removing condensate from the 
steam lines reduces the loss of steam in the steam lines.  Steam traps are typically either of mechanical, 
thermostatic or thermodynamic design. 

Steam traps can fail in either an open or closed setting.  If a steam trap is failed open there is a constant 
flow of steam and condensate out of the steam lines.  This is inefficient due to the steady loss of steam 
whenever the system is energized, which results in increased demand on the boiler.  This loss can be 
calculated based on the volumetric flow through the trap orifice.  If a steam trap is failed closed there is 
no flow out of the steam lines.  This results in condensate building up in the steam lines which is a 
potentially dangerous situation.  Water hammer can occur when condensate builds up in the steam lines 
causing packets of water to travel at the speed of the steam until it is impeded by an elbow in the system.  
When the water hits the edge of the pipe at the elbow, energy is released and the pipe or valve can be 
destroyed.  In addition to water hammer, failure to remove condensate from the steam line results in a 
reduced capacity in the steam distribution system. 

                                                      
26 Energy Resources Center - University of Illinois at Chicago 

 

 
Figure 14. Boiler System26 
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The tools necessary to properly operate a boiler system include a combustion analyzer and IR 
thermography.  A combustion analyzer can be used to determine the combustion efficiency of the boiler 
and if the boiler needs to be tuned.  An IR thermometers and IR cameras can determine where heat loss is 
occurring in the boiler system.  This is especially helpful in determining where insulation needs to be 
installed. 

 

4.2.2  Tools 
In order to properly operate a predictive maintenance program, maintenance personnel must observe and 
predict equipment degradation or failure.  To do this, measurements and/or monitoring of equipment is 
necessary.  Tools that are used in this type of maintenance include ultrasonic analysis, vibration analysis, 
infrared thermography, oil analysis and performance trending among others.  These technologies have 
improved over the recent years and are being incorporated more often.  In order to effectively implement 
a proper predictive maintenance program, proper resources and personnel have to be allocated.  
Additionally, training, management support and commitment are integral to a successful program.  As 
discussed individually later, these measurements are able to detect the onset of problems or degradation of 
the equipment or a particular mechanism within the equipment before partial or total failure occurs.  
Moreover, as new technology is incorporated into maintenance programs and become the standard, the 
effectiveness of maintenance personnel will increase.  Using hand-held automation technology can reduce 
the amount of time required for standard calculations and troubleshooting by as much as 50-85% as well 
as improve the detection of errors in equipment (Sundberg 2003). 

 

4.2.2.1  Ultrasonic Analysis  
Ultrasonic analysis is the use of technology that can detect 
ultrasonic sound waves to determine fluid leaks and electrical 
anomalies.  Ultrasonic sound waves have a frequency greater than 
20 kHz, which is outside the range humans can hear.  Therefore, 
equipment, such as the ultrasonic gun in Figure 15, is used to 
detect sound waves in the 20-100 kHz range.  Ultrasonic 
equipment help detect where the source of the ultrasonic waves is 
located.  Rotating equipment also give off ultrasonic sound waves, 
so can be detected, allowing for mitigation prior to failure.  
Additionally, fluid and compressed gases give off an ultrasonic 
sound, which allows an ultrasonic analysis to detect leaks of 
compressed air, steam, a refrigeration system, or a vacuum system.  
Ultrasonic equipment can also be used to analyze steam traps, 
lubrication, switchgears and junction boxes.  When analyzing a 
compressed air system that does not have a leak detection program; 
it is estimated by the DOE that 20-30% of the compressed air 
produced is lost to leaks.  Figure 16, below, shows the relationship 
between the decibels present during an ultrasonic analysis and the 
leak rate and pressure drop of a leak. 

 

                                                      
27 Enercheck Systems. Inc. [cited May 1, 2005] Available from http://www.enerchecksystems.com/up550.html. 

 

 
Figure 15. Ultrasonic Gun27 
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Ultrasonic equipment is relatively inexpensive and requires minimal training.  The cost of an ultrasonic 
gun is typically in the range of $1,000 to $12,000.  When considering the startup costs and taking into 
account the many various applications, this is a highly recommended piece of equipment to use in-house.  
When considering the various opportunities for savings, the payback for an ultrasonic gun is often 6 
months or less.  Some ultrasonic equipment allows for the data to be stored and digitally displayed so as 
to be used for benchmarking and trending.  This allows for the detection of a difference in the ultrasonic 
waves emitted which indicates a change in the equipment being analyzed (Sullivan et al. 2004). 

 

4.2.2.2  Vibration Analysis 
Vibration analysis can be used to determine when equipment is out-of-balance, misaligned, loose or if 
there is rotor rub.  When mechanical equipment degrades significantly there is often an associated 
increase in vibrations.  These vibrations are in the form of an oscillatory motion.  When a motor is 
running its rotating components vibrates.  The frequency and amplitude of the vibration, however, will 
change if the rotating components are out-of-balance or misaligned.  The amplitude or magnitude of the 
vibration can be analyzed be determining the displacement of the equipment, the velocity of the 
equipment, or the acceleration of the equipment. 

The purpose of vibration analysis is to aid in predicting equipment failure.  Vibration analysis will 
determine if there is an imbalance of rotating parts, coupling and bearing misalignments, bent or cracked 
shafts, worn or damaged bearings, and hydraulic, rubbing or electromagnetic forces.  Through regular 
analysis, a vibration footprint can be determined for each piece of equipment.  This allows for easy 
reference for trending to determine when the equipment has undergone a change in operation (Briley 
2004a). 

A transducer can be used to determine the displacement, velocity or acceleration of the vibrations.  These 
values can be compared to the expected conditions to determine if the vibration is higher than average and 
needs to be addressed.  The transducers can be set up to be permanently attached to the equipment and 
send the data to a computer for monitoring.  Hand-held devices are also available for a vibration analysis 

                                                      
28 (Malm and Halpern 1996) 

     
Figure 16. Ultrasonic Leak Rate and Pressure Drop28 
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spot reading.  There is a wide variety of vibration analysis equipment depending on the requirements of 
the plant (Mann and Shreve 1991).  A transducer can be purchased for as little as $100, however, when 
monitoring is included the cost increases to about $1,000.  When software and analyzing equipment is 
included the cost can increase to $30,000 or more.  Although monitoring equipment has a higher initial 
cost, the decrease in labor costs of repeated measurements by hand makes monitoring equipment a viable 
investment.  Moreover, data can be checked more regularly to enable earlier detection of problems before 
operations or efficiencies are significantly affected.  Often a high quality fully capable analysis system 
can be paid back in as little as 2 years.  A facility can contract an outside vendor to conduct periodic 
surveys for $600-$1,200 per day (Sullivan et al. 2004). 

 

4.2.2.3  IR Thermography 
Infrared thermography is a technology that produces visual 
images, such as the one shown in Figure 17, that correspond to 
differing levels of IR radiation proportionally to its 
temperature.  The IR radiation spectrum exists from between 2 
and 15 microns.  IR radiation travels in a straight line and does 
not travel through solid surfaces.  As a result, IR technology 
aids in detecting if a piece of equipment is operating in a less 
optimal condition.  By determining where a hot spot is in a 
piece of equipment, these inefficiencies can be located and 
mitigated.  Inefficiencies include loose or corroded electrical 
connections, as well as faulty refractory material.  Moreover, 
the temperature differential from normal conditions will 
indicate the probability of failure. The greater the temperature 
differential, the greater the chances of failure (Nicholas Jr. 
1994).  Additionally, leaky locations or wet spots of the 
building envelope including roof membrane issues can be 
located and repaired as well.  Other potential applications include various electrical applications such as 
transmission and distribution lines, and motor connections, bearings and imbalances.  Moreover, there are 
many mechanical applications that can benefit from IR thermography.  This includes steam traps and 
valves, fluid blocking, heating and cooling, coils, and rotating equipment (Sullivan et al. 2004). 

Roughly, 33% of all equipment losses are derived from electrical problems.  One quarter of these are the 
result of loose connections.  When an infrared thermography survey is conducted, roughly eight electrical 
hot spots are found.  Half of these are of moderate or less severity and the other half are serious or critical 
in nature.  The less severe problems can produce a savings of $500 each while the serious and problems 
can be remedied for $100-200 resulting in economical paybacks.  Moreover, IR thermography can be 
contracted out or done by in-house personnel (Slizewski 1992). 

Equipment to conduct IR thermography surveys includes IR thermometers and IR cameras.  IR 
thermometers give a spot reading of the temperature of an object based on its IR radiation emitted.  IR 
thermography cameras, such as the one shown in Figure 18, can translate the IR emissions into a visual 
format that can be saved and used as a benchmark.  IR cameras can be used to two-dimensionally depict 
the temperature of the object being analyzed such as in Figure 19.  The IR thermography photograph 
shown on the right shows the heat loss through the windows as well potential moisture issues to the right 
of the windows and along the left wall.  The points of heat losss can be identified by the red colors, while 

                                                      
29 Imaging1.com.  [cited May 1, 2005] Available from http://www.imaging1.com/thermal/TPM4.html. 

    
Figure 17. IR Thermography on a Circuit29   
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the locations of potential moisture problems can be identified by 
green colors.  Due to its added insulation and resulting cooler 
temperature, the roof is also depicted in a green/blue color. 

 

The cost of IR equipment varies greatly based on the 
equipment’s capabilities.  An infrared thermometer can cost as 
little as $500 to as much as a few thousand.  The cost of a basic 
IR camera varies from $7,000 and $20,000.  An IR camera with 
radiometric capability can cost $18,000 to $65,000.  
Furthermore, software and training need to be incorporated.  It 
is possible to contract a service company to perform IR surveys 
for a cost ranging between $600 and $1,200 per day.  This is 
cost effective for facilities without the means to purchase the equipment for and conduct their own IR 
surveys (Sullivan et al. 2004). 

An IR thermography survey is difficult to conduct if there are lockout requirements on circuits that 
require them to be de-energized.  For the IR survey to work, the circuit needs to be exposed and 
energized, which may lead to difficulties with more stringent lockout procedures (Nicholas Jr. 1994). 

 

4.2.2.4  Oil Analysis  
Oil analysis is the testing of oil for acidity, viscosity, the presence of contaminants or other additives.  Oil 
analysis tests for the chemical integrity as well as the general condition of the oil.  Oil analysis has been a 
regular O&M procedure for years.  An oil analysis will determine if the oil is still able to lubricate as it 
was designed to.  The analysis will determine if any outside contaminants have entered the oil.  
Contaminants in oil dictate that there is a problem with the seals of the oil system if it is a closed system.  
An oil analysis can also determine the wear on the machine by analyzing the particles in the oil.  Regular 
analysis and trending can aid in determining when oil needs to be changed as well as when there are 
problems with system seals or degradation.  Additional tests can be performed to determine the 
effectiveness of the additives to the oil. 

The most common oil analysis tests include the Karl Fischer Water Test, the ICP Spectroscopy, a particle 
count, the FT-IR Spectroscopy, the Direct Read Ferrography, Analytical Ferrography, and the total acid 

                                                      
30 Imaging1.com.  [cited May 1, 2005] Available from http://www.imaging1.com/thermal/TPM4.html. 

31 Imaging1.com.  [cited May 1, 2005] Available from http://www.imaging1.com/thermal/TPM4.html. 

  
Figure 18. IR Thermography Camera30 

        
Figure 19. Normal Photograph (L) vs. IR Thermography Photograph (R)31 
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number test.  These tests are used to determine such things as the amount of water in the lubricant, the 
amount of metal in the oil, the oil cleanliness, the acidity  of the oil and the chemical composition of the 
oil. 

Oil analysis is often done by an outside company.  The cost of an oil analysis for a single sample is $10-
$60 and the results of the analysis can be available as quickly as 24 hours later and are often available on 
the internet.  It is also possible to set up an in-house analysis laboratory.  In order to obtain the most 
accurate results, an accurate sample needs to be obtained.  Samples should be taken from a low-pressure 
line that is before any filter devices as this will filter out many of the contaminants the analysis is testing 
for.  Oil analysis can help reduce failures, resulting in a decrease in equipment, downtime and labor costs 
(Sullivan et al. 2004). 

 

4.2.2.5  Performance Trending 
In addition to using maintenance tools such as ultrasonic detectors, vibration analysis, IR thermography 
and oil analysis, trending is important to ensure that equipment is running efficiently.  In the 1980s, new 
technologies had begun to be used in maintenance.  These technologies allowed for the collection of 
additional information to better maintain and operate the associated equipment.  Although the costs of 
these technologies decreased, the total O&M budget continued to increase due to poor job planning and 
the lack of continued traditional maintenance.  In order to successfully improve a maintenance program 
technology needs to be combined with traditional maintenance and proper planning of resources and 
scheduling (Bos 1994). 

The information collected for performance trending is important to track the performance and standard 
conditions.  This will help aid in the scheduling of maintenance tasks prior to equipment failure.  
Additionally, it will enable the facility to determine when equipment performance or efficiency has 
decreased.  Logging and trending can help determine when there are indicators before a problem exists. 

Gathering the data for performance trending often is easier and cheaper than expected.  Many pieces of 
equipment installed in facilities have instrumentation that can be used to perform trending.  There are 
simple alternatives if instrumentation is not included on the equipment.  This includes pressure and 
temperature sensors, which are inexpensive and simple to use and install. 

The cost to implement performance trending 
depends on the magnitude of the program, but 
can be relatively small.  To implement 
performance trending, a record of the operating 
parameters should be documented and 
analyzed.  It is recommended that data be kept 
on a personal computer to ease the trending 
analysis (Sullivan et al. 2004).  Readings can 
then be used for reference and establishing a 
baseline, or history of the operation of the 
system (Brown 2002). 

Benchmarking provides a method to measure 
and control maintenance functions.  A 
benchmarking program is only as good as the data that it uses.  The baseline datasets that are collected 
need to be accurate to ensure a true comparison (Smith Jr. 1995).  Furthermore, in should be noted that 
                                                      
32 (Kokoskie 1994) 

The CMMS program that is chosen should 
accomplish the following32: 

 Automatically generate preventive maintenance 
work orders through a variety of flexible 
scheduling options 

 Allow for quick, easy entry and printing of 
corrective maintenance work orders 

 Track inventory 
 Provide a variety of informative reports for 

tracking and evaluating maintenance operations 
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alterations in operation that will cause the data collected to differ from the baseline and in the 
comparisons made.  With this in mind, benchmarking should be done as a long-term process as opposed 
to a short term check.  Over time, the baseline will prove to be more useful for comparisons than the 
limited data of a short-term comparison. 

Effective benchmarking of reliability and maintenance efforts is critical to evaluate the success and 
benefits of a proper SM program.  Often benchmarking does not occur for several reasons including: 

1. The cost of record keeping 

2. A fear of not meeting goals and the associated accountability 

3. A lack of understanding of the benefits and improvements that benchmarking can obtain. 

A great analogy used by Ginder (1996b) is that of keeping statistics in sports.  In sports, statistics help 
evaluate the team or an individual player.  Furthermore, statistics help predict future performances as well 
as areas for improvement.  Similarly, benchmarking is beneficial to determine the performance of a 
system of piece of equipment as well as predict the efficiency of performance and what needs to be 
improved. 

When data is collected, it needs to be analyzed in a 
timely manner to catch potential problems before 
they exist.  Furthermore, when efficiency decreases, 
it can be mitigated quickly and the efficiency can be 
returned to its optimal levels.  Data measurements 
should be distributed only to those who have a need 
for it.  Data should be relevant to the recipient and 
separate reports should be issued to different people.  
As a result, the necessary data that is pertinent to 
them is easily found and analyzed.  Finally, 
accountability must be included in these maintenance 
reports (Ginder 1996b). 

With recent technology advances, flexibility and integration has increased resulting in an increased need 
to increase equipment reliability.  A computerized maintenance management system (CMMS) can be 
used to manage maintenance tasks and personnel 
as well as the resulting data from the 
maintenance tasks (Hamilton 1996).  The CMMS 
system should be used to automate the 
management and scheduling of maintenance 
work.  Management should set the priorities for 
the CMMS program and incorporate new 
technologies to further increase the effectiveness 
of the maintenance program.  CMMS can be 
used for a database as well as to track 
maintenance tasks (Player 1996).  The pros and 
cons of CMMS are as follows34: 

 

                                                      
33 (Craig 2006) quoting AIPE Facilities Magazine 

34 (Hamilton 1996) 

“A study by A.T. Kearny and Industry Week 
magazine found that CMMS’s produced the 
following average savings or benefits by users of 
automated maintenance management 
systems33: 

 28.3% increase in maintenance productivity 
 20.1% reduction in equipment downtime 
 19.4% lower material costs 
 17.8% reduction in MRO inventory” 

Pros Cons 

Functionality  Support 

Performance Implementation 

Installation Resources 

User groups Justification 

Training Documentation 
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4.3 BENEFITS: HOW PROACTIVE O&M IMPROVES THE BOTTOM LINE 
There are significant energy savings that can be achieved due to proper operations maintenance and 
management of equipment.  Effective operations and management programs incorporate operations, 
maintenance, engineering, training, and administration to achieve these goals.  Though there are barriers 
to incorporating effective O&M processes, there are also reasons for overcoming these barriers, including 
cost and labor benefits.  It is important to measure success through monitoring and logging of 
maintenance jobs (Sullivan et al. 2004).  BK Upchurch from Goerlich Exhaust Systems claims that after 
transitioning from a reactive emergency maintenance to a proactive maintenance program, his company’s 
productivity increased, downtime was reduced, response time increased and personnel morale improved 
(Maintenance Solutions 2004). 

 

4.3.1 Energy Conservation 
Five to twenty percent of a facility’s energy bills can be saved without substantial investment through 
building operation and maintenance programs emphasizing operating efficiency of HVAC and lighting 
systems.  Portland Energy Conservation, Inc. has compiled a list of fifteen Best Practices that are 
categorized into four categories: management, teamwork, resources, and energy-efficient O&M.  These 
operations and maintenance Best Practices, like all O&M Best Practices, “save energy while maintaining 
or enhancing indoor air quality and equipment reliability”. 

For an operations and maintenance program to be successful 
management needs to be involved.  Management should 
create specific goals that the O&M program and personnel 
can use to be motivated and achieve.  These goals should be 
shared with the maintenance department and be kept track 
of with regular reporting to management.  These goals 
should include energy efficiency as a primary objective.  
Furthermore, an energy management plan should be 
implemented to concentrate on minimizing waste and 
increasing efficiency.  Energy accounting should occur to 
help identify additional opportunities that result from analyzing energy usage records.  It should 
incorporate tracking energy usage and energy savings from previous recommendations to help make the 
business case for these future additional opportunities.  This data should also be normalized using weather 
data to account for temperature-related variances. 

In addition to management support, there needs to be motivated personnel to achieve the goals set before 
them.  An energy manager should be established as the headperson of the movement and increase 
accountability as well as organize employee training in energy efficient practices and associated software.  
Beyond increased general knowledge of energy efficiency, awareness and individual efforts will be 
increased through appropriate training and knowledge of the advantages of proper operations and 
maintenance. 

To efficiently operate a building, there must be a concerted effort of everyone involved.  The first step of 
creating a team to accomplish the facility’s goals is to obtain the right staffing.  Secondly, the building 
operators need to be trained in energy-efficient O&M activities.  Beyond having the right people being 
well trained and working together, there needs to be proper resources, which includes documentation, 

                                                      
35 (Vito 2004) 

Steps to reduce energy costs include:35 
 Adjust Space Temperature Setpoints 
 Use Preventive Maintenance 
 Seek Energy Independence  
 Optimize System Efficiency 
 Negotiate Better Prices 
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tools and assessments.  When outsourcing is used, energy efficiency in operations and maintenance 
should be emphasized by the contractors used.  Additionally, there should be accountability for the 
quality level of the work. 

Documentation is an integral part of a proper operations and maintenance program.  Through continual 
updating and recording of data, documentation helps identifying potential equipment problems and when 
operation efficiency has decreased.  Documentation should include building documentation, operation 
sequencing and operation parameters and performance.  In addition to documentation, diagnostic tools 
such as trend logging can be used to aid in detecting wasted energy.  Finally, a comprehensive O&M 
assessment should be performed to identify low-cost, low-risk changes to current practices that will 
improve building operation. 

Operations and maintenance practices should be tuned-up by 
determining what improvements are cost effective and then 
implementing the improvements that are most cost effective 
or minimize the most waste first.  As the improvements are 
completed, document the results to create a new baseline, 
justify the costs and ensure that the expected results were 
obtained.  Some of the recommended measures to increase 
operations and maintenance efficiency include using 
automatic controls, scheduling and tracking.  Using 
automatic controls can help optimize operations and increase 
occupant comfort instead of just using it to turn equipment on 
and off.  Proper scheduling will enable equipment to be 
turned off when they are not being used.  Tracking 
performance and energy usage will help indicate when 
operations are occurring in a manner other than expected.  Incorporating these measures into a proper 
operations and maintenance program will help ensure that the facility is operating efficiently (Portland 
Energy Conservation Inc. 1999a). 

Operations and maintenance improvements provide an opportunity to increase energy efficiency with a 
low implementation cost.  O&M assessments typically produce improvements in annual building energy 
usage of 5-10% while producing a payback of 2 years.  An O&M assessment should include inspecting 
equipment, reviewing trend data, spot measurements and interviews with management, operations 
personnel, maintenance personnel and contractors.  Table 7 shows the differences between a traditional 
energy audit and an O&M assessment (Portland Energy Conservation Inc. 1999c). 

O&M assessments typically cost $0.11-$0.35 per square foot but result in recommendations that are less 
expensive to implement and rarely require large capital improvements.  O&M assessments should be 
done before an energy audit because of the low cost of the resulting improvement recommendations.  
Furthermore, an O&M assessment optimizes building systems which frequently results in reduced energy 
usage (Portland Energy Conservation Inc. 1999c). 

                                                      
36 (Portland Energy Conservation Inc. 1999c) 

O&M assessments result in the following 
benefits36: 

 Identifying operations improvements 
 Increased energy efficiency 
 Increasing IAQ 
 Optimize equipment performance 
 Increased building control 
 Reduce equipment failure 
 Increasing equipment life 
 Decrease O&M costs 
 Increased documentation 
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Table 7. Difference Between a Traditional Energy Audit and an O&M Assessment37 

Traditional Energy Audit O&M Assessment 

Emphasizes investigating existing building systems for 
equipment replacement (retrofit) opportunities leading to 
energy cost savings 

Emphasizes investigating building systems to identify low-cost 
O&M improvements leading to energy cost savings 

A typical energy audit on-site process is relatively fast (16 
hours) 

O&M assessment on-site process is relatively time consuming 
(2 days to 2 weeks) 

Seldom includes functional testing of present building 
systems 

Generally includes some degree of functional testing of 
present building systems 

Generally performed by an outside consultant Generally performed by an outside consultant 

May include building simulation models Rarely includes building simulation models 

Results in a list of energy conservation retrofit measures Results in a master list of O&M improvements 

Typical recommendations are time consuming and expensive 
to implement 

Typical recommendations are fast and inexpensive to 
implement 

Typical paybacks are estimated at three or more years Typical pay-backs are estimated at less than two years (often 
less than one year) 

Generally requires an outside contractor to implement 
equipment replacements 

In-house staff can often implement many O&M improvements 

 

                                                      
37 (Portland Energy Conservation Inc. 1999a) 
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4.3.2 Equipment Longevity 
When equipment fails, the facility must decide to repair or replace the equipment unless the facility can 
continue without the equipment.  There are times in which it is too costly or impossible to repair the 
equipment and the facility has to replace the equipment instead.  The costs for repair and replacement are 
as follows38: 

 
Although proper scheduled maintenance may appear to be costly, in many cases the cost pales in 
comparison to allowing equipment to run until failure.  Some equipment, however, should not be 
maintained as extensively.  A proper financial analysis needs to occur to ensure that the proper amount of 
maintenance is being performed.  For example, a small motor that is redundant within the facility often 
should not be maintained as rigorously.  The cost of maintenance would exceed the cost to replace the 
motor including installation costs.  If the motor were critical and its downtime costly, maintenance may 
still be an economical solution.  When deciding if a piece of equipment should be maintained, the cost of 
maintenance including labor, parts and frequency should be compared to the cost of not maintaining 
including replacement costs, downtime and timing.  Furthermore, the time value of money and life cycle 
costs need to be considered when deciding which option is more economical.  The age and wear of the 
equipment should also be taken into consideration.  If the equipment is old or worn, extensive 
maintenance may not be justified due to decreased efficiency and increased likelihood of failure (Craig 
2006). 

Initially, it was believed that maintenance equipment all followed one set failure pattern.  As a result, 
programs were implemented to prevent failure through maintenance prior to the predicted failure time.  
Improper maintenance added to the problem, however, and equipment failed earlier than expected.  After 
further study, it has been determined that there are at least six failure patterns.  Three of these patterns are 
based on the age of the equipment and three are random failure patterns.  These failure patterns are shown 
in Figure 20 (Palarchio 2001). 

Most HVAC and other electromechanical equipment will follow the bathtub curve, experiencing high 
failure probability when the equipment is new, followed by a period of few failures and finally failure 
rates climb with increased wear on the equipment toward the end of their expected life (Morton 1994).  
The period governing most of the life of the equipment can be extended through scheduled maintenance 
tasks, causing an increase in the expected life of the equipment (Craig 2006). 

                                                      
38 (Craig 2006) 

 
Repair 

 Labor – Possibly overtime 
 Parts – Possibly rush delivery 
 Lost time and money 
 Tenant reimbursement 
 Missed opportunities 
 Lost tenants/clients 

 
 

  
Replacement 

 Rush shipping charges 
 Lost time and money 
 Missed opportunities 
 Rental equipment until replacement is installed 
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4.3.3 Indoor Air Quality and Building Occupant Comfort 
The purpose of HVAC equipment is to provide conditioned air for the building.  This can come in the 
form of heating, air conditioning, or ventilation.  If HVAC equipment is not providing high quality air 
quality the equipment is not fulfilling its purpose.  HVAC equipment should be maintained to enable it to 
fulfill its purpose of providing high quality indoor air and maintaining employee comfort. 

 

4.3.3.1  IAQ 
IAQ is as important to personnel or customer comfort as proper temperature, humidity and lighting.  As a 
result, HVAC maintenance is a factor in loosing customers, tenants or personnel which would result in 
lost revenue (Prah 2002d).  Poor indoor air quality is commonly associated with a combination of factors.  
One of these factors, maintenance procedures, is associated with 75% of buildings with poor indoor air 
quality.  Continued poor indoor air quality can lead to Sick Building Syndrome (SBS) or Building Related 
Illness (BRI).  HVAC system maintenance deficiencies include contaminated air filters, dirty duct liners 
and heat transfer coils, clogged condensate drains, dirty air plenum spaces, insufficient water treatment 
procedures in cooling towers and humidifier systems and inoperable equipment and controls.  
Furthermore, keeping vents clean and unblocked is integral to keeping indoor air quality high. 

                                                      
39 (Morton 1994) 

Figure 20. Equipment Failure Characteristics39 
Type A: Constant or gradually increasing failure 
probability, followed by a pronounced wear-out 
region. (Typical of reciprocating engines.) 

Type B: High failure probability when the item is 
new, followed by a constant or slowly increasing 
failure probability.  (Typical of electronic 
equipment.) 

Type C: Low failure probability when the item is 
new or just overhauled, followed by a quick 
increase to a relatively constant level. (Typical of 
rotating equipment with few moving parts such as 
centrifugal pumps.) 

Type D: Relatively constant probability of failure at 
all ages. (Typical of electrical motors.) 

Type E: Bathtub curve; high failure probability, 
followed by a constant or gradually increasing 
failure probability and then a pronounced “wear-
out” region. (Typical of a reciprocating or other 
engine just overhauled.  The overhaul introduced 
the high failure probability.) 

Type F: Gradually increasing failure probability, 
but no identifiable wear-out age. (Typical of 
turbine engines.) 
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Increased budgetary limitations and 
poor personnel training has led to 
increased difficulty in performing 
maintenance tasks properly and 
within the prescribed budget.  
Implementing a proper SM program 
should include instructions for 
maintaining HVAC equipment, 
building structure and envelope and 
general housekeeping.  The cost of 
producing high quality indoor air, 
including the associated maintenance 
training, can frequently be 
overshadowed by the resulting costs 
of poor indoor air quality.  These 
costs include decreased productivity, 
increased absenteeism, increased 
insurance as well as a variety of 
other additional costs (Lane 1990).  
Table 8 shows the increase in asthma, respiratory and allergic symptoms of facility personnel as a result 
of the lack of performing various maintenance tasks. 

 
Table 8. Increase in Facility Personnel Symptoms Due to a Lack of Maintenance Performed41 

 Increase In Multiple 
Lower Respiratory 

Symptoms 

Increase In Multiple 
Allergic Symptoms 

Increase In Asthma 
Diagnosed After 

Beginning Work In 
Buildings 

No scheduled air handler inspection 100%   

No testing and balancing report available  80%  

Particulate filters not secure in place 120%   

Dirty particulate filters 90%  100% 

HVAC cleanliness 80% 30%  

Debris inside HVAC air intake 210%  100% 

Residue/dirt in HVAC drain pans 60%   

Poor or no drainage from HVAC drain pans 200%   

Dirty HVAC ductwork 110%   

Presence of moisture in HVAC system 120%   

Air ductwork never cleaned 180% 80% -40% 

 

                                                      
40 (Lane 1990) 

41 (Sieber et al. 2002) 

Some of the common maintenance tasks associated with 
improving indoor air quality and employee comfort include40: 

 Repair of all building envelope leaks 
 Regularly scheduled filter change in all HVAC equipment 
 Regularly scheduled inspection (and replacement if necessary) of 

duct liner 
 Regularly scheduled coil and drain pan cleaning 
 Regularly scheduled maintenance of the mechanical equipment 
 Regularly scheduled maintenance and calibration of the controls 
 Regularly schedule water treatment for cooling towers and boilers 
 Maintaining accurate maintenance records 
 Preparation of accurate engineering drawings 
 Specifying the cleaning agents to be used in the occupied space 

as well as the cleaning schedules 
 Periodic evaluation of maintenance procedures and the quality of 

the indoor environment 
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HVAC cleanliness in Table 8 includes dusty air handlers, dirty sound liners, debris inside air intake, noise 
sound liners, dirty coils, residue or dirt in drain pans, poor or no drainage from drain pans, dirty or moist 
ductwork, or dirty duct liners.  Similarly proper building maintenance tasks correlate to a decrease in 
facility personnel symptoms as shown in Table 9. 

 
Table 9. Decrease in Facility Personnel Symptoms Due to Proper Building Maintenance Performed42 

 Increase In Multiple 
Lower Respiratory 

Symptoms 

Increase In Multiple 
Allergic Symptoms 

Increase In Asthma 
Diagnosed After 

Beginning Work In 
Buildings 

Daily Surface Cleaning with Solution   -50% 

Daily Vacuuming -50%   

Daily Surface Dusting -40% 30% -50% 

Interior Pesticides Have Been Applied -50% 50%  

Floor Stripping and Waxing Done Monthly -60%   

Renovation Including Installation of New Drywall 
Within Last Three Weeks 

  150% 

 

In addition to these maintenance tasks that should occur regularly, indoor air quality can be maximized by 
locating the outdoor intake at least 25 feet away from standing water, exhaust vents, sanitary vents, 
cooling towers, vehicle traffic and trash dumpsters.  Performing these maintenance tasks will decrease 
respiratory and allergic symptoms as well as the chances of obtaining asthma (Sieber et al. 2002). 

 

4.3.3.2  Comfort 
There has been an increase in health complaints in commercial buildings.  This increase has commanded 
the attention of health organizations resulting in studies regarding work-related lower respiratory 
symptoms and asthma.  A work-related symptom was defined as a symptom that improved when outside 
of the work site and was reported at least one time per week in the previous four weeks.  The data was 
used to produce a statistical model to determine the relative risk of buildings.  The data used for this 
included the strength and statistical uncertainty of associations between health outcomes and the building 
and its HVAC system (Sieber et al. 2002).  

Increased comfort results in fewer complaints from the occupant to building engineers or building 
owners, less time and money spent addressing comfort issues, increased occupant productivity and 
happiness.  A contractor receives a satisfied customer that is more willing to return for follow-up, 
maintenance or new services and increased word of mouth recommendations (Wolpert 2002a). 

 

                                                      
42 (Sieber et al. 2002) 



4. RESULTS 

 

 

 NCEMBT-061102 

 
61 

4.3.4 Reputation Benefits 
Reputation benefits are important to increasing networking, trustworthiness and ultimately clientele base.  
The association of a facility with a recognized program can be the difference required to obtain or keep a 
client.  Two of the best known programs associated with HVAC equipment are the EPA Energy Star 
program and LEED®. 

 

4.3.4.1  EPA Energy Star 
The United States Environmental Protection Agency (EPA) commenced the Energy Star program in 
1992.  The Energy Star program is “voluntary labeling program” that has the goal of promoting energy-
efficiency and reducing greenhouse gas emissions.  In 1996, the EPA partnered with the United States 
Department of Energy (DOE) to expand the Energy Star program.   Energy Star has grown from 
television and monitor labeling to labeling appliances, equipment, new homes and commercial and 
industrial buildings.  In 2004, the Unites States, through the Energy Star program, saved enough energy to 
power 24 million homes, avoid the equivalent to the greenhouse gas emissions of 20 million cars and 
saving $10 Billion43.  On average, every kWh reduced in the United States is equal to a reduction of 
emissions of 1.48 lbs of CO2, 0.016 lbs of SO2, 0.007 lbs of NOx.  CO2 reduction leads to the reduction 
in global warming and the reduction of SO2 and NOx reduces corrosion and smog (Brown 2000). 

The advantages of participating in Energy Star include the following: 

 Free, accurate, unbiased information  
 Toll-free technical support hotline (1-888-STAR-YES)  
 "How-to" guide for analyzing and upgrading your facility  
 Free E-Update  
 Resource directory of lenders helping small businesses  
 Energy equipment and service contractors and utilities  
 Information about Energy Star labeled products  
 Free workshops and seminars on energy efficiency  
 National and local recognition  
 Public relations materials to promote your efforts.  
 Marketing Resources  
  

To participate in Energy Star, the participant must voluntarily upgrade equipment efficiency whenever the 
simple payback is within three years and the quality and comfort is maintained.  These upgrades must be 
made within three years.  Finally, Energy Star products must be considered when replacing office 
equipment44. 

 

                                                      
43 Energy Star. 2004 [cited May 1, 2005]. Available from www.energystar.gov. 

44 Energy Star. 2004 [cited May 1, 2005]. Available from www.energystar.gov. 
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4.3.4.2  LEED® Certification 
Leadership in Energy and Environmental Design (LEED®) is a voluntary national standard run by the 
U.S. Green Building Council which was created to45: 

 define "green building" by establishing a common standard of measurement  
 promote integrated, whole-building design practices  
 recognize environmental leadership in the building industry  
 stimulate green competition  
 raise consumer awareness of green building benefits  
 transform the building market  
  

LEED® promotes green building while acting as a resource and framework for its members.  LEED® 
certification has become the standard for green buildings.  Many large companies and organizations have 
begun including LEED® certification into their new and existing buildings.  The Chicago Public Schools 
began an initiative to increase the potential building sustainability in its buildings.  To achieve this, the 
Chicago Public Schools will attempt to have their new buildings become LEED® certified.  As a result, 
there will be increased overall ease of maintenance, decreased energy consumption, an increase in 
building air quality and minimized life-cycle costs.  The Chicago Public Schools is trying to minimize 
maintenance through the use of simple mechanical systems.  The minimized maintenance comes at the 
cost of system efficiency.  The current energy models for the first new building implementation, however, 
still result in an anticipated energy savings of 30-40% compared to a design that merely met the minimum 
requirements of ASHRAE Standard 90.1 with a simple payback of the increased first costs of less than 6 
years (Olsen 2004). 

The U.S. Green Building Council requires commissioning for all certified buildings.  Because buildings 
are increasingly complex and built by several specialized trades, commissioning authorities have sprung 
up to help the design and construction of buildings and to make sure the new building meets the owner’s 
and designer’s intents.  Kozlowski (2004) states that the U.S. DOE has estimated that by commissioning 
1% of existing buildings larger than 25,000 square feet, $46 million in annual energy costs could be 
realized.  If 7% of all new buildings larger than 25,000 square feet were commissioned, $4.3 million in 
annual energy costs could be realized. 

The biggest barrier to commissioning is the initial cost.  The cost of commissioning a full building is 
estimated to be 1-3% of the total construction cost depending on the complexity of the building and the 
scope of the work desired.  The cost for commissioning a mechanical system, however, is roughly 2.5-5% 
of the cost of the system and the cost for an electrical system is 1-2% of the system’s cost.  Kozlowski 
(2004) cites estimates from PECI, that in an office building, the cost of commissioning ranges from $1 
per square foot for a 50,000 square foot building to $0.40 per square foot for a building larger than 
300,000 square foot. 

This initial cost, however, is justified when the savings are incorporated.  Kozlowski (2004) references a 
study by the Oregon Department of Energy that determined that the savings for a 110,000 square foot 
building was $0.11 per square foot annually just when looking at the operating cost and ignoring other 
associated savings.  A significant portion of this savings is the result of matching the HVAC demand to 
the load.  When an oversized design is reduced to match the load, significant savings can be realized.  On 
the national level, the annual operating savings resulting from commissioning in federal buildings, 

                                                      
45 U.S. Green Building Council [cited May 1, 2005] Available from http://www.usgbc.org/leed. 
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according to the U.S. General Services Administration, is 8-20%.  This results in a savings of $0.17-0.54 
per square foot (Kozlowski 2004). 

The Florida Solar Energy Center conducted a study that looked at 67 retail centers built recently in the 
state.  The study found that 66 out of 67 had “serious design and construction issues unknown to the 
owners” that would affect the operation and maintainability of those facilities.  According to Joe Higgins, 
executive director of engineering and technical services for Aramark Facility Services, building size and 
complexity have an impact on commissioning cost but minimal impact on the return on investment.  
Instead, it is the owner’s commitment to commissioning that determines the return on investment 
(Kozlowski 2004). 

 

4.4. BOTTOM LINE: MAKING THE BUSINESS CASE 
Ultimately, in order for scheduled maintenance practices to be adopted as part of a facility’s O&M 
program, the business case needs to be made for SM.  Even with the prevalence of benefits offered with 
the implementation of proper SM program most facilities still operate in a run-to-fail reactive mode.  First 
and foremost, the reasons why programs are not implemented needs to be addressed.  Moreover, 
quantifying the economic benefit of O&M improvements will be reiterated including the disadvantages of 
reactive maintenance, energy savings through SM and reduced downtime as well as increased 
productivity associated with SM.  The impacts of training and the possibility of outsourcing as an 
alternative will be covered.  Finally the section will conclude with tips for selling a scheduled 
maintenance O&M program. 

 

4.4.1 Why Programs Are Not Implemented 
Despite the advantages that SM programs offer building 
owners and managers over reactive maintenance programs, 
SM programs have not gained widespread acceptance so as 
to be considered standard practice in the commercial 
market.  Though these programs remain a best practice in 
the commercial market, SM is only in use in less that one 
third of facilities while RM is in use in greater than 55%.  

The reasons given for not implementing SM programs are primarily centered on a lack of knowledge of 
the benefits of proper SM programs.  In addition, there is a lack of commitment by building owners and 
operators to provide the financial and staffing resources necessary to implement a SM program.  This lack 
of commitment stems from three primary issues: 

 Limited knowledge of the quantifiable benefits of a SM program 
 Inability to clearly identify cost savings generated by a SM program 
 Limited knowledge of how to implement a SM program 
  

Through interviewing industry experts, the reasons for a lack of implementations were expanded on.  
Table 10 displays the frequency in which these industry experts responded with the corresponding reason 
in an open response question asking why more SM programs are not being implemented.  Greater than 

                                                      
46 (Mazurkiewicz 2004) 

It is more difficult to sell more efficient 
equipment in milder climates because the 
equipment cost premium is harder to justify 
in a mild climate due to a longer payback46. 
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half of the total respondents cited budget constraints and time requirements as being one of the primary 
reasons why SM programs do not get implemented. 

 
Table 10. Reasons SM Benefits are Ignored 

Reasoning Percent of Corresponding Responses From Interviews 
Budget Constraints 55% 
Time Requirements 53% 
Lack of Resources 33% 
Awareness of Benefits 29% 
Approach/Mindset 27% 
Proof of Benefits 22% 
Limited Management Support 18% 

 

To expand on this, some of the issues related to budget constraints include the timing of budget requests, 
initial costs and commitment.  Many times, requests for funding for additional O&M tasks are made when 
the personnel and maintenance managers are ready to initiate a new task or program; however the budget 
lags behind because it was not funded prior to the decision to implement.  In addition to this, the cost of a 
program start up often is too significant for the program to begin.  With limited time and money available 
to implement a SM program, maintenance managers need to begin with a small step.  The equipment with 
the highest maintenance needs and 
downtime should be singled out and 
scheduled maintenance performed on it.  
Through proper maintenance on the 
equipment, the downtime and emergency 
maintenance will be decreased resulting in 
fewer maintenance dollars being spent to 
maintain the equipment.  This time and 
money saved can then be used to 
implement SM on the next piece of 
equipment.  Over time, all applicable 
equipment will be properly maintained in 
a comprehensive SM program with 
minimal initial investment (Brown 
2003b).  Ryan Stroupe of Pacific Gas and 
Electic Company says that he 
recommends giving maintenance 
managers line item budget authority. 
Maintenance managers have the best 
knowledge of what time their staff has, 
what items are needed and could best 
coordinate the budget and staff with the 
tasks.  All too often those paying the 
utility bills and creating the yearly budgets 
do not understand the costs associated with maintenance, energy and efficiency.  As a result, it should be 
the responsibility of the HVAC industry to educate them and make proper recommendations.  High 

Other O&M comments from industry experts: 
 There are not enough people that want to do maintenance 

for a living.  It is as a stepping-stone.  There are not enough 
trade schools or people being trained in the trade schools. 

 Maintenance budgets are not increased enough from year 
to year to meet expansion or even inflation in some cases. 

 Outsourcing begins for a piece of equipment and so other 
tasks are ignored on that equipment. 

 Training has become more difficult with new technologies. 
 Often there is not a SM O&M headperson, so there is either 

redundancy or gaps. 
 There is a lack of discipline by O&M personnel. 
 Management does not support the O&M program. 
 Funding goes to building it, not operating or maintaining it. 
 Too much of the personnel cut corners. 
 There is a problem with the management’s mindset: They 

praise those fixing problems, not those preventing 
problems. 

 Maintenance savings are intangible so their costs are cut. 
 The attitude of “that’s the way we’ve always done it” slows 

change and resulting progress. 
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efficiency equipment, building control systems and various other maintenance tasks are important in 
reducing the annual cost of operation (Hall 2001). 

According to Terry Wireman, in World-Class Maintenance Management, maintenance organizations are 
so inefficient that many now waste the same amount of money on maintenance as they spent 10 years 
ago.  Much of this cost can be reduced through the implementation of a proper operations and 
maintenance program.  These inflated costs are largely the result of three primary reasons47: 

1. maintenance workers spend very little time doing hands-on work because they aren’t getting 
the information they need 

2. the amount of overtime is about three times what it should be, due to the reactive nature of 
maintenance organizations 

3. businesses view maintenance as a cost center rather than a world-class reliability function that 
delivers maximum reliable production 

Without an initial investment of time, training and ultimately money, the chances of a new program to 
succeed is minimal.   

 

4.4.2 Quantifying Economic Benefit Of O&M Improvements 
There are numerous benefits to improving operations and maintenance.  There are energy cost benefits, 
reduced downtime benefits and the benefits of improved productivity.  These benefits, though previously 
commented on, will be reiterated and their economics discussed briefly.  The disadvantages of reactive 
maintenance for the most part consist of the same benefits of scheduled maintenance, specifically energy 
usage, downtime, productivity and indoor air quality. 

 

4.4.2.1  Disadvantages of Reactive Maintenance 
Due to increased equipment failure, increased 
emergency repair, and decreased energy efficiency 
reactive maintenance is the most expensive O&M 
program.  Moreover, the increased likelihood of 
failure also leads to increased downtime, decreased 
equipment life expectancy and increased annual labor 
costs.  Reactive maintenance is poorly managed and 
lacks accountability.  Deferring maintenance through 
RM leads to damages that are avoidable.  Although the 
initial cost of reactive maintenance is minimal, the 
recurring costs of repair far exceed the benefit of low 
initial cost.  Many of the disadvantages of reactive 
maintenance are the same as the benefits of scheduled 
maintenance.  Moreover, it should be remembered that 
reactive maintenance, though used in more than 55% 
of facilities is used in less than 10% of top performing 
facilities.  Additionally, preventive and scheduled 

                                                      
47 (Langan 1995) 

48 (Kaiser 1995) 

Operating budgets should compensate for 
deterioration of equipment by48: 

 Fund maintenance and capital renewal at 
adequate levels to avoid backlogs 

 Develop a facilities renewal forecast for capital 
renewal planning 

 Conduct a facilities audits and condition 
assessment 

 Prioritize critical deferred maintenance projects 
 Adjust operating and capital budgeting practices 
 Plan new construction and/or acquisition of 

capital assets based on utilization of existing 
space and evaluation of alternatives for 
adaptation of underutilized space 
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maintenance programs save 12-18% over a reactive maintenance program and a predictive maintenance 
program saves 8-12% more than that. 

 

4.4.2.2  Energy Costs 
Currently there is no measurement and verification (M&V) of savings associated with implementing 
O&M programs or tasks.  If such M&V existed, 
certainty of savings would increase and there would 
be quantifiable evidence of the benefits of SM and 
greater confidence in future implementations 
(Schiller and Corsen 1998).  Energy savings of 15-
20% is typical of facilities implementing a SM 
program.  (Portland Energy Conservation Inc. 
1999a).  This savings, however, may not be realized 
in some cases where poor equipment, scheduling or 
controls overshadow the effects of improved 
maintenance (Portland Energy Conservation Inc. 
1999d). 

In a survey conducted by ACHR News, 79% of 
respondents stated that energy efficiency is 
important to their customers (Mazurkiewicz 2004).  
In addition to operations and maintenance 
maintaining the equipment’s optimal efficiency, 
purchasing premium efficiency equipment 
improved overall plant energy efficiency.  The cost 
premium of high efficiency equipment is estimated 
to be $100/ton.  The savings associated with 
increasing a unit’s efficiency from 9.0 EER to 11.0 
EER is estimated to be 20%.  Using these estimates, 
a simple payback of installing a high efficiency unit 
is beneficial.  Moreover, maintenance on a high 
efficiency unit is typically easier than on a standard 
efficiency unit.  This is a result of easier access 
from bigger and more access panels, more control 
options and operations data (Wolpert 2002a). 

 

4.4.2.3  Reduced Downtime 
Compared to reactive maintenance programs that use run-to-fail methods, preventive or scheduled 
maintenance improves the equipment reliability and can reduce maintenance overtime costs by 30% 
(Langan 1995).  Moreover, according to Banister (1994), maintenance is “now almost universally 
recognized as the integral factor in the production and quality chain.”  Maintenance is loosing its negative 

                                                      
49 Energy Information Administration [cited May 1, 2005] Available from 
http://buildingsdatabook.eere.energy.gov/. 

50 Energy Information Administration [cited May 1, 2005] Available from 
http://buildingsdatabook.eere.energy.gov/. 

Commercial Building Averages49:  
 Electricity Cost $0.079/kWh 
 Energy Cost  $15.80/MMBtu 
 Floor Space  14,747ft² 
 HVAC Usage/ft² 0.103 MMBtu/ft² 
 HVAC Cost/ft² $0.763/ft² 

Commercial buildings consume50 
 35% of total U.S. electricity 
 18% of total U.S. energy 

 

HVAC represents 42% of energy use in commercial 
buildings: 

 7.4 of the 17.5 Quads annually 
 $55 Billion of the $128 Billion annually 

   
The average energy savings resulting from the 
implementation of a proper SM program are: 

 15-20%* 
 $8-11 Billion Annually** 
 1.11-1.48 Quads (1.11-1.48 Billion MMBtu)** 

 * Based on the interviews of industry experts 
 ** EIA: http://buildingsdatabook.eere.energy.gov/ 
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cost connotation in favor of a positive cost outlook.  Maintenance costs are often an unknown portion of 
the operating overhead so is hard to determine its cost and thus its merit as an investment.  In order to 
better determine the financial benefits and costs of O&M practices, life cycle costs should be analyzed 
instead of just installation costs.  Proper maintenance helps ensure equipment availability and reliability 
resulting in a reduction in equipment lifecycle costs (Bannister 1994). 

 

4.4.2.4  Increased Productivity 
The cost of salary and wages outweigh other operational costs in most facilities.  This cost is typically in 
the range of $100-200 per square foot annually.    As a result, the cost of absenteeism can quickly mount.  
In offices, the typical absenteeism rate is less than 5%.  An increase in absenteeism as a result of poor 
indoor air quality of 50% would lead to an increased cost of $3-5 per square foot annually.  When 
considering the size of the facility and the cost of absenteeism, an investment for improved indoor air 
quality can be justified with a favorable payback on the investment.  If maintenance is not performed as 
required, equipment performance and occupant health can suffer (Lane 1990). 

According to the Oregon Department of Energy, an annual savings of $0.10 per square foot can be 
realized from increasing indoor air quality.  The increase in indoor air quality results in a decrease in 
complaints and time loss initiated by temperature and air quality issues.  Furthermore, productivity losses 
due to lost work time were found to be as much as $150 per square foot annually in this study.  Finally, 
the Oregon Department of Energy has determined that the cost of losing a tenant is $90,000 to $110,000 
(Kozlowski 2004). 

 

4.4.3 Impacts Of Training 
As a result of technology changes and skill specific maintenance personnel old maintenance skills are 
often not sufficient enough to effectively run a proper SM program.  Maintenance training, therefore, 
must be done out-of-house more frequently.  According to the American Society of Training and 
Development, companies spend “$30 billion annually to train employees in all areas”.  There are several 
principles involved in selecting a maintenance training program: compare the training program to a 
standard, identify contributing factors of equipment deficiencies and mitigate them prior to seeking out 
training, find specific training for areas needing improvement.  After a maintenance training program has 
been selected, the results need to be monitored to evaluate its benefit (AIPE Facilities 1992a).  It has been 
estimated that a company should spend $1,200 annually for training of supervisors and $1,000 annually 
for craftspeople.  However, if training has not occurred in the past year and a half, their skills are out of 
date and need more extensive training (Worsham 2005). 

Training not only teaches maintenance personnel how to 
operate equipment and associated controls, but teaches 
what acts will result in a negative response.  A lack of 
maintenance practices knowledge by maintenance 
personnel results in 30-50% of self-induced failures.  An 
additional 20-30% of self-induced failures come from 
maintenance personnel choosing not to follow Best 
Practices.  Over 90% of maintenance personnel covering 
various industries according to a State of Georgia study, 
lack “complete basic fundamentals of mechanical 
maintenance” (Smith 2000). 

 
Often installing new technologies is delayed 
or disregarded due to the associated 
training that would be required to operate 
the new technology.  Sometimes this occurs 
even when there will be increases in energy 
efficiency. 
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There are many opportunities to conduct training, either in-house or out-of-house.  Attending training 
should be evaluated based on need, which should outweigh the cost of the conference, travel, lodging, and 
time away from work.  As a result, it is recommended that the need for training should be determined in-
house initially and then training be sought out.  This training need will often be discovered based on a 
change from the expected or the norm.  The deviation should then be analyzed to determine if it is the 
result of poor maintenance practices or a result of conditions and contributing factors outside of 
maintenance.  If the cause is maintenance practices then training should be considered.  If it is a result of 
conditions and other contributing factors, then they need to be singled out to mitigate the factors of the 
negative change.  Even after deciding to attend training, new knowledge must be brought back and 
applied.  This often will take additional time.  As a result, training must be analyzed as a long term 
investment and not merely as a quick solution with an immediate payback. 

By considering these principals, the training selected 
will be constructive and economically beneficial 
(Bender 1992). 

Maintenance is often used as a stepping-stone to other 
positions in a facility.  This results in increased training 
costs and employee turnover.  Additionally, there has 
been a decrease in trade schools providing education in operations and maintenance and even fewer 
students attending these schools.  Moreover, there will be an increase in the shortage of maintenance staff 
over the next decade as the baby boomer generation begins to retire.  It is estimated that there will be a 
40-70% loss of maintenance personnel (Maintenance Solutions 2004).  The result is either undermanned 
maintenance departments or increased outsourcing. 

Outsourcing has taken off since Peter Drucker recommended it in 1990; however, some people still doubt 
the value of outsourcing.  Some people doubt the quality of work that outsourcing will result in; however, 
due to a lack of maintenance workers as well as suitable in-house training, outsourcing has become a 
practical alternative (Migs Damiani 1995).  When considering outsourcing, the following tasks should be 
followed52: 

 Evaluate the company 
 Evaluate the personnel 
 Visit office and jobsites 
 Clearly convey expectations 
 Identify and agree to a pricing format 
 Evaluate each potential company that passes the previous points 
  

Plant engineers and maintenance personnel can give an advantage over the company’s competitors.  As a 
result if plant engineering can be maximized.  Plant engineers can give an advantage of lower cost as well 
as that of providing a better service or product.  As a result, out-of-house maintenance should be looked 
into if it can produce a lower cost or a positive differentiation when compared to in-house maintenance.  
Maintenance items that are done well at a low cost should continue to be done in-house even if other 
maintenance tasks are being contracted out. Outsourcing can be effective to meet short-term employee 
demand increases; however, it should be a long-term decision where possible.  A long-term contract, or a 

                                                      
51 (Vondle 1990) 

52 (Migs Damiani 1995) 

“As a rule of thumb, the actual long-term cost 
of an in-house employee is 2-2.5 times the 
wages of that employee51.” 
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regular periodic contract, helps reduce the overhead and ancillary costs of outsourcing while maximizing 
the benefits available (Vondle 1990). 

When considering outsourcing, Motsett 
recommends using “Skilled Craft Support.”  Skilled 
Craft Support is defined as the “recruiting, 
screening, mobilizing and administration of 
qualified skilled craftsmen, technicians, and 
professionals who are assigned to work for and 
under the direction of a client on a ‘temporary’ 
basis”.  In short, it is the use of a contractor that can 
guarantee his people and assume the risks involved 
if the support does not meet the set requirements.  
As a result, Skilled Craft Support provides well 
managed, low risk, high maintenance performance 
while decreasing the necessary in-house 
employment levels.  Moreover, the level of 
productivity increases even as the overall cost 
decreases.  The advantages of Skilled Craft Support 
increase as the relationship between the facility and 
the contractor is continued.  When an annual or 
multi-year contract has been created, the 
administrative costs and facility specific training 
will be decreased (Motsett 1991). 

According to Brewster, “the key to successful 
contract maintenance is the establishment of a long-
term relationship between the owner and the 
contractor that will satisfy mutual goals, wherein 
both parties will prosper” (Brewster 1995).  To do 
this, the maintenance department needs to be 
selective in what is outsourced and to what 
company it is outsourced to.  The result will be a 
successful partnership that will give the facility an 
advantage its competitors. 

 

4.4.4 How To Sell O&M To Others 
How operations and maintenance is perceived 
dictates the success of the program.  If the 
perception of operations and maintenance is that of 
an overhead cost, or a necessary evil, the operations 
and maintenance program will be just that.  Instead 
of providing value, the program will contribute 

                                                      
53 (Vondle 1990) 

54 (West 2005) 

55 (Moore 2001) 

There are ten steps to contracting53: 

1. Define work functions that are candidates 
for contracting 

2. Market search for potential contractors 
3. Run a preliminary cost comparison 
4. Preparation and distribution of request for 

proposals 
5. Evaluation of proposals 
6. Final in-house versus contractor decision 
7. Selection and contract negotiation 
8. Contractor management 
9. Contract administration 
10. Contractor evaluation 

Steps to getting the maintenance team on-board 
for a new maintenance program54: 

1. educate from top to bottom 
2. benchmark where you are 
3. establish long-term goals and visions 
4. build a business case 
5. conduct a pilot program 

When purchasing new equipment, focus and 
budget for the cost of owning rather than the cost 
of buying55. 
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minimally and result in maintenance personnel running 
from problem to problem in reactive mode.  The O&M 
program will be successful, however, if the value of 
scheduled maintenance when compared to reactive 
maintenance is that of a value added service that reduces 
energy costs and equipment failure while increasing 
indoor air quality, employee comfort and the 
effectiveness of assigning personnel and providing 
increased reputation benefits.  Additionally, planned 
maintenance results in dollar savings, increased 
maintenance job satisfaction, resource conservation, 
personnel safety and environmental protection (Burns 
1992). 

Too often, maintenance managers fail to implement a SM 
program because they are too busy with emergency 
repairs.  These managers usually understand that if they 
could implement an effective SM program, they would 
not have as many of the emergencies that take time away 
from a SM program.  In the past, a SM program would 
have to be sold to the company’s top people first with a 
cost vs. benefit analysis to get approved.  It is 
recommended by Brown, that an effective SM program can be initiated one step at a time.  If the 
equipment with the highest maintenance needs and most downtime is addressed with SM, results will be 
found without significant additional investment of time or money.  To address the equipment effectively, 
a review of work orders performed on the equipment or a meeting with operations and maintenance 
personnel will help determine the root cause of the problem.  As a result, there will be fewer emergencies 
and that time saved can be used to perform SM tasks on other equipment. 

There are recommended preventive maintenance 
procedures, including inspections, adjustments, testing, 
calibrations, rebuilds and replacements.  Each procedure 
contributes to the success of a preventive maintenance 
program.  Recommendations for scheduling of preventive 
maintenance can be obtained from vendors, plant 
experience, and generic procedures from society 
organizations (Brown 2003b). 

To implement a scheduled maintenance program or any 
other O&M program, the program needs to be sold to the 
facility’s decision maker and the business case must be 
made.  To make a successful business case, lifecycle cost 
should be taken into account when evaluating projects 
and equipment costs.  Maintenance personnel should 
have some input into equipment selection and 
maintenance requirements, as they are around and 
operating the equipment all day.  By keeping a log of 

                                                      
56 (Craig 2006) quoting Hudachek and Dodd, ASME 

57 (Worsham 2005) 

Commonly Overlooked Maintenance Items 

 Air Filters 
 Not changed frequently enough (often 

not until there is a problem) 
 Frequently based on time and not 

change in pressure 
 Cleaning Coils 
 Replacing Belts prior to failure 
 Failure to Test and Balance HVAC System 
 HVAC Controls 

 No controls 
 Improperly calibrated 
 HVAC Equipment Oversizing 

 Providing more conditioned air than 
required 

 Ensuring Proper Operation of Actuators  
 Bearing Lubrication 

“Studies have shown that preventive 
maintenance (PM) improves the reliability of 
machinery and can reduce maintenance 
costs by 30 percent or more when compared 
to run-to-fail method of maintenance.56” 

 Management should follow up on 
maintenance task to show that it 
matters 

 Publicize reduced costs and increased 
uptime 

 Provide proper maintenance training57 
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maintenance issues, the simple payback can be better analyzed with downtime, maintenance 
requirements, and production numbers.  Investigating equipment history can help in determining the 
correct replacement or repair decisions for key equipment for facilities (Moore 2001). 

Metrics are difficult to determine for maintenance projects, especially long-term programs.  In order to 
determine the successfulness of the program, goals need to be set for the program and analyzed yearly to 
see if the program is meeting its purpose.  Additionally, every year, equipment failures from the previous 
year should be analyzed as to the root-cause of the failure.  This analysis should analyze each specific 
piece of equipment as well as each type of equipment to determine if a particular subcomponent is the 
cause of the problems.  The maintenance program should then be addressed and altered where applicable 
to aid in the reduction of future failures.  Similarly, the energy efficiencies of major equipment should be 
noted annually to verify optimal operation.  If efficiencies decrease significantly a failure may be 
imminent.  Furthermore, tenant or personnel complaints should be tracked by work order and analyzed to 
identify patterns (Craig 2006). 

The maintenance program should not be set according to 
the available man-hours of the maintenance personnel.  
Instead, a full program should be begun and as 
maintenance tasks occur, and a financial analysis of the 
costs vs. benefits should be used to determine what tasks 
should be reduced or cut.  Timing should be considered 
when implementing a new program or task to ensure that 
quality work can be conducted and that man-hours are spread out evenly throughout the year (Craig 
2006).  HVAC maintenance is one of the least costly maintenance programs to operate, yet still produce 
significant benefits. 

In all, the purpose of scheduled maintenance and O&M in 
general is to manage expenses.  This is done through 
decreasing equipment failures, increasing equipment life, 
energy efficiency, productivity and indoor air quality.  If 
this can be done, the maintenance program will be 
successful and the program will become a priority. 

 

                                                      
58 (Moore 2001) 

59 (West 2005) 

Research into applicable incentives offered 
by the utility company before purchasing 
equipment58. 

Use increased equipment downtime or a 
catastrophic failure to sell a scheduled 
maintenance program on reliability59. 
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5. DISCUSSION 
The following findings have been identified through the literature survey and the unstructured, 
open-ended interviews of industry experts: 

 HVAC in commercial buildings represents 42% of energy use in commercial buildings.  
This amounts to 7.4 Quads annually.  This energy usage correlates to $55 billion spent 
annually on HVAC in commercial buildings. 

 More than 55% of companies use a reactive maintenance approach for equipment 
maintenance, while less than 33% of companies use a scheduled maintenance approach. 

 The advantages of a proper scheduled maintenance program include increased equipment 
life, improved indoor air quality and productivity, and a potential energy savings of 15-20%. 

 As a result, the potential savings in commercial buildings are estimated to be 1.1-1.5 Quads 
annually, which correlates to $8-$11 billion annually. 

 Despite the advantages that scheduled maintenance programs offer building owners and 
managers, scheduled maintenance has not become a standard practice. 

 The reasons most often given for not implementing a scheduled maintenance program 
include: 

 Limited knowledge of the quantifiable benefits of a scheduled maintenance 
program. 

 Inability to clearly identify cost savings generated by a scheduled maintenance 
program. 

 Limited knowledge of how to implement a scheduled maintenance program. 
 Limited maintenance budgets and personnel time to initiate a scheduled 

maintenance program. 
It is evident that there are benefits of implementing scheduled maintenance program instead of 
operating in a reactive mode.  These benefits, however, are ignored largely due to a lack of 
empirical data quantifying the cost savings of such a program.  Furthermore, building owners and 
operators are uncertain of the payback of such an investment.  Although there is significant 
anecdotal evidence, building owners and operators have difficulty finding a building with the same 
properties of their building.  In addition to this, when a maintenance manager understands the 
benefits of a scheduled maintenance program, the challenge of making the business case often 
causes the project to fail.  Finally, the hurdles of budgetary constraints and personnel time encumber 
the chances of the successful implementation of a scheduled maintenance program.  Through market 
re-education and transformation, however, the barriers of a lack of knowledge can be overcome, the 
business case can be effectively made, and scheduled maintenance practices adopted. 
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APPENDIX A – ANNOTATED BIBLIOGRAPHY 
A1 DEFINITIONS 

A1.1 Overview 
Bos, M.H. 1994. Back-to-Basics Maintenance: Combining the Old with the New. AIPE Facilities 
(January/February):22-25. 

Proper planning, emphasizing the basics, and implementing new technologies are keys to real 
maintenance improvements.  The 1980s began the introduction of high technology into the 
maintenance profession.  This led to smart instruments that could auto-calibrate while requiring 
little maintenance.   Maintenance costs continued to climb, despite the development of smaller 
and less expensive diagnostic instruments, due to a neglect of the basics such as scheduled 
lubrication programs and effective job planning.  Many plant and facilities managers leave 
planning of maintenance to the supervisor or maintenance worker, which has resulted in 
interruptions of the job for parts, materials and equipment that were not identified ahead of time.   

Estimates for fabrication and installation of facility equipment and structures can be developed by 
keeping accurate records of the time, labor, materials and equipment required to complete the job.  
This information can then be put into a database.  Facility repair work is not adequately covered 
in these construction databases.  Most of the early computerized maintenance management 
system (CMMS) PM schedules were time or frequency-based, but many current systems 
incorporate the input from hour meters and odometers used to adjust the PM frequency.  The 
ultimate goal of any PM program is to reduce downtime.  The PM effort often comprises up to 60 
percent or more of all maintenance performed.  The CMMS programs today can facilitate the 
optimizing of PM programs.  Regular analysis of machine history can also identify candidates for 
PM.  Frequent and repetitive failures of a given machine are no longer overlooked because of the 
number of individuals or shifts that perform work.  Productive and cost-effective deployment of a 
maintenance work force is best accomplished through the use of work schedules.  Successful 
scheduling efforts also schedule for 100 percent of the maintenance work force.  Achieving 
schedule compliance of 90 percent or more is a realistic goal.   

There is an embedded article entitled CMMS: A Recession Proof Product by Rob Bloom.  
According to the article, using a computer maintenance management software system is one tool 
that can help curb the tide of rising maintenance costs.  Reducing the overall maintenance costs of 
a plant or facility by 5-15 percent per year saves “serious dollars during the best of times.”  
Companies have witnessed the savings related to decreasing inventory carrying costs, overtime 
hours and machine downtime as well as the savings associated with a more efficient maintenance 
organization. 

Jarrell, D. 1997. Completing the Last Step in O&M Cost Reduction. Pacific Northwest National 
Laboratory. Available online: http://www.pnnl.gov. Downloaded on May 1, 2005. 

The types of maintenance, from reactive to proactive approaches, are covered along with the 
benefits and projected lifecycles of the equipment associated with each approach.  A case study is 
presented, including the steps taken to adopt a proactive approach to maintenance.  Finally the 
economics for the case study are presented in order to make the economic case for proactive 
maintenance.   
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Koret, R. and D. Rhyne. 1990. Adopting Expert Systems for Plant Maintenance. AIPE Facilities 
(March/April):28-32. 

This article was written in 1990, and is considered outdated.  The technology and needs of the 
systems have changed greatly over this time.  The article generally states that technology can help 
maintenance achieve the next level of efficiencies.  Technology change has brought the plant 
maintenance industry to the threshold of a new era.  Demands for capacity, uptime, on-time zero-
defect output and minimal inventory have been driving a sweeping revision of working practices 
and management philosophies comparable in scope to the quality revolution of the seventies.  
Three maintenance disciplines – preventive, predictive and corrective – have become recognized 
as fundamental elements of sound plant management strategy.  In recent years, these disciplines 
have been supported by the emerging technology of “expert systems,” applications of the 
computer science discipline commonly known as Artificial Intelligence (AI).  Expert systems are 
by far the most successful application of AI technology. 

The benefit of expert systems is that critical expertise can be preserved and distributed among 
multiple persons and sites.  Additionally, experts are released from routine diagnostics and 
problem-solving to perform higher-level strategic tasks.  This also allows novices and lower-
skilled personnel to utilize the expert system to perform more accurately, consistently and 
efficiently.  Operator and mechanic autonomy is increased, both mean time to repair and 
catastrophic failure rates are decreased, and both mean time between failures and capacity uptime 
are increased.  Finally, maintenance costs per production unit declines with increased uptime, 
improved repair scheduling, and improved material usage. 

McKew, H. J. 1996. A Maintenance Improvement Plan. AFE Facilities Engineering (July/August):31-
33. 

Cost analysts, management consultants and displaced former facility managers are all getting into 
the act of being a third party resource to corporate management to provide that optimum balance 
between in-house labor and vendor labor.  Facility management is under the microscope of 
efficiency experts commissioned to provide cost-effective solutions to a department that has 
traditionally been perceived as a necessary evil, i.e. a cost of doing business.  Mechanical and 
electrical systems are in the forefront of corporate America’s operating budget concerns.  As a 
result, some facilities’ management groups are being replaced with outsourcing.  The key to 
outsourcing, however, is to be selective in what is outsourced.  Another result is that companies 
are reinvesting and re-engineering the current staff. 

An advocate for applying the quality process to problem solving, it has been proven that a 
standardized facility survey will provide a continuously improving audit process where the 
building owner reaps the benefits.  To receive this assistance, the facility owner will need to 
sincerely believe in the total quality management (TQM) tools, which are: data collection, data 
analysis, solution plan, solution implementation, results analysis, and standardize the process. 

The next key to the maintenance improvement plan is to design the improvement plan.  This 
includes the evaluation of energy costs, in-house labor costs, vendor costs, building automation 
systems, and work order systems.  The complete remedy for correcting facilities management 
deficiencies lies within a comprehensive department audit. 
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Smith Jr. B. D. 1995. Benchmarking and Maintenance Management Systems. AIPE Facilities 
(September/October):75-78. 

Both benchmarking and maintenance management systems design should be conducted within 
the context of a long-term strategy for maintenance improvement.  The benchmarking process for 
maintenance management improvement requires good data from an effective maintenance 
management system.  Reports of downsizing, re-engineering and even reinventing business fill 
the pages of newspapers, business magazines, trade journals and other publications.  Competition 
for sales worldwide exerts great pressure on profit margins, which can only be relieved by 
increasing prices or reducing costs.   

Maintenance is a cost that is not well understood, as well as being an investment, an essential 
expense that ensures the long-term reliability and availability of operating equipment and the 
associated infrastructure.  The basic purpose of a maintenance management system is to provide 
the maintenance manager a means for measuring and controlling the maintenance functions.  The 
maintenance management system develops benchmark information from operating data and helps 
the maintenance manager determine where improvements are needed.  One of the first steps in 
benchmarking is to conduct a thorough assessment of the area to be benchmarked.  Benchmarks 
can only be compared accurately if they are measured from the same baselines.  Benchmarks may 
be used for internal or external comparison and require time and effort.  Internal benchmarks can 
reveal improvements in maintenance operations over time.  External benchmarking can be 
beneficial as a comparison to other companies.   

Many managers would like to use industry standards for evaluating their operations.  Professional 
societies have established industry standards for material procurement and testing specifications.    
The benchmarking process for maintenance management improvement requires good data from 
an effective maintenance management system.  Both benchmarking and maintenance 
management system design should be conducted within the context of a long-term strategy for 
maintenance improvement. 

Sullivan G., R. Pugh, A. P. Melendez and W. D. Hunt. 2004. Operations & Maintenance Best 
Practices: A Guide to Achieving Operational Efficiency Release 2.0. U.S. Department of Energy. 
Available online: http://www.eere.energy.gov/femp/pdfs/omguide_complete.pdf. Downloaded 
on May 1, 2005. 
The types of maintenance programs are outlined with statistics on the use of each type of maintenance 
program.  The benefits and risks are presented for comparison of each type of maintenance program: 
reactive, preventive, predictive, and reliability-centered.  The following steps are suggested to begin a 
proactive maintenance program: 1) develop master equipment list, 2) prioritize the list based on 
importance of equipment, 3) assign components into logical groups, 4) determine the type and number of 
maintenance activities required and schedule, 5) assess the size of the maintenance staff, 6) identify tasks 
that may be performed by operations maintenance staff, 7) analyze equipment failure modes and effects, 
and 8) identify effective maintenance tasks or mitigation strategies.  
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A1.2 Reactive Maintenance 
Mendelbaum, G. B. 1994. The Growing Cost of Deferred Maintenance. AIPE Facilities 
(September/October):22-26. 

By deferring maintenance, a company is putting its ability to meet global competition at risk, 
quite possibly a fatal mistake.  In the future, when visionary companies formulate their strategies, 
the capabilities and needs of the factory will be important components. 

When most manufacturing companies formulate their strategies, they include components for 
marketing, finance, manufacturing and other key elements of business.  Rarely is maintenance 
viewed as a strategic issue on par with deploying a sales force or managing the product portfolio.  
Success in the new global market will require a maintenance strategy that is linked to and 
supportive of overall business and manufacturing strategies.  A recent study identified six critical 
success factors for global competitiveness: quality, customer service, flexibility, technological 
leadership, price/cost leadership, and global readiness. 

Many manufacturers view maintenance of their plant and equipment as a necessary evil.  There 
are many factors that determine the level of appropriate maintenance activity, the most important 
of which are the company’s industry and the present facility’s age and condition.  Deferred 
maintenance should be looked at as either a “pay me now or pay me more later” attitude or as a 
“pay me now or go out of business later” attitude.  There are several elements associated with an 
effective maintenance program. First is a direct linkage with the company’s business strategy and 
the associated manufacturing strategy.  The next major step is the development of tactics to 
support closing the high leverage gaps. 

U.S. Department of Energy. 2005c. Reactive Maintenance. FEMP Operations and Maintenance. 
Available online: http://www.eere.energy.gov/femp. Downloaded on May 1, 2005. 

There is no structured maintenance program with reactive maintenance, in which equipment runs 
until it breaks.  Nothing is done to prevent equipment failure or extend the life of equipment.  
However, reactive maintenance is the most prevalent form of operations and maintenance in the 
U.S.  While it has lower initial costs and requires fewer staff, the downtime, equipment 
replacement costs and labor costs can be significant. Additionally, when one piece of equipment 
fails, then it may cause other related or dependent equipment to fail.   
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A1.3 Preventive/Scheduled Maintenance 
Brewster, J. D. 1995. Simplifying the Myths about Contract Maintenance. AIPE Facilities 
(March/April):43-48. 

In discussing the challenging issue of outsourcing, some experts have suggested that an 
increasing number of organizations are pursuing the notion that they must use third party services 
in all facets of the company, except for their core businesses.  This concept derives from the need 
to reduce payroll and benefits.  The decision to outsource, especially maintenance outsourcing, 
should not be justified merely on reduced labor rates.  Companies should be developing a 
maintenance strategy, a component of which is outsourcing.  The key to successful contract 
maintenance is the establishment of a long-term relationship between the owner and the 
contractor that will satisfy mutual goals, wherein both parties will prosper.  Maintenance by 
contract is based on the premise that the company that constructed the complex can also maintain 
it.  Maintenance by contract is the leasing or provision of skilled craftsmen or technically skilled 
professional personnel and expertise, on an as-required basis, for temporary or seasonal level 
changes in activity, such as shutdowns, modifications, outages or ongoing, routine or specialty 
type plant maintenance requirements. 

The article includes an embedded article entitled Performance Contracting: An Energy Savings 
Approach to Facilities Management by Tracy Southers.  The article states that performance 
contracting is becoming an increasingly popular energy savings program for all types of facilities.  
The purpose is to provide an environment suitable for the tasks the building’s occupants perform.  
These companies are spending more on utility bills and maintenance personnel with little benefit.  
A performance contract offers facility engineers and managers a means to an energy efficient end.  
Through a performance contract, energy conservation measures are installed without any upfront 
cash expenditures.  These projects pay for the contract over their life cycle.  The steps to a 
successful performance contract are: feasibility assessment, preliminary energy audit, detailed 
energy audit, project installation, and performance assurance support services. 

The article contains a second embedded article entitled Maintenance Management Through 
Outsourcing by Edward N. Bradshaw, CPE.  Outsourcing began as a means to get jobs done that 
in-house staff did not want to perform.  More recently, companies have recognized the need to 
focus and concentrate on their core business activities and as a result they have outsourced 
traditional in-house maintenance responsibilities.  Today there are new professional maintenance 
companies that specialize in performing and supporting total plant maintenance.  There have been 
recent changes in maintenance including stagnant workforce, lack of multi-skilled employees, 
poor training, lack of adaptability, and improper planning and scheduling of maintenance 
activities.  The result is that a professional contract service provider is used to supplement the 
maintenance team.  The objective in the transition process is not to discard the existing 
employees, but rather to maintain the best people with the opportunity to add fresh skills to the 
workforce.  A long-term commitment to quality and efficiency will lead the way to get over the 
minor hurdles of outsourcing and provide the bridge to having maintenance receive the attention 
it deserves and needs. 

Building Owners and Managers Association. 1996. How to Design and Manage Your Preventive 
Maintenance Program. Available online: http://www.boma.org. Downloaded on May 1, 2005. 

This book is the result of the Building Owners and Managers Association’s (BOMA’s) systems 
maintenance survey.  It will help maintenance personnel develop a plan to effectively manage and 
maintain a building’s systems.  Included are suggested standards for time and frequency needed 
for maintenance, and a table listing average useful life for various building systems. 
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Building Owners and Managers Association. 2003. Preventive Maintenance and Building 
Operation Efficiency. Available online: http://www.boma.org. Downloaded on May 1, 2005. 

Cutting the cost and improving the operating efficiency of a commercial building over the long 
term is a goal that owners and managers have been striving to achieve for many years.  A revision 
of BOMA’s 1996 How to Design and Manage Your Preventive Maintenance Program, this book 
has new insights to the important area of operating efficiency as well as a total update in the latest 
technologies in preventive maintenance. 

This edition provides a comprehensive overview of maintenance practices and tools to assist 
property/facility managers in creating, managing, monitoring and improving their preventive 
maintenance program.  The guide also covers: how to establish a preventive maintenance 
program, staffing and time requirements of a PM program, manual record keeping vs. CMMS, 
expected useful life of building systems, and industry standard preventive maintenance tasks and 
tools. 

Burns, B. M. 1993. Total Planned Quality Maintenance. AIPE Facilities (July/August):22-24. 
Total planned quality maintenance, (TPQM), is a management concept that addresses the 
programmatic and technical aspects of maintenance.  TPQM addresses the entire maintenance 
function, provides a quality system for developing and operating maintenance, and is technically 
founded on engineering principles.  TPQM is an approach that defines and integrates the 
maintenance function that results in high quality standards, safety, equipment reliability, and cost 
effective resource management.  TPQM is a framework and guideline for maintenance 
management.  It is the integration of the following elements of maintenance: management and 
organization to provide the structure and strength; configuration management to manage the 
equipment and documentation; logistic support to aide maintenance; measures of effectiveness; 
work control including scheduling, planning and execution; maintenance management 
information system; maintenance tasks–defining and accomplishing preventive, predictive, 
corrective and inactive maintenance tasks; technical documentation; maintenance engineering 
which is the technical resources; and personnel including training.  TPQM is short is a means to 
plan, do, check and adjust.  The goals of TPQM are high standards for equipment reliability and 
plant availability, cost effective maintenance and resource management through life cycle 
maintenance.  The key difference between TPQM and total planned maintenance (TPM) is the 
degree of emphasis placed on attitude by TPM.  TPQM cannot wait for everyone to feel good 
about maintenance. 

CMMS Roundtable. 1992. Maintenance Management. AIPE Facilities (July/August):27-33. 
This article is an idea-exchange for creative solutions to work order requests, inventory control 
and preventive maintenance problems.  Since its introduction, the computerized maintenance 
management systems has transformed the maintenance and operation of plants as well as 
commercial and institutional facilities.  Although it takes between six months to several years to 
fully implement, the effects are felt almost immediately.  These advantages include: decreasing 
the number of emergency breakdown work orders, labor tracking improvements, equipment 
uptime increases, and improved customer service leading to stronger partnership with other 
departments.  The article is a roundtable of fifteen engineers using different CMMS packages.  
They each discuss the adopted systems in general terms. 
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Feit, E. 1991. Preventive Maintenance Programs that Work. AIPE Facilities (March/April):20-22. 
This article details one facility’s success stories, where innovative maintenance is an integral part 
of the profit picture.  The success of the company’s predictive maintenance program comes from 
preventive and predictive maintenance techniques.  The plant’s run efficiency over the life of the 
program (15 years) has increased from 85 to 99%.  Vibration analysis has impacted plant 
productivity by decreasing unscheduled repairs from 33% to 3-4%. 

At the Allied Signal plant in Chesterfield, predictive maintenance is of utmost importance in 
maintaining the reputation for quality and delivery.  Predictive maintenance helps improve 
production, adjust the process and minimize downtime.  The Chesterfield plant’s predictive 
maintenance program includes infrared thermography, dye penetrant analysis, ultrasonic scanning 
and oil analysis.  Motor current analysis is done out of house.  This includes monitoring and 
manual checking of motors during shutdown.  Additionally, vibration analysis is the cornerstone 
of the predictive maintenance program.  Four technicians are dedicated to collecting and 
analyzing data.  Some of the greatest savings from the predictive maintenance program is that 
from fans, blowers and centrifugal compressors. 

Ginder, A. P. and C. J. Robinson. 1994a. The Seven Steps of Autonomous Maintenance: Part 1. 
AIPE Facilities (May/June):19-21. 

Self-managing groups following the steps of autonomous maintenance can ensure optimal 
equipment performance.  Autonomous maintenance consists of seven steps: initial cleaning, 
preventive cleaning measures, development of cleaning and lubrication standards, general 
inspection, autonomous inspection, process discipline and independent autonomous maintenance.  

Autonomous maintenance steps are designed not only to maintain equipment, but also to establish 
a more conductive atmosphere for improving equipment performance.  These steps will also 
increase production operators’ awareness of their equipment and environment, which will 
increase operator ownership and responsibility.  The initial cleaning phase has short-term value 
by itself, but a long-term impact requires successful implementation of the remaining autonomous 
maintenance activities.  Initial cleaning provides personnel a greater understanding of their 
equipment and uncovers hidden defects.  Preventative cleaning measures are designed to engineer 
a solution for maintaining cleanliness as opposed to a periodic cleaning overhaul.  Preventive 
cleaning measures not only clean the machines and work areas but also identify the sources of 
contaminations and mitigate them.  Preventive cleaning provides identification, isolation and 
control of the three main types of equipment contamination: leaks, process excess and external 
environments.  Several other process contaminants can be controlled by establishing firm 
preventive cleaning measures.  This excess can be controlled by identifying the source, measuring 
the amount of excess, measuring the direction of movement of the scrap and designing a 
controlling mechanism which absorbs the process excess or redirects it to an appropriate removal 
vehicle.  Cleaning and lubrication is the next step in maintaining a clean and efficient system; a 
better than new condition should be the goal of the maintenance team.    Cleaning and lubrication 
standards are group-developed methods for combining cleanliness inspections and lubrication 
checks, so that both can be performed together in a foolproof manner. 

Ginder, A. P. and C. J. Robinson. 1994b. The Seven Steps of Autonomous Maintenance: Part 2. 
AIPE Facilities (July/August):43-46. 

Self-managing groups following the steps of autonomous maintenance can ensure optimal 
equipment performance.  Autonomous maintenance consists of seven steps: initial cleaning, 
preventive cleaning measures, development of cleaning and lubrication standards, general 
inspection, autonomous inspection, process discipline and independent autonomous maintenance.  
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These steps are designed, not only to maintain equipment, but also to establish a more conductive 
atmosphere for improving equipment performance.  These steps will also increase production 
operators’ awareness of their equipment and environment, which will increase operator 
ownership and responsibility. 

General inspection goes beyond the inspection entailed in the cleaning and lubrication step of 
autonomous maintenance.  The additional inspections and adjustments can be grouped into an all-
inclusive category called general inspections, which includes minor calibrations, adjustments, and 
replacement of worn parts.   Autonomous inspection is the actual transfer of responsibility for 
equipment inspection.  This can only be accomplished if the cleaning, lubricating and inspection 
standards are institutionalized and the operators are properly trained.  Process discipline involves 
reducing set-up times, decreasing manufacturing cycle types, standardizing procedures for 
handling raw material, reducing work-in-progress and instituting visual control and inspection 
methods.  Process discipline takes autonomous maintenance beyond equipment managers and 
addresses improvement in all functions of the plant. 

Independent autonomous maintenance is the point at which the autonomous maintenance process 
becomes self-sustaining.  This is where external forces are no longer needed to drive the pursuit 
of the concept of zero.  At this point, small groups are capable of self-managing their continuous 
improvement activities. 

IDCON, Inc. 2005. Optimize Your Preventive Maintenance. Available online: 
http://www.idcon.com/article-optimize.htm. Downloaded on May 1, 2005. 

Though a facility may have adopted a preventive maintenance program, they are often set up in 
an inefficient manner.  Equipment is often shut down for routine maintenance, rather than an on-
the-run inspection, because that was the way it was always done.  An additional issue is when 
separate preventive maintenance programs are set up for mechanical, electrical, instrumentation, 
and lubrication inspections, which can lead to duplication of work.   

All preventive maintenance activities should be compiled under each piece of equipment and 
displayed.  Then a filtering of maintenance activities can take place.  Preventive maintenance 
tasks should be prioritized as to what and when maintenance needs to be completed.  It must be 
determined if inspections can be done on the run or if equipment must be shut down.  If 
inspections can be done while the equipment is in operation, time during shutdowns can be 
reduced.   

Oppenheimer, S. 1996. An Ounce of Prevention—Designing and Managing a Preventive 
Maintenance Program. Building Owners and Managers Association. February. Available online: 
http://www.bomacanada.org/ProductsAndResearch/PropertyManagement/AnOunceofPreventio
nDesigningandManagingaPreventiveMaintenanceProgram.htm. Downloaded on May 1, 2005. 

With the average replacement cost of many common building elements running as high as 
$100,000, developing an effective preventive maintenance program has become a necessity.  
BOMA has introduced How to Design and Manage Your Preventive Maintenance Program, 
which is a step-by-step guidebook on how to set an optimum preventive maintenance schedule. 

The guidebook is a result of three extensive surveys and input from hundreds of industry 
professionals.  The book sets focus on the steps to designing a preventive maintenance plan, 
understanding current maintenance practices, utilizing the BOMA system, scheduling 
maintenance frequency and realizing a systems’ average useful life. 
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Palarchio, G. 2001. Why PM Programs Do Not Significantly Reduce Reactive Maintenance. 
Maintenance Technology (June). 

There are problems with preventive maintenance programs and their use in maintaining 
equipment.  The maintenance remains reactive rather than preventive.  By maintaining equipment 
on a scheduled basis, facilities were inducing failures into the equipment, resulting in high failure 
probability when the equipment is new.  Six different equipment failure patterns have been 
identified, of which three are age related.  The other three follow random failure patterns with no 
relationship to age, and can account for 80 percent of equipment failures.  The key to avoiding 
these non-age related failures is to monitor equipment for key indicators: vibration, hot-spots, 
leaks, cracks, etc.   

Peters, R. W. 1996. Bar Coding Strategies to Support Maintenance. AIPE Facilities (September 
/October):49-53. 

Implementing a bar coding system improves labor productivity, but the key benefit is having 
accurate reliable and timely maintenance data.  The purpose of this article is to help create an 
understanding of bar coding for maintenance management. 

Bar coding is becoming as necessary to maintenance and materials management operations as 
vibration analysis equipment is to predictive maintenance and continuous reliability 
improvement. Automatic identification technology offers progressive maintenance leaders 
another important tool that collects accurate and timely maintenance-related information to 
manage and lead mission-essential maintenance operations.  Bar coding will increase bar coding 
labor productivity in collecting data and increase the accuracy, reliability and timeliness of data 
collection.  Bar coding should not be implemented on top of an existing system, as either 
inaccuracies will not be fixed or the full benefits of the bar coding will not be realized.  Strategic 
planning needs to consider the long-term as opposed to the short-term.  When considering the 
new bar coding system, the current system needs to be quantified along with its capabilities and 
maintenance needs.  To maximize the potential maintenance investment, the following four steps 
need to be accomplished: determine the alternatives for implementation of automatic 
identification, calculate the quantitative and qualitative impact of these alternatives, decide on the 
best option for the specific application at hand and choose the best way to pursue system 
implementation. 

There is an additional case study in the article entitled Successful Use of Bar Codes with 
Maintenance Systems by Ferdinand C. Sasse.  This article is a personal account of how the author 
has implemented a bar coding system at his facility. 

U.S. Department of Energy. 2005b. Preventive Maintenance. FEMP Operations and Maintenance. 
Available online: http://www.eere.energy.gov/femp. Downloaded on May 1, 2005. 

Preventive maintenance occurs on a scheduled basis, either by run-time hours of equipment or by 
time-based.  Preventive maintenance extends the life cycle of equipment through routine 
maintenance as a means to reduce downtime and equipment failure.  Some studies indicate that 
12-18% savings can be achieved with preventive maintenance over a no-maintenance program.  
Though not the optimum maintenance strategy, it does have benefits in terms of scheduling and 
cost effectiveness with capital intensive equipment.  It does, however, take additional labor to 
carry out maintenance on equipment that may not necessarily require it.   
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Worsham, W. C. 2005. Is Preventive Maintenance Necessary? Maintenance World. Available 
online: http://www.maintenanceworld.com/Articles/worshamw/ispreventive.html. Downloaded 
on May 1, 2005. 

The benefits and risks of preventive maintenance are addressed so that facilities can determine if 
a preventive maintenance program will work for them.  A preventive maintenance program 
includes non-destructive testing, periodic inspection, preplanned maintenance, and maintenance 
to correct deficiencies found in testing.  Scheduling and execution are the key aspects to a 
successful program.  Scheduling should be as automated as possible, with priorities given to 
monitor the schedule and ensure that the work is completed as defined.  Through proper 
preventive maintenance execution and motivation of maintenance workers, a successful 
preventive maintenance program can be achieved.   

A1.4 Predictive Maintenance 
AFE Facilities Engineering. 1996. Guide to Predictive Maintenance. Product/Service Review 
(September/October). 

This is the Association for Facilities Engineering (AFE) Journal’s biannual review of predictive 
maintenance.  Currently the emphasis of predictive maintenance is on doing a better job at 
preventive maintenance by taking care of equipment up front to prevent failure. 

The biannual review portrays the progress and trends in hardware, software and contracted 
services, from vibration and thermographic analysis to oil and ultrasonic testing procedures.  This 
review is to advise maintenance staffs to check everything.  This article presents companies that 
offer a variety of services to compliment the predictive maintenance programs that partook in a 
survey.  These services vary from training in use of the product to analysis services and 
consulting.  The user should include both short and long term planning in predictive maintenance 
programs.  There needs to be a balance of the technology purchased and the resources dedicated 
to use them.  The two need to be at equivalent levels to be successful. 

AIPE Facilities. 1992b. Guide to Predictive Maintenance Products/Services. Product/Service 
Review (November/December):43-48. 

This article is a comparison of predictive maintenance hardware, software and contract service 
companies.  The article contains a wealth of information on individual companies but lacks 
general information. 
Predictive maintenance programs are in place to improve the bottom-line productivity for all 
types of facilities.  Predictive maintenance has grown in popularity; nearly 63% of engineers have 
used at predictive maintenance in their facility at some time.  According to an American Institute 
of Plant Engineers (AIPE) survey, predictive maintenance should continue to gain popularity.  
One of the reasons that predictive maintenance has gained popularity is the ability for the 
hardware and software to interface.  This allows for easier data collection as well as immediate 
notification of alarms.  The next five pages are tables explaining the details of several companies’ 
predictive maintenance programs. 

Brown, M. 2003a. Applying the Predictive Approach. New Standard Institute, Inc.  
The predictive maintenance approach is defined and the cycle of predictive maintenance shown 
when a new piece of equipment is added.  With predictive maintenance there are certain 
parameters that are measured periodically for analysis.  A large number of equipment failures can 
be predicted with this type of maintenance program.  The spectrum of predictive maintenance is 
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provided in table form in the article.  Limits need to be defined in which the equipment operates.  
This creates a baseline of sorts of operating conditions for the equipment. 

Charles, H. and D. Bilger. 1994. Saturn’s Commitment to World Class Maintenance. AIPE Facilities 
(September/October):17-19. 

Saturn Corporation was the effort of General Motors to regain lost market shares by including 
new technology and the use of a new labor/management relationship.  Saturn founders developed 
a universally beneficial written philosophy as part of a 28 page “Memorandum of Agreement.”  
This philosophy created an atmosphere of mutual trust and respect, recognizing and utilizing 
individual expertise and knowledge in innovative ways.  Every new employee owns a copy of this 
memo to aid in sharing the direction and mission of the company.  Through this philosophy, 
Saturn has been able to empower teams to run their own business.  These teams are responsible 
for the “30 Work Unit Functions.”  Saturn does not have a traditional hierarchical organization.  
The structure used for decision-making is significantly different than the norm.  Each team is 
comprised of equal members with one member being elected to a three-year term as the work unit 
counselor.   

At Saturn, a portion of everyone’s wages is dependent upon the corporation’s success.  Therefore 
all departments are interrelated in an effort to increase pay.  A comprehensive predictive 
maintenance strategy was therefore introduced, which consists of preventive and predictive 
maintenance.  Daily logs and computer programs track maintenance related downtime.  Recurring 
issues are identified and reported, with mandatory problem solving reports for any major 
occurrence.  Maintenance teams track their preventive/predictive maintenance completion rates, 
equipment histories, corrective projects, discretionary change work, overtime and performance to 
budget.  By using benchmarking, maintenance can reduce costs by predicting failures. 

Hamilton, D. W. 1996. Selection and Implementation of a CMMS. AFE Facilities Engineering 
(March/April):61-64. 

Understanding the pros and cons of purchasing a CMMS and the steps involved in its integration 
are integral to a successful maintenance strategy.  The pros are functionality, performance, 
installation, user groups and training.  The cons are support, implementation, resources, 
justification, and documentation. 

Improvements in manufacturing and logistics during the past decade have made factories more 
flexible and supply chain activities more integrated.  As a result, maintenance managers have had 
to keep their facilities’ equipment and processes even more reliable.  The purpose of a CMMS is 
twofold: to hold and manage the flow of maintenance management information, and to be the 
enabler of process improvement initiatives.  System functionality ranges from basic to expert.  
The pros are functionality, performance, installation, user groups and training.  The cons are 
support, implementation, resources, justification, and documentation.  There are six steps to 
follow when developing and integrating a CMMS: assessment, requirements definition, search, 
evaluation, selection and implementation.   

Mann, G. and D. Shreve. 1991. On-Line Surveillance Systems for Vibration Analysis. AIPE Facilities 
(November/December):39-41. 

Predictive maintenance has become standard in many plants.  Most of these plants rely on 
vibration analysis technology for their predictive maintenance programs.  This vibration analysis 
is normally completed with portable equipment operated by maintenance personnel that walk 
around the plant.  This method is time consuming and labor intensive.  Online surveillance is the 
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alternative to this.  Online surveillance uses computer-monitoring systems that are specifically 
designed for critical equipment. 

Online systems can reduce the errors of the maintenance personnel in their data collection and 
can obtain regular data for hard to reach areas and hazardous areas.  Another advantage of the 
online system is that data can be more frequently obtained so as to detect problems earlier and 
mitigate them.  An online system requires the installation of permanent transducers with cables 
connecting to a central junction box accessible to maintenance personnel.  Data collection and 
processing equipment can then be installed to check data and relay it back to a central computer.  
This allows for personnel to access data such as trending, alarms, time to alarms and action 
reports.  An online system’s benefits, such as reduced labor time, can justify the costs of a 
surveillance system. 

Mobley, R. K. 1992. Predictive Maintenance: The Next Generation. AIPE Facilities 
(September/October):39-43. 

Predictive maintenance is perhaps the most misunderstood of all the plant performance 
improvement tools.  The perception is that predictive maintenance is exclusively a maintenance 
scheduling tool that uses vibration, infrared or lubricating oil analysis data to determine the need 
for corrective maintenance actions.  Because of this perception, reactive maintenance instead of 
proactive maintenance has remained the primary style of maintenance.  These programs have 
resulted in a reduction of delays caused by breakdowns, but in most cases, have not led to marked 
decreases in total maintenance costs or increased overall plant performance.  The causes of the 
predominance of reactive maintenance are a result of management philosophy, limitations of 
predictive maintenance technology and improper use of predictive technologies.  Most predictive 
maintenance programs have failed to achieve a marked improvement because of the breakdown 
mentality of many plants.  High maintenance costs are the direct result of inherent problems 
throughout the plant, not just an ineffective maintenance function.  Improper operation, poor 
design and outdated management methods contribute more to high production and maintenance 
costs than do delays caused by catastrophic failure of critical machinery. 

Predictive technologies being used improperly are another factor in the failure of predictive 
maintenance to overcome reactive maintenance.  Failure to correctly use the maintenance tools 
often results in inefficient practices and lack of achieving the benefits of predictive maintenance.  
Predictive maintenance must provide the timely, factual data required to identify and correct 
incipient plant problems.  Optimum application of predictive maintenance is not limited to the 
detection of simple mechanical or electrical failure modes within critical plant systems.  Instead, 
the program is used to isolate any factor than can affect product quality, capacity factor, 
availability, maintenance costs, production costs and a multitude of other factors affecting overall 
plant performance. 

In general, evaluation of traditional predictive maintenance programs implemented over the past 
ten years indicate that a return on investment of between 5:1 and 10:1 is the most that can be 
expected.  This level of return is not enough to justify the investment for most plants.  However, 
when included as part of a total plant improvement program, the derived benefits increase and the 
return on investment reaches 25:1. 

MRO Today. 2005. Predicting Maintenance Here and Now. Available online: 
http://www.mrotoday.com/mro/archives/exclusives/PredictingMaintenance.htm. Downloaded 
on May 1, 2005. 

Predictive software can be a powerful tool in predictive maintenance programs.  Software can 
instantly analyze and interpret vibration data to deliver integrated and prioritized information.  
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The tools and software can be used for periodic or continuous monitoring of equipment.  When 
using it for continuous monitoring, maintenance personnel can keep a close eye on equipment 
operation and detect any problems early on.  The software can be set up for remote monitoring to 
manage several facilities.  These predictive maintenance programs allow for increased uptime, 
energy savings and reduced maintenance costs.   

U.S. Department of Energy. 2005a. Predictive Maintenance. FEMP Operations and Maintenance. 
Available online: http://www.eere.energy.gov/femp. Downloaded on May 1, 2005. 

The goal of predictive maintenance is to predict the onset of equipment degradation or failure.  
The condition of the equipment is taken into account rather than what is scheduled regardless of 
the equipment status.  PdM can reduce the cost of maintenance by performing upkeep only when 
the equipment needs it, while maintaining the equipment in optimum shape for performance. 
There are energy and cost savings associated with PdM; however the equipment and personnel 
training required can be costly.   

A1.5 Reliability-Centered Maintenance 
Moore, R. 1995b. Reliability and Process Safety Management. AIPE Facilities 
(September/October):66-68. 

Process safety management, (PSM), is critical to the success of companies that have hazardous 
materials on site.  Ensuring mechanical integrity is a natural consequence of adopting good 
reliability and maintenance practices.  The objective of the mechanical integrity program is to 
eliminate catastrophic releases of hazardous materials and safety related incidents.  With this in 
mind, running equipment to failure is not adequate.  A proactive approach is required instead.  
Studies, however, show that most companies operate in a reactive mode.   

The application of a reliability strategy for maintenance includes the integration of a preventive or 
interval-based maintenance, predictive or condition-based maintenance, proactive or root cause-
based maintenance, and effective maintenance and reliability-training program.  No single mode 
is sufficient to maximize mechanical integrity.  When combined, they maximize the opportunity 
for ensuring mechanical integrity and reliability equipment operation.  Process safety 
management and attendant mechanical integrity requirements are more readily achievable 
through the comprehensive application of a CMMS.  A CMMS is capable of storing data, 
managing equipment, schedule inspections and tests, and interface to stores and vendors.  Failure 
data dictates that few machines are average and thus a mean-time-between-failure can be 
misleading and can lead to over-maintaining or under maintaining of the equipment.   

Morton, D. A. 1994. Reliability-Centered Maintenance: The Wave of the Present. AIPE Facilities 
(September/October):27-31.Summary 

Reliability-centered maintenance is a new way of thinking about equipment maintenance.  It is a 
combination of techniques of reactive maintenance, preventive maintenance, predictive 
maintenance and proactive maintenance.  Reactive maintenance is ineffective when important 
equipment fails, or when backup parts are not readily available.  As a result, reactive maintenance 
is used for small items, non-critical equipment, redundant or unlikely to fail units, and 
inconsequential equipment.  Preventive maintenance consists of regularly scheduled inspections, 
adjustments, cleaning, lubrication, parts replacement, calibration and minor repair.  Reactive 
maintenance is ideal for equipment that is subject to wearing out and consumable replacement 
equipment.  Preventive maintenance is time-driven maintenance that is based on the belief that 
the overhaul of equipment by disassembly and replacement of worn parts will result in a like-new 
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condition without harmful effects.  According to the Department of Defense, over two-thirds of 
equipment experiences a high failure probability when the equipment is new.  Most of the rest of 
equipment experiences uniform failure, initial increase and then level off, or a gradual rise and no 
wear out age form of failure trends.  As a result of these various trends, failure is more random 
than was thought in the past and therefore, it is not realistic to pick a time to conduct periodic 
maintenance.   

Predictive maintenance uses technology to assess machinery condition.  This is a condition-based 
maintenance.  These technologies include vibration analysis, thermography, ultrasonics, lubricant 
and wear particle analysis, and electrical condition monitoring.  The results of these analyses are 
trends, patterns, comparisons, tests and correlations that can be used to determine when failure 
will be expected.  Proactive maintenance uses feedback to ensure that changes are rapidly made 
available, employing life-cycle to maintenance, employing continuous improvement processes, 
and optimizing and tailoring maintenance technology to each application.  Proactive maintenance 
improves maintenance by employing five specific techniques to extend equipment life: 
specifications for new/rebuilt equipment; precision rebuild and installation; root-cause failure 
analysis; reliability engineering; and rebuild certification/verification.  Information on each of 
these is presented in the article. 

Reliability-centered maintenance analysis consists of asking the right questions about each item 
of plant equipment.  The benefits of reliability-centered maintenance are increased reliability, 
reduced costs, improved scheduling, increased efficiency and productivity, and parts/spares 
inventory reduction.  The result of all of this is a reduction in maintenance costs by 20-30 percent, 
providing a critical competitive advantage.  The true measure of effectiveness of a program such 
as reliability-centered maintenance, or for that matter preventive, predictive or proactive 
maintenance, should be the number of problems discovered and failures avoided. 

Plucknette, D. J. 2005. How to perform RCM in a reactive maintenance culture. Available online: 
http://www.mrotoday.com/mro/archives/exclusives/RCM.htm. Downloaded on May 1, 2005. 

It is difficult to get companies to change from reactive maintenance and adopt reliability-centered 
maintenance programs.  There are always excuses, however if a company wants to change, the 
payoffs are in reduced operating and maintenance costs.  Suggestions for encouraging the use of 
reliability-centered maintenance include posting reports of monthly maintenance costs for the 
company to show the high cost and unpredictability of maintenance costs in a reactive 
maintenance program.  The steps to adopt a reliability-centered maintenance program are: 1) 
measure, 2) plan and educate, 3) train, 4) perform, 5) report, and 6) audit and track results.  Once 
success has been shown, it should be easy to continue a reliability-centered maintenance program. 

U.S. Department of Energy. 2005d. Reliability Centered Maintenance. FEMP Operations and 
Maintenance. Available online: http://www.eere.energy.gov/femp. Downloaded on May 1, 2005. 

Reliability-centered maintenance prioritizes equipment based on the probability that a piece of 
equipment will fail and its relative importance.  RCM is similar to predictive maintenance in that 
it is focused on the utilization of equipment.  This type of maintenance program has the potential 
to be the most cost effective, reducing the number of complete failures while eliminating 
unnecessary equipment maintenance.   

West, J. 2005. Winning Top to Bottom Support for Reliability-Based Maintenance. Maintenance 
Technology (May). 

Five practical steps for getting the maintenance team on board for adoption of reliability-based 
maintenance are presented.  They are:  educate from top to bottom; benchmark where you are; 
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establish long-term goals and visions; build a business case; and conduct a pilot program.  Once 
completed, there is buy-in from the staff from the top to the bottom, the knowledge, and the 
training to move ahead with reliability-based maintenance.  

Wheaton, R. 1996. The Components of Reliability. AFE Facilities Engineering (July/August):11-15. 
Equipment reliability can generally be approached in three arenas: preventive maintenance, 
predictive maintenance and proactive maintenance.  Assuming that some basic preventive tasks 
are being accomplished, the logical starting point is predictive maintenance.  The first place to 
start is vibration monitoring and analysis.  Along with the vibration monitoring, a lubrication 
effort should be implemented.  To approach the initial commitment problem, it may be best to 
wait for a catastrophic failure and use the costs of it to justify the cost of initial predictive efforts.  
Another approach is to look at the percentage of unscheduled downtime to the total equipment 
available.  The more a plant uses reliability, the lower the avoided unscheduled downtime savings 
will be.  This makes it important to try to envision what equipment is needed and obtained prior 
to downtime.  Some of the reasons for the decline in the amount of work generated by the 
predictive effort are improved maintenance practices that result from increased awareness of the 
importance of the little things, the fact that someone will take vibration readings on the equipment 
after it is repaired to determine the quality of the work, improvements in alignment and 
balancing, and equipment modifications that extend the mean time between repair and 
elimination of some of the repetitive problems. 

Preventive maintenance can be approached in two areas: the care and feeding of the equipment 
and the required tasking of the equipment.  A preventive maintenance effort will require 
significant time and resources to set up and perform.  Some of the required resources that will be 
utilized will result in the reduction in reactive maintenance.  The maintenance program should 
also be dynamic. 

A1.6 Continuous commissioning™ 

Culp, C. H., W. D. Turner, D. E. Claridge, and J. S. Haberl. Continuous CommissioningTM in Energy 
Conservation Programs. Energy Systems Laboratory, Texas Engineering Experiment Station, Texas 
A&M University. 

This paper discusses the advantages of incorporating continuous commissioning™ using 
independent hourly metering, monitoring and analysis for energy conservation.   

Applying the continuous commissioning™ process adds an additional 15% to 45% savings over a 
normally commissioned building as measured by the methods outlined in the U.S. DOE’s 
International Performance Measurement and Verification Protocol, which is the current revision 
of the North American Energy Measurement and Verification Protocol (NEMVP).  The article 
includes some case histories, the definition of CC and the benefits of CC. 

Selkowitz, S. 2003. Commissioning Persistence. Research report prepared for the Architectural 
Energy Corporation for California Energy Commission. Available online: 
http://www.energy.ca.gov/reports/2003-11-20_500-03-097F-A18.PDF. Downloaded on May 1, 
2005. 

This report is actually a collection of four different reports on commissioning: 

Persistence of Benefits from New Building Commissioning 

Strategies for Improving Persistence of Commissioning Benefits 
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Persistence of Savings Obtained from Continuous CommissioningTM 

Is Commissioning Once Enough? 

 

The commissioning process is gaining increasing recognition as a cost-effective strategy for 
reducing commercial building energy use. Although the success and cost-effectiveness of 
commissioning activities depend on how well the benefits of commissioning persist over time, 
this aspect of commissioning is not well understood.  Through this investigation, three main 
reasons that benefits of commissioning did not persist were identified: limited operator support 
and high operator turnover rates, poor information transfer from the commissioning process, and 
a lack of systems put in place to help operators track performance. Four methods for improving 
persistence are proposed, focusing on operator training and system documentation. More and 
more building owners are turning to commissioning as a quality assurance strategy.  A set of 
strategies are described in this guide to provide the tools and techniques needed to prevent 
undetected problems and band-aid solutions. 

The continuous commissioning™ process is used to resolve operating problems, improve 
comfort, optimize energy use, and sometimes to recommend retrofits. The process has produced 
average energy savings of about 20% without significant capital investment in well over 100 
large buildings in which it has been implemented. Payback has virtually always been under three 
years with most at two years or less.  The process is described and recent evidence is presented of 
the need for follow-up commissioning when indicated by consumption increases. 

A1.7 Proactive Maintenance 
Burns, B. M. 1992. Total Planned Maintenance. AIPE Facilities (July/August):35-36. 

Most maintenance organizations are doing things right; they simply are not doing the right things.  
Maintenance organizations concentrate on reactive repairs, but too often ignore steps such as 
managing, planning and assessing the work.  Planned maintenance is more cost effective than 
reactive maintenance as it is well documented.  This results in dollar savings as well as increased 
job satisfaction, resource conservation, personnel safety and environmental protection.  The 
reason that reactive maintenance is still used is that there is a perception that it is cheaper to repair 
equipment than to maintain equipment.  This may be true for certain non-critical, inexpensive 
equipment.  Other strategies can include planned equipment overhaul, condition monitoring, 
predictive maintenance, and replacement in addition to preventive maintenance.   

Maintenance practices have changed very little recently.  In order for total planned maintenance 
to be successful, attitudes must first change.  A plan must be in place, and everyone involved in 
the benefits should be educated about the benefits.  Total planned maintenance consists of seven 
elements.  Formal implementation should come from the top levels of management.  These tasks 
include the following: selection phase- the process of identifying equipment and the degree of 
maintenance to be accomplished, development phase–defining life cycle maintenance 
requirements, implementation phase–accomplishing the tasks, execution phase–including a work 
order system, and assessment phase–including measuring and assessing the program. 

Nower, D. and R. Piety. 1995. Reliability-Based Alignment and Balancing. AIPE Facilities 
(March/April):13-17. 

Shaft alignment and rotor balancing are two of the oldest maintenance techniques in existence.  In 
rotating equipment, misalignment and imbalance are the most common faults.  Even so, industry 
continues to overlook and minimize the impact afforded by these practices on the real costs and 
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products of maintenance.  Maintenance is no longer just a repair shop as it used to be; instead it is 
now a highly technical and complex business.  Maintenance delivers production capacity which, 
when optimized, leads to increased capacity and ultimately results in decreased profits.  A recent 
study by Deloitte and Touche documents maintenance costs as being 4-14 percent of total 
production costs.  Inadequate maintenance procedures add over $200 billion yearly to U.S. 
industrial costs.   

Preventive maintenance was adopted wherein maintenance procedures were performed on 
machines before the time they were statistically expected to fail.  About fifteen years ago, 
innovative maintenance staffs found that these seemingly unpredictable problems actually could 
be predicted using state-of-the-art electronic instrumentation to evaluate time and frequency 
based vibration data.  Portable instruments, the personal computer, and new software have led to 
additional testing and predicting of problems.  In the present day, industry is at a milestone in 
maintenance philosophy, where preventive, predictive and proactive concepts all merge, resulting 
in a reliability-based maintenance concept. 

Despite the changes, which have occurred in maintenance philosophy and the widespread 
appreciation of these faults, these two procedures, misalignment and imbalance, are frequently 
poorly performed or even neglected.  The two fundamental elements in a precision or quality-
based program are to do it right the first time and to exceed the standards.  Achieving precision 
balancing and alignment requires commitment, equipment, training, standardized procedures, 
establishing a specification, documenting the work, tracking performance and results, fine tuning, 
root-cause analysis, certification, and reporting. 

Robinson, C. 1993. Guide to Maintenance Methodologies: Total Productive Maintenance. AIPE 
Facilities (July/August): 20-22. 

Total productive maintenance, (TPM), was first used in the late 1960s by the electrical supplier of 
Toyota.  TPM is “an improvement methodology which enables continuous and rapid 
improvement through the systematic use of employee involvement, employee empowerment and 
closed loop measurement of results.”  TPM is a set of structured activities leading to 
improvement and enabling people to make continuous improvements and become extremely 
involved and empowered.  In the TPM process, the plant assigns key performance indicators to 
measure the performance relative to the plant goals and objectives.  TPM is most successful for 
discrete manufacturers with moderately capital-intensive assets and large workforces.  TPM must 
be modified to fit the concept of line or unit management as opposed to equipment management.   

This article has an embedded article entitled TPM: A Continuous Improvement Culture by Terry 
Wireman.  TPM is productive maintenance involving all employees and involving everyone in 
the organization from top management to shop floor personnel in equipment improvement.  Many 
companies have tried to implement TPM with the only thought being the transfer of some 
maintenance tasks to the operators.  This is a step into the TPM program but misses the key to 
TPM, namely to maximize equipment effectiveness.  This equipment effectiveness is the main 
difference between this and other equipment-related philosophies.  This is also the means by 
which a payback is derived and cost savings found.  This leads to the justification of TPM.  TPM 
is more than just a maintenance program.  It changes the plant culture and will enhance the way 
people work together. 
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A2 BASICS 

A2.1 Overview 
AIPE Facilities. 1992a. Guide to Maintenance Training Programs. Product/Service Review 
(May/June):33-40. 

Thermography can be used both for electrical and mechanical equipment analysis, as well as 
building maintenance to determine hot or cold spots.  In electrical and mechanical equipment, hot 
spots can indicate improper operation of equipment.  Some thermography systems have the 
ability to store historic data for comparison so degradation over time can be assessed.  By 
tracking performance and using thermography, equipment and the building itself can be kept in 
good condition, extending its life. 

Finch, D. 1993. Corrosion Control Strategies. AIPE Facilities (September/October):45-49. 
On the surface, corrosion control is the simple balance between totally painting versus touching 
up affected metal surfaces to improve service life.  Corrosion control can be a significant factor in 
total maintenance costs.  Keeping these costs in line requires a carefully balanced program since 
both too little and too much attention will lead to higher costs.  Corrosion control involves the 
application of protective coatings to structures and equipment to prevent degradation from rust or 
other invasive chemical reactions.  Although there is an almost infinite range of environmental 
conditions that may exist in a plant, they can be divided into one of three levels: lightly, 
moderately and severely corrosive.  On average, a structure or piece of equipment is cleaned, 
prepared and painted every four or five years.  Plants would like to extend painting to eight to ten 
years by supplementing with repair work.  Managing the corrosion control program involves four 
primary steps: the plant survey, material selection, specifications, and application. 

The plant survey provides a way to match the best protective coating material to each area of the 
plant.  The most critical function of the plant survey is to prioritize immediate requirements for 
touch-up and painting.  As a rule of thumb, if the appearance indicates rusting over 30 percent or 
more of the surface, then painting rather than touching-up is recommended.  Coatings are 
designed based on many specifications; and thus these specifications, as well as the requirements 
of the job, should be considered when purchasing the coating.  More than 80 percent of all 
coating failures can be directly attributed to inadequate surface preparation.  The surface must be 
dry, free of dirt and oil, and free of mold and existing corrosion.  Follow-up inspection of the 
coated areas should be conducted nine months after the application and at annual intervals 
thereafter.  The process that enables cost control in protective coatings requires a plant survey on 
an annual basis, proper selection of coating materials, specifications that promote and effective 
job, food workmanship and inspection. 

Fortune, L. and J. Bixler. 1996. Guide to Electrical Testing Equipment. AFE Facilities Engineering 
(May/June):45-49. 

This article is a look at how to get the most out of maintenance dollars with electrical testing 
equipment manufacturers.  The article is mostly a review of four electrical testing equipment 
tools. 

If a plant is limited to purchasing only four electrical test instruments due to a tight budget, the 
following should be acquired: multi-meters and/or clamp-on meters, insulation resistance 
megohmmeters, harmonic analyzers, and power line monitors/analyzers.  This grouping provides 
a range and versatility of readings.  The equipment should be able to measure true RMS currents 
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and voltages.  The rest of the article includes the distinctive qualities and capabilities of these four 
instruments. 

Kaiser, H. H. 1995. Preventing Deferred Maintenance. AIPE Facilities (September/October):24-31. 
Prevention of deferred maintenance requires planning and managing facility assets in terms of 
traditional operations, maintenance and capital renewal.  The effects of deferred maintenance are 
damage that could have been avoided, disruption of normal activities and threats to health and 
safety of building occupants.  A comprehensive approach to preventing deferred maintenance 
includes four essential strategies: 1) inventorying conditions, 2) establishing short and long-term 
facilities funding needs, 3) funding formulas for O&M and capital renewal, and 4) measuring 
results. 

Operating budgets should fund O&M and capital renewal to compensate for the deterioration of 
facilities and equipment.  Separate funding should be acquired for functional improvements to 
preserve funding for routine maintenance and capital renewal for those purposes.  Key 
components of a maintenance, capital renewal and deferred maintenance funding strategy are: 1) 
fund maintenance and capital renewal at adequate levels to avoid backlogs, 2) develop a facilities 
renewal forecast for capital renewal planning, 3) conduct a facilities audits and condition 
assessment, 4) prioritize critical deferred maintenance projects, 5) adjust operating and capital 
budgeting practices, and 6) plan new construction and/or acquisition of capital assets based on 
utilization of existing space and evaluation of alternatives for adaptation of underutilized space. 

Capital renewal and deferred maintenance budget planning is a continuous process, beginning 
with a strategic plan covering several years and evolving into a final plan adjusted on an annual 
basis.  To address the problem of underfunding, an annual maintenance and repair budget, where 
repair is the same as an annual capital renewal allowance, should be funded.  The Building 
Research Board recommended that 2 to 4 percent of the current replacement value for a 
substantial inventory of facilities be allocated each year for routine maintenance and renewal. 

Kokoskie, J. L. 1994. CMMS-Sorting Through Your Options. AIPE Facilities (March/April):47-48. 
The article includes suggested steps to consider when selecting a CMMS for an organization’s 
maintenance operation.  Computerized maintenance management systems have been an important 
aspect of facility management for years.  A properly implemented CMMS program will result in 
increased efficiencies and decreased maintenance costs in most facilities.  This is true regardless 
of the size of the facility, maintenance department, or the amount of equipment to be covered.  
With the great variety of CMMS programs available, it is important to identify the CMMS 
program that best fits the facility.  The program that is chosen must meet the needs of the facility 
while remaining in the available budget.  Additionally, CMMS programs should accomplish four 
tasks: 1) automatically generate preventive maintenance work orders through a variety of flexible 
scheduling options, 2) allow for quick, easy entry and printing of corrective maintenance work 
orders, 3) track inventory and 4) provide a variety of informative reports for tracking and 
evaluating maintenance operations. 

Affordable, competent programs can be found that will fit most company budgets.  It is important 
that CMMS programs be implemented and operational without much disruption or downtime.  
Software training and other additional services associated with implementation are offered by 
most vendors.  After implementation additional add-on services can also be purchased.  To 
increase the success rate of CMMS implementation, care must be taken when the program is 
selected. 
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Langan, G. 1995. A Systems Approach to Efficiency in Maintenance. AIPE Facilities 
(September/October):33-37. 

Maintenance organizations are inefficient for several reasons.  Three of the important reasons are: 
maintenance workers spend very little time doing hands-on work because they are not getting the 
information they need; overtime is about three times what it should be, due to the reactive nature 
of maintenance organizations; and businesses view maintenance as a cost center rather than a 
world-class reliability function that delivers maximum reliable production.  As a result, few 
maintenance organizations have implemented an equipment reliability strategy, which includes 
preventive, predictive and proactive maintenance programs. 

No business issue plagues maintenance management more than downtime.  This is because of all 
of the people that must wait on the maintenance staff when something fails.  The decisive factor 
of production is now neither capital nor land nor labor; it is knowledge.  Automating the 
maintenance function can help businesses organize pertinent knowledge for instantaneous access.  
This increases maintenance productivity and equipment reliability.  Studies show that preventive 
maintenance improves the reliability of machinery and can reduce maintenance costs by 30% 
when compared to run-to-fail methods of maintenance. 

Ideally, manufacturing plants should be operating in the predictive and proactive levels of 
maintenance or capacity utilization to enjoy maximum productivity while contributing to the 
overall profitability of the plant.  Automated maintenance systems with on-line information 
delivery help maintenance organizations address the critical business issues mentioned within this 
article.   

Martin, T. J. 1996. Cost-Effective Equipment Room Maintenance. AFE Facilities Engineering  
(July/August):26-30. 

The commitment to cleaning and organizing machinery spaces involves the participation of all 
the staff, from the highest level of the facilities department to the apprentice level.  Equipment 
rooms should become a mirror of the professionalism of the maintenance department.  Equipment 
rooms are rarely visited, unless there is a problem that disrupts an office or work area within the 
facility.  These rooms used to be clean, neat and well illuminated, however, operating budget cuts 
and manpower cutbacks have caused the equipment rooms to become neglected and fall into 
disrepair.  A total quality management team was formed to identify key deficiencies and note key 
ingredients of equipment rooms.  A five-step process was used to guide the TQM team through 
this project: 

 Define opportunities for improvement and establish standards.  Examples of this are clean, 
insulated and leak-free equipment rooms that are safe to work in, address all environmental 
concerns and distribution systems identified for ease of maintenance and repair. 

 Analyze and measure opportunities for improvement through data collection.  The items that 
require data collection should be prioritized to ensure the most important information is 
always collected. 

 Plan the desired outcomes and the associated solutions. 
 Solution implementation is the means to measure the results and justify the costs.  This 

includes analyzing safety considerations, improved productivity and energy savings. 
 Maintaining the process is the ongoing step to ensure the program continues. 

This article has an embedded article entitled Time to Update Facility Building Standards by 
Howard McKew, PE, CPE.  The key terms in the article are that outsourced projects most often 
require, in the contract, that the contractor include an operations and maintenance manual, valve 
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tags, pipe, duct and equipment identification labels, and record drawings.  When considering the 
updating of each of the requirements, the O&M manual must be reviewed and updated.   

Migs Damiani, A. S. 1995. Why Consider Outsourcing? AIPE Facilities (January/February):43-44. 
Ever since Peter Drucker was quoted in a Wall Street Journal article in 1990 saying that 
American companies should sell their mailroom (i.e. outsource everything that does not give your 
company a competitive edge) companies have been outsourcing their work.  The author has 
principally been against outsourcing but has learned that if properly done, it can be a viable 
alternative that can save money without sacrificing quality.  Quality of in-house work has 
diminished in recent years due to a variety of reasons, including the new shortage of maintenance 
workers, earlier retiring and downsizing.  Outsourcing has filled the gap created by downsizing 
and lack of training in-house maintenance workers, and in many cases been responsive to the 
needs of productive maintenance work forces.  This is a guide of how to outsource.  The rules to 
outsourcing are as follows: 

 Evaluate the company 
 Evaluate the personnel 
 Visit office and jobsites 
 Clearly convey expectations 
 Identify and agree to a pricing format 
 Evaluate each potential company that passes the previous points 

Sullivan, G. P., R. Pugh, A. P. Melendez, and W. D. Hunt. 2004. Operations & Maintenance Best 
Practices: A Guide to Achieving Operational Efficiency Release 2.0. U.S. Department of Energy. 
July. Available online: http://www.eere.energy.gov/femp/pdfs/omguide_complete.pdf. 
Downloaded on May 1, 2005. 

This article is a 215-page O&M handbook.  This handbook covers all topics in operations & 
maintenance by equipment type, including tools.  

This O&M handbook covers what O&M is, and why it is important, the management of O&M, 
computerized maintenance management systems, types of maintenance programs including 
reactive, preventive, predictive, and reliability-centered maintenance, predictive maintenance 
technologies, commissioning existing buildings, metering for operations and maintenance, O&M 
ideas for major equipment types, O&M frontiers, and ten steps to operational efficiency. 

A2.2 Rooftop Units and Components 
Architectural Energy Corporation. 2003. Design Brief: Integrated Design for Small Commercial 
HVAC:1-28. 

Design, installation, and operations issues can prevent small HVAC systems from performing to 
their full potential. There are actions that architects, engineers, and design/build contractors can 
take to improve the energy efficiency of small HVAC systems, reduce operating costs, and 
improve indoor comfort and environmental quality. These include proper sizing, specifying 
minimum efficiency requirements, and use premium efficiency motors.  

By using recommended design methods for rooftop heating, ventilation, and air conditioning 
systems, significant improvements in operational savings, energy efficiency, and indoor comfort 
can be achieved.  This is accomplished through demand-controlled ventilation, programmable 
thermostats, commissioning the HVAC systems, and forming a maintenance program.  



APPENDIX A – ANNOTATED BIBLIOGRAPHY 

   

 

 NCEMBT-061102 

 
100 

Austin, S. B. 1997. HVAC System Trend Analysis. ASHRAE Journal (February):44-50. 
Trend analysis of HVAC systems is important to enable increased performance of an air handling 
system.  Excessive cycling, running during unoccupied hours, and blips can be identified and 
addressed using HVAC system trend analysis.  This can become an important tool that can be 
used as part of a preventive maintenance program.  Analysis should be conducted on air handler 
units including trend analysis.  Furthermore, trend analysis can be used in commissioning or new 
buildings as well as existing buildings.  Using trend analysis will increase the ability of 
maintenance personnel to identify problems and maintain optimal system efficiency. 

Trend analysis for HVAC troubleshooting can help solve operating problems, increase energy 
efficiency, locate defective hardware, identify out-of-calibration devices, improve occupant 
comfort, and extend equipment life. 

Bianchi, M. V. A., J. D. Douglas and T. M. Rossi. 2002. Why Service a Unit that Produces Cool Air? 
Air Conditioning, Heating & Refrigeration News. June. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/BNP__Features__Item/0,1338,79189,0
0.html. Downloaded on May 1, 2005. 

“If it ain’t broke, don’t fix it” can be an expensive attitude and customers may not realize this.  
Units may continue to produce cool air, even though degradation faults such as fouled heat 
exchangers commonly make units run inefficiently and lead to premature failure.  It is hard to sell 
service when the unit produces cool air. 

To get a customer to service the unit, define the goals of servicing a unit and discuss the 
reasoning behind each goal.  The three reasons for servicing an air conditioning unit are: to 
maintain or restore reliable comfort; to protect the unit from expensive premature failure; and to 
save energy. 

Breuker, M., T. Rossi, and J. Braun. 2000. Smart Maintenance for Rooftop Units. ASHRAE Journal 
(November):41-46 

Packaged HVAC equipment is the most common source for HVAC in small and medium-sized 
commercial buildings.  The U.S. DOE estimates that rooftop and unitary air-conditioning 
equipment accounts for about 1.03 out of a total of 1.66 quads of total energy consumption for 
cooling the current building stock of commercial buildings in the U.S.  Packed units are generally 
smaller, more numerous, and not as well maintained.  Smart maintenance involves the application 
of technology to identify when maintenance is required and to monitor performance and diagnose 
problems more quickly and accurately than via traditional means.  A tradeoff exists between the 
costs associated with providing maintenance and the associated benefits.  This includes improved 
energy efficiency and longer equipment life. 

A database from a HVAC service company was included to better understand the types of 
failures.  The tables of failures are included in the article and some of the failures are explained in 
the article.  In addition to investigating the cause of failures in unitary air-conditioning 
equipment, the effects of five common degradation faults on performance are looked at.  These 
include: refrigeration leakage, condenser fouling, evaporator fouling, compressor valve leak-
back, and liquid-line restrictions.  The effect of degradation faults on rooftop unit performance 
and equipment life is significant and provides strong incentives to keep up with rooftop unit 
maintenance.  Common ways to intelligently perform rooftop unit maintenance that were 
discussed include: scheduled preventative maintenance, responding to information obtained from 
remote monitoring, and condition-based maintenance based on automated fault detection and 
diagnostic systems. 
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Checket-Hanks, B. 2002c. Hotel HVAC Service Reaches a New Pinnacle. Air Conditioning, Heating 
& Refrigeration News. July. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,80187,00.html. Downloaded on May 1, 2005. 

Regular maintenance of the new Delta Pinnacle Hotel is critical to maintain acceptable IAQ, 
comfort and efficiency.  An outside firm maintains the chillers and controls while the internal 
staff performs water treatment and performs weekly checks on the water quality.  The 500 fan 
coil units in the rooms are maintained every two months after discovering that service every three 
months was not often enough and service once a month was too often. 

Checket-Hanks, B. 2002e. Down with Pressure, Up with Efficiency. Air Conditioning, Heating & 
Refrigeration News. November. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,87739,00.html. Downloaded on May 1, 2005. 

Efficient operation of evaporative condensers means reducing the discharge pressure.  High 
discharge pressure increases operating costs, reduces system capacity, and shortens compressor 
life.  The condition of the coil is a critical aspect in the effectiveness of a condenser.  Scale 
accumulation of a 1/64th of an inch causes a condenser to operate 15% below design capacity.  
The solution is an effective water treatment program with regular monitoring. 

Improving the piping arrangement leading to the condenser is another way that service and 
maintenance staff can improve condenser discharge pressure.  Liquid backup into the condenser 
reduces the effective capacity of the condenser.  Installing traps eliminates the potential for liquid 
backup in the condensers due to differing pressures.  Ensuring minimum height between the trap 
and condenser outlet allows for any backup of liquid occurring in the vertical portion of pipe, not 
in the condenser coil.  Valves and reducers should be located on the vertical portion of drain lines 
because horizontal valves can cause liquid backup in the condenser.  Care should be taken to not 
lower the discharge pressure too much (below 140 psig).  At low discharge pressures, oil 
separators may not separate properly.  Discharge pressure must remain high enough to allow for 
effective defrost.  In DX systems, discharge pressure may become too low to allow thermal 
expansion valves to work properly. 

Chimack, M. J. and D. Sellers. 2000. Using Extended Surface Air Filters in Heating Ventilation and 
Air Conditioning Systems: Reducing Utility and Maintenance Costs while Benefiting the 
Environment. American Council for and Energy-Efficient Economy. 2000 Summer Study on Energy 
Efficiency in Buildings. 

Physical principles governing airflow in fan systems predict available energy savings from using 
premium air filters. This energy savings may offset the additional cost of the premium filters. In 
fact, premium filter investments can pay back in six months to three years depending on airflow 
and number of hours of fan operation. Additional benefits of using premium air filters include 
longer filter life, lower installation and disposal costs, elimination of prefilters and the ability to 
increase effective filter efficiency in buildings without reducing ventilation effectiveness. 

A case study was conducted in an office building with two nearly identical VAV systems to 
determine if premium air filters are good investments for building owners and managers. This 
paper presents performance characteristics including fan energy use and static pressure drops 
across both premium and typical air filters.  Results of this study demonstrated purchase and use 
of the premium air filters might be good investments for building owners and managers. 
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CLS Facility Services. 2005. HVAC Preventive Maintenance Program. July. Available online: 
www.Clsfacilityservices.com. Downloaded on May 1, 2005. 

A properly maintained HVAC system is necessary in today’s retail setting to assure a pleasant 
shopping experience.  CLS has designed a custom HVAC PM program to ensure proper start-up 
of both cooling and heating systems. 

The CLS Cooling Start-Up Program includes additional services to ensure an efficient and cost-
effective cooling system: 

 Inspection of blower bearings; lubrication as needed 
 Brush-clean heating, evaporator and condenser coils 
 Check refrigerant levels and compressor oil levels 
 Megohmmeter testing of motors and compressors 
 Check and record amp draw on motor and voltage balance 
 Verify economizer dampers are set and operational 
 Check crankcase heater 
 Provide “Equipment Condition” report 

To reduce long-term maintenance costs, CLS recommends a thorough inspection at the beginning 
of the heating season to include: 

 Replacement of all filters 
 Inspection/adjustment of blower condition (bearings, motor, belts) 
 Verification of heating/cooling systems as operational 
 Operation test of heating system 
 Verification of condensate drain, trap, and pan as clean/flowing 
 Brush-clean heating elements/heat exchanger 
 Check and adjust all operating and safety controls 
 Verification that all economizer dampers are set and operational 

Energy Solutions Resources. a. Maintenance—Duct Cleaning. Energy Services, Energy Solutions. 
Energy Experts. Available online: www.energyexperts.org. Downloaded on May 1, 2005. 

There is not much research that confirms or denies any claims to energy savings from duct 
cleaning alone.  Even the National Air Duct Cleaners Association (NADCA) specifies cleaning 
the whole system and not just ducts.  Dust in the ducts may stay harmlessly in the duct for years if 
undisturbed.  If disturbed by cleaning, particulate counts may increase after cleaning.  If 
particulates are the issue, improved filtration and source containment are usually a better long 
term strategy. 

Energy Solutions Resources. b. Maintenance—HVAC O&M. Energy Services, Energy Solutions. 
Energy Experts. Available online: www.energyexperts.org. Downloaded on May 1, 2005. 

This article selects several pertinent articles for addressing potential savings from O&M measures 
specifically for commercial buildings.  The Small Commercial HVAC O&M Service Pilot by 
Northwest Energy Efficiency Alliance assesses the market opportunities for enhanced operation 
and maintenance services for commercial buildings.  The PECI Tuned Up for Success document 
includes costs, savings and payback periods for five facilities in a 1999 PECI project.  The Retro-
Commissioning’s Greatest Hits discusses cost savings from optimizing existing systems. 



 APPENDIX A – ANNOTATED BIBLIOGRAPHY 

  

 

 NCEMBT-061102 

 
103 

Continuous CommissioningTM in Energy Conservation Programs by Charles Cup, Dan Turner, 
David Claridge and Jeff Haberl from Texas A&M discusses the advantages of incorporating 
continuous commissioning™ using independent hourly metering, monitoring and analysis for 
energy conservation.  The U.S. Green Building Council’s newest program, LEED®-EB, provides 
a rating system for sustainable long term operation of existing buildings.  An article about this 
program is Going From Gray to Green by Michael Arny. 

Equipment Maintenance Advice. 2001a. Adjusting Belts. Research report prepared for the 
Wisconsin Public Service: 1. 

Guidelines for improved operation of belts used in HVAC equipment are presented along with 
problems that routinely occur.  Improperly adjusted belts rob the drive train of power, create 
noise, and require frequent replacement.  Loose belts slip on the pulley wheels and cause torque 
loss and rapid wear.  Too-tight belts put an excessive load on the motor and fan shaft bearings or 
belts. Belts should be aligned with a straightedge to prevent lateral wear.  Proper belt tension can 
be achieved with a deflection strain gauge, but most technicians are familiar enough with the 
proper tension to adjust it by pressing on it with their finger. 

Belts should be replaced once or twice a year while the technician is otherwise servicing the unit 
because a typical belt set costs $5 to $10 while a service call to replace a broken belt costs $65 or 
more.  Some recommend securing one old belt inside the cabinet to use as an emergency spare.  
An easy upgrade that can improve drive train efficiency by 2 to 8% is to switch from standard to 
cogged V-belts.  The cost premium for cogged V-belts is 20%. 

Equipment Maintenance Advice. 2001b. Cleaning Condenser Coils. Research report prepared for 
the Wisconsin Public Service: 1. 

The condenser coil suffers greater degradation than the evaporator coil because it is exposed to 
unfiltered outdoor air.  A dirty condenser coil reduces the cooling ability of the air blowing across 
the coil.  If the condensing temperature is raised from 95°F to 105°F, cooling capacity is cut by 
7% and power consumption is increased by 10% with a net compressor efficiency reduction of 
16%.  In a 10-ton unit operating for 2,000 hours per year at $0.08/kWh, this equals $250/year in 
excess electricity costs.  The cost to clean this coil typically costs $50, so the payback is just over 
two months with a net annual savings of $200. 

The best tool for condenser coil cleaning is a power washer that feeds cleaning solution into a 
high-pressure water flow.  There are companies that have specialized equipment for this task.  
Before and after measurements of the temperature difference across the coil verify the 
effectiveness of the cleaning.  Improper power washing can damage the coils by bending or 
breaking the fin, so only trained people should use the equipment. 

Equipment Maintenance Advice. 2001c. Cleaning Evaporator Coils. Research report prepared for 
the Wisconsin Public Service: 1. 

The benefits and reasons for cleaning the evaporator coils on roof top units (RTUs) are discussed.  
Dirt on the evaporator coil reduces system airflow and directly degrades the coil’s heat transfer 
efficiency which significantly cuts cooling capacity.  Good filtration will keep a RTU’s 
evaporator coil fairly clean.  Some technician’s maintain that enough dirt gets around or through 
the filters to justify cleaning the evaporator coil, especially since they are on the roof cleaning the 
condenser anyway.   

The coil should be at least inspected annually to make sure that the filters are doing their job.  
Measuring the supply fan amperage and the filter/coil pressure drop with fresh filters and 
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comparing the amps to last year’s measurement also with fresh filters will tell the technician if the 
coil is dirty and needs to be cleaned. 

Equipment Maintenance Advice. 2001d. Fixing Refrigerant Leaks. Research report prepared for the 
Wisconsin Public Service: 1. 

Tips to help prevent leaks and speed their repair are presented in reference to refrigerants used in 
HVAC equipment.  Refrigerant is important to comfort and leaks not only reduce the efficiency 
of the equipment but also can cause the pipes and fittings to deteriorate.  Repairing refrigeration 
leaks requires several steps and can cost from $250 to $1,000 if components such as the 
evaporator coil must be replaced. 

Equipment Maintenance Advice. 2001e. Maintaining Cabinet Integrity. Research report prepared 
for the Wisconsin Public Service: 1. 

A poorly designed or poorly maintained cabinet can cause an RTU to spill much of its expensive 
chilled air onto the roof.  Annual checkups should include a survey of air leaks, followed by 
corrective action.  Cabinet integrity is important on the supply-air side where high pressure can 
force considerable air out of a small crack.  The condensate drain pipe is another potential leak 
point. 

A 200 CFM leak from a 10-ton unit can reduce cooling and airflow capacity by 5% and cost $100 
per year in electricity.  Often, service technicians do not replace all of the cabinet screws, which 
leads to a leaky unit.  A good tech will replace all screws and bring extras to replace missing 
ones.   

Equipment Maintenance Advice. 2001f. Outside-Air Dampers. Research report prepared for the 
Wisconsin Public Service: 1. 

The most common RTU malady is improper damper operation.  This problem can have major 
energy consequences in regions that otherwise could take advantage of economizer operation as 
well as serious IAQ impact in all climates.  OA dampers become fouled by dirty air that gets into 
the pivot points and actuator mechanism.  A properly operating damper will prevent the 
compressor from operating when outside air temperature is below 60°F.  A damper that is not 
cleaned and lubricated can be stuck in the closed position and rob the unit of free cooling 
potential, or be stuck open and overload the cooling coil with too much hot outside air.   

 

Haughey, M. D. 2002. Equipment Sizing & Installation. Presentation prepared for the Xenergy for 
the New York State Energy Research and Development Authority. Available online: 
www.nyserda.org. Downloaded on May 1, 2005. 

Proper equipment sizing is important because it contributes to overall credibility, it positions a 
firm to be an energy efficiency expert and as a value-added service provider.  Steps in equipment 
sizing and selection include load calculations, equipment selection and ductwork, piping & 
accessory sizing and selection.  Performing load calculations reduces the chance of improperly 
sized equipment.  Loads that need to be considered are internal, external, and ventilation loads.  A 
10 percent safety factor can be used.  Never use rules of thumb to size and select equipment, 
which may lead to equipment sizing problems.  Rules of thumb should only be used as a sanity 
check.  Ductwork and piping should be properly sized.  Accessories such as economizers, 
dampers, filters and thermal expansion valves should also be sized properly.  Manuals and 
handbooks should be used to properly size equipment and accessories.  Load calculating software 
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should also be used to aid in proper sizing.  Classes and seminars are also available to aid in 
proper sizing and installation.  Proper installation is equally important in equipment efficiency.  
Utilities estimate that as much as 25% of heating and cooling costs are lost through leaky 
ductwork.  Leakage can be reduced through using mastic and then duct sealing tape, checking the 
installation and performing a duct leakage test and documenting the results. 

Hollingsworth, P. 2003. Rooftop Systems: Tips for Maintaining Peak Performance. Air 
Conditioning, Heating & Refrigeration News. June. Available online: 
www.achrnews.com/CDA/ArticleInformation/ NEWS_EE_News_Item/0,6164,102484,00.html. 
Downloaded on May 1, 2005. 

This article gives tips for maintaining large RTU equipment (15+ tons) for peak performance, 
from pre-installation to maintenance of the equipment. Some of the highlights are: 

 Specify easy-access/equipment 
 Allow enough clearance 
 Specify BAS data points to help diagnose operational deficiencies 
 Unit inspection: Regularly inspect the unit for wear and tear 
 Filter maintenance 
 Follow manufacturers lubrication instructions 
 Regularly inspect rotational equipment 
 Clean units to simplify diagnostics and ensure proper operation and indoor air quality 
 Incorporate control devices 
 Maintain refrigeration section of RTU 
 Maintain heating equipment for safety and operation 
 Inspect and maintain wiring to avoid problems and increase equipment life 

A regular maintenance schedule incorporating the manufacturer’s printed maintenance 
instructions and the procedures listed above will keep the RTU equipment operating reliably and 
efficiently.  Regular maintenance also reduces the amount of time spent maintaining equipment 
and assures customers that their equipment is being cared for. 

 

Houghton, D. 1997. Operating and Maintaining Rooftop Air Conditioners. ASHRAE Journal 
(December):50-53. 

Packaged rooftop units provide cooling for 49% of U.S. commercial building space.  These units 
do not often get the attention they need to operate efficiently and effectively.  In many cases, no 
one on-site is responsible for operating the RTUs, so they are ignored until they breakdown.  
Field measurements of rooftop unit efficiency show that their performance was substantially 
below catalog ratings.  The operation and maintenance opportunities for rooftop units can be 
categorized according to their two internal fluid loops: air and refrigerant.  Airside maintenance 
and repairs should be done before tackling the refrigeration system, because most refrigeration 
problems cannot be effectively fixed until the proper airflow is established. 

Filters play two important roles: they help maintain indoor air quality, and they protect 
downstream components of an air handling system from accumulating dirt.  Pleated filters made 
with cotton or synthetic fabrics cost more but perform better than flat filters made of fiberglass or 
spun polyester mats.  They cause a boost in filtration efficiency from below 20% to about 30%.  
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Filter changing intervals can be based on the pressure drop across the filter, calendar scheduling 
or inspection.  Dirt on the evaporator coil causes two problems: it reduces system airflow and it 
directly degrades the coil’s heat transfer efficiency, reducing the cooling capacity.  The most 
common problem with conventional greased ball bearings is over-greasing, which can be as 
damaging as under-greasing.  An easy upgrade that can improve drive train efficiency by 2-10% 
is to switch from standard to cogged V-belts.  Supply fan motors installed by the original 
equipment manufacturer are generally standard-efficiency induction motors.  Premium efficiency 
motors is another easy upgrade.  Improper dampers are a very common rooftop unit problem.  
Refrigerant charge and expansion valves should be properly maintained and checked regularly. 

Ninety percent of rooftop unit replacements are because of failures in the hermetic motor-
compressor.  Replacing a compressor is a large project, but in some cases it is needed.  A dirty 
condenser coil that raises condensing temperature will cut cooling capacity and increase power 
consumption.  Rapid cycling of a condenser fan leads to poor control of the refrigeration system 
and can wear out the fan. 

Jacobs, P. 2003a. Design Guidelines: Small HVAC System Design Guide: Operations and 
Maintenance Chapter. October. Research report prepared for the Architectural Energy Corporation 
for California Energy Commission. 

The purpose is to provide design details that facilitate good operations and maintenance practices 
and to provide expectations to the building owner on what a maintenance service contract should 
include.  Packaged rooftop units are generally designed for a shorter service life than built-up 
HVAC equipment. They are also exposed to weather elements that can be stressful to the 
equipment operation. Both can contribute to more frequent maintenance needs.  Maintenance of 
packaged rooftop units is often ignored due to the fact they are on the roof, where they are out of 
sight and out of mind.  Simple routine checks can avoid costly maintenance contractor calls to 
diagnose or fix simple maintenance problems.  

Jacobs, P. 2003b. Technical Report: Small HVAC Problems and Potential Savings Reports. October. 
Research report prepared for the Architectural Energy Corporation for the California Energy 
Commission. 

From case studies carried out in California, small packaged HVAC units are used to determine 
the impact of performance correction problems on energy savings.  Common problems observed 
in the over 200 units that were monitored are presented.  They include broken economizers, 
improper refrigerant charge, improper fan operation, low or inadequate air flow and cleanliness of 
components.   

Jolly, S. 2000. Proper Maintenance Enhances Efficiency. Air Conditioning, Heating & Refrigeration 
News. September. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,10814,00.html. Downloaded on May 1, 2005. 

It is important to perform preventive maintenance on outside components, including the 
condensing unit or outdoor heat pump unit.  Outdoor coils are subjected to many environmental 
hazards that may damage or corrode them.  Dirty fins can lead to higher amp draw, decreasing the 
life expectancy of equipment and providing less heat transfer.  A dirty outdoor unit will operate at 
a higher pressure and temperature and, therefore, perform less efficiently and effectively. 

Customer education is important because service companies are responsible for ensuring that 
customers are comfortable with their purchases.  Customers should be referred to their owner’s 
manuals for the importance of preventive maintenance.  Dealers should recommend that 
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customers’ HVAC systems be checked and cleaned at least twice a year.  If customers are 
educated, customer satisfaction will increase and the service company will receive valuable word-
of-mouth promotion.  Customer referrals are the best and least expensive advertising that any 
company can get, but it all starts with service. 

Marchese, J. 2003. Maintain Your Service Tools. Air Conditioning, Heating & Refrigeration News. 
October. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,111288,00.html. Downloaded on May 1, 2005. 

Regular maintenance of service tools will ensure that a tool will perform when needed and will 
not cause frustration or personal injury.  Some maintenance tasks that are helpful in keeping 
service tools in peak operational condition are included in the article. 

There are many other tools used by technicians, such as hand tools and cutting tools, that may not 
need regular maintenance, but should inspected occasionally for signs of wear. Any tool that 
shows signs of wear or damage should be repaired or replaced. Using one that is worn or 
damaged is an unsafe practice and should be avoided. For example, a dull screwdriver is more 
likely to slip off a screw and cause injury. 

Marchese, J. 2001. Cleaning Air-Cooled Condenser Coils. Air Conditioning, Heating & Refrigeration 
News. June. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,26976,00.html. Downloaded on May 1, 2005. 

Regularly scheduled maintenance of the air-cooled condenser saves the contracting company and 
the customer time and money.  Cleaning and inspecting the condenser coils is one of the most 
important tasks because excessive dirt on the coils increases the operating discharge pressure and 
high discharge pressure reduces the life of the compressor, reduces refrigeration capacity, and 
causes a system to consume more energy. 

The power consumption of the compressor can increase 10% to 30% due to an increase in its 
discharge pressure caused by dirty condenser coils.  Reduced refrigeration capacity from 
increased discharge pressure causes the system to run longer to refrigerate the same load, further 
increasing the power consumed by the compressor.  The combination of longer run times and 
increased power consumption results in a significant energy use increase and underscores the 
importance of keeping coils clean and discharge pressure normal. 

Mauldin, T. 2002c. Unitary HVAC Program & Support Services. Presentation at the New York State 
Energy Research and Development Authority. January, 2002. Available online: www.nyserda.org. 
Downloaded on May 1, 2005. 

The goal of the unitary HVAC program overview is to help participating contractors develop and 
sell new energy efficiency services and products to commercial customers with packaged HVAC 
systems.  The main components of this program are contractor training seminars and marketing 
support.  Specification training should help contractors specify, install and promote energy 
efficient HVAC equipment.  Some of the topics should include introduction of specification/sales 
report tools, selling efficient equipment, developing and marketing follow-up services, system 
controls, proper equipment sizing, and system installation guidelines.  An automated website 
should be used to aid in business.  Free customizable brochures for customers should be 
available.  Advertising and editorial coverage should include advertising of the program, editorial 
coverage of successful projects, targeting commercial building managers and using media outlets 
such as Energy User News and BOMA.  Other NYSERDA Energy Smart Programs for unitary 
HVAC equipment include the Smart Equipment Choices Program for equipment replacement, 
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New Construction Program for new construction or major renovation, Loan Fund for loads 
involving efficiency improvements, and C&I Performance Program for performance contracting 
programs. 

Mazurkiewicz, G. 2002b. Take Care of Your PTAC and It’ll Take Care of You. Air Conditioning, 
Heating & Refrigeration News. June. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,78694,00.html. Downloaded on May 1, 2005. 

Preventive maintenance is essential for efficient operation and long service life from packaged 
terminal air conditioners (PTACs), according to Ron Bench of Carrier.  Regular inspection and 
cleaning could help these units last almost twice as long in their typical hotel/motel applications.  
The units are designed to last 15 years, but are usually run without any maintenance and replaced 
every 6 or 7 years. The unit should be cleaned once per year and the air filters should be changed 
every 30 days.  Some environments may dictate twice/year cleaning.  A summary of the 10 steps 
to cleaning and inspecting PTACs is provided.  

Northwest Energy Efficiency Alliance. 2004. Small Commercial HVAC Pilot Program. Energy Market 
Innovations, Inc (November). 

This project was a joint effort between the Northwest Energy Efficiency Alliance and Portland 
Energy Conservation, Inc. to develop an enhanced operation and maintenance service protocol for 
small packaged heating and cooling systems in commercial buildings.  The pilot developed and 
tested an array of diagnostic tools and procedures, trained selected contractors, developed 
marketing materials and documented the level of market acceptance of the service in selected 
markets around the Northwest.  The pilot tested diagnostic tools in real-world applications and 
documented energy savings and other benefits; it also tested the business model for contractors to 
deliver enhanced O&M services.  The pilot targeted 5-15 ton RTUs on commercial buildings 

Problems with heating and cooling are the number one source of complaints received by 
commercial building owners and property managers.  Malfunctioning units lead to work 
disruptions, reduced productivity or loss of sales in retail settings.  Conventional serving only 
addresses filters, thermostat settings and minor adjustments.  Commercial HVAC systems offer a 
number of opportunities for improvements in the areas of refrigerants, air distribution system, and 
controls.  New diagnostic tools, tested under the pilot, could be used by contractors to diagnose 
and repair problems common to each of these areas. 

Prah, F. 2002a. Air Filters. CLS Facilities Management Services. 
A clogged air filter causes a 10% reduction in air flow and increases operating costs by 11% 
according to the Houston Lighting and Power Company.  The three most notable points to make 
about clean air filters are: energy savings, maintenance costs, and cleaner air to breath.  In air 
conditioning applications, filters are not only important to keep the blower clean, but also to keep 
the evaporator coil clean because either of these will cause airflow reduction and decreased 
capacity if clogged.  The types of filters are described and their uses explained.  

Four possible things can happen if the airflow is reduced enough that the evaporator freezes: the 
conditioned space gets warm; there is a risk of liquid refrigerant getting back into the compressor 
and reducing its life; the freezing of the coil causes refrigerant leaks in the system; and there will 
be an expensive service call, higher utility bills, and possibly water damage when the ice melts. 
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Prah, F. 2002b. Cleaning Coils. CLS Facilities Management Services. 
This article focuses on the evaporator coil because there are more problems with it and it is 
usually harder to keep clean.  The evaporator coil absorbs heat from the return air and the 
condensing coil rejects that heat as well as the heat that is produced by the motor-compressor. 
Steps are provided by sub-system in how to clean and maintain the coils, including the blower 
system and the coils themselves.  

A dirty coil can cause IAQ issues as bacteria and fungi can grow on it.  A wet evaporator coil will 
collect dust and grow biologicals in the dark, cool, damp environment. 

The coil cleaning program should begin when the coil is new and clean and continue throughout 
the life of the equipment.  By following a proactive coil maintenance program, a building will 
realize high levels of IAQ as well as lower utility costs.  It is a mistake to wait until the coil is 
plugged with dirt and/or a mold colony is established before starting to clean the coils. 

Prah, F. 2002c. HVAC Compressors. CLS Facilities Management Services. 
Compressors are the “heart of the refrigeration system.”  Compressors are the most expensive 
part of the HVAC system and some facility managers consider replacing the whole RTU if it is 
older than 10 years old and the compressor fails.  Compressor replacement costs range from $325 
to $375 per ton.  Further because compressors are so expensive and are available in a wide 
variety, a replacement may take many days to obtain.  The major reasons for compressor failure 
are described, along with suggestions as to how to avoid compressor failure.  

There are two types of compressors generally used in medium commercial HVAC equipment: 
reciprocating and scroll.  Scroll is becoming the industry standard because it is more efficient and 
more durable as it has 64% fewer parts, less rotating mass, no valve losses and less internal 
friction. 

Compressors are generally reliable and will run a long time if maintained properly.  Compressors 
usually have a five year warranty with an extended warranty available.  Non-destructive tests can 
be used to check acid levels and moisture levels in the compressor. 

Prah, F. 2002d. Preparing for the Cooling Season. CLS Facilities Management Services. 
A properly maintained HVAC system is a necessity in today’s retail setting to assure a pleasant 
shopping experience.  Good IAQ is also important.  Poor HVAC can cost a business customers 
and revenue. Electrical inspection, cleaning of heat exchangers and coils, both condensing and 
evaporating, are provided as guidelines.  A checklist for the cooling season maintenance is also 
listed.  

Prah, F. 2002e. Preparing for the Heating Season. CLS Facilities Management Services. 
When the peak air conditioning season is over, get a thorough report on each piece of equipment 
to get the necessary information to make informed budget decisions for next year and allow time 
to prioritize repair and replacement. 

Rooftop blower belts tend to break in the winter when they are cold and less flexible.  If the unit 
has been off for a while and then starts suddenly, this puts a lot of torque on the belts and blower 
system.  An RTU is completely shut down if the blower section fails, so PM is very important for 
this component.  The belt condition should be checked and adjusted on each visit and the belt 
should be replaced at least once per year.  A recommended PM program is provided, though it is 
also suggested that the guidelines provided by manufacturer of the equipment should be used if 
available. 
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Prah, F. 2002f. Reducing HVAC Costs. CLS Facilities Management Services. 
RTUs are expensive to purchase, maintain, operate, and replace.  Thus, ways to reduce life cycle 
costs and improve reliability are constantly sought.  Comprehensive preventive maintenance 
(CPM) is the type of program that manufacturers recommend.  Breakdown maintenance is not 
only disruptive to operations, but typically cost three times the cost of a comprehensive 
preventive maintenance program. 

Benefits of a comprehensive preventive maintenance program to retail store owners include: 

 Increased sales b/c customer is more comfortable and willing to spend more time in store 
 Increased employee productivity by providing a comfortable, clean area to work 
 IAQ is important for both the employee and the customer 
 Reduced employee turnover if environment is comfortable 

RTUs should have a minimum of four PM checks per year, including one cooling startup and one 
heating startup.  These checks would include one belt replacement and four filter changes.  The 
filters should be replaced with higher efficiency pleated filters. A checklist is provided for 
maintaining RTUs.  

Ross, R. 2004. Facility Check-Ups. Maintenance Solutions. November. Available online: 
http://www.facilitiesnet.com/ms/article.asp?id=2288. Downloaded on May 1, 2005. 

This article deals with verifying commissioning of new buildings. Commissioning has an impact 
on O&M because the staff gains a knowledge and understanding of the installed systems and of 
their design and operation. Retro-commissioning of existing facilities can greatly increase the 
awareness and understanding of the operations and maintenance staff. 

Terranova, J. 2000. Control Valves: Proper O&M Keeps Failures to a Minimum. HPAC 
Heating/Piping/AirConditioning Engineering (December):57-66. 

This is a series of short articles under the heading “Equipment Notebook.”  The three articles 
included are Control Valves: Proper O&M Keeps Failures to a Minimum, Cooling Coils: 
Improve Efficiency and Duration by Keeping Coils Clean, and Steam Traps: How to Test Them 
and What to Look For. 

Terranova, Jack. Control Valves: Proper O&M keeps Failures to a Minimum 

Failure of program control valves results in significant damages and costs.  A preventive 
maintenance, then, is the first defense against these problems.  Maintenance of any 
system falls into one of three categories: run-to-failure, planned-maintenance, and 
predictive-maintenance.  This last approach is based on equipment monitoring and 
performance indices.  This article discusses the planned-maintenance approach, as it is 
the most common and recommended.  Good control valve preventive maintenance will 
give the owner piece of mind, knowing that all control valves present in the building have 
been accounted for and are being maintained properly.  At a minimum, if the 
maintenance program procedure is followed, many problems can be prevented down the 
road. 

Tinsley, Robert W.  Cooling Coils: Improve Efficiency and Duration by Keeping Coils Clean 

The attitude of many building managers is that cooling coils do not really get too dirty; 
however, this is not true.  In fact, in humid climates particularly, coils not only get dirty, 
they become home to fungi, slime, and all manner of microorganisms.  Cleaning should 
occur at least twice a year and should use a minimum of 60-percent efficient filters to 
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reduce dirt collection on the coils.  A dirty coil is an inefficient coil.  The first factor to 
consider is the fan power cost increase due to increased static pressure loss through the 
coil.  The other key factor is the reduction in capacity caused by the layer of dirt coating 
the heat transfer surfaces.  Dirty coils also cause indoor air quality issues. 

To effectively clean a coil, the following five elements are required: heat, pressure, time, 
rinse, and coil removal.  There has recently been interest in mounting ultraviolet band C 
lights inside air handlers to clean the coils.  These lights, although beneficial in keeping 
the coils clean, cannot be depended on as the only means of cleaning.  Dirt can only be 
removed by mechanical cleaning. 

Randle, Joe.  Steam Traps: How to Test Them and What to Look For. 

Steam traps that are sized and selected properly should have a long, trouble-free life 
when the proper trap for the application is in place. External forces from steam are the 
only things that can adversely affect traps other than long-term wear. There are three 
conditions that can affect traps: dirt, pressure surges due to water hammer, and oversized 
traps.  Testing would typically be performed on an annual basis, although very critical 
applications should be tested more often.  There are several test methods that can be used 
to inspect trap operation, but they are not all equal.  The first type of testing is visual 
testing, which involves observing the flow or variation of flow visually.  Sound testing, 
often with an ultrasonic leak detector, uses the sound created by flow to determine if the 
trap is functioning properly.  This type of testing works best with traps that cycle on and 
off.   Temperature testing, which often uses an infrared gun, is another good way to test if 
a steam trap is operating properly.  Conductivity testing is the newest steam trap testing 
technology.  This testing is performed by mounting a sensor in the chamber designed 
with a weir, which is full of condensate when operating.  The sensor can then determine 
if there is a pressure drop across the orifice.  These methods vary in their effectiveness 
based on the steam trap type, maintenance staff performing testing, and trap cycling. 

Turpin, J. 2002. Maintenance is the Key to Rooftop Longevity. The Air Conditioning, Heating & 
Refrigeration News. June. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,79183,00.html. Downloaded on May 1, 2005. 

Rooftop units have become sophisticated in recent years, but cannot continually operate without 
routine maintenance.  Some owners look at preventive maintenance as being too expensive and 
unnecessary, so it is up to the contractor to convince them otherwise by pointing out the long-
term benefits of a preventive maintenance program such as lower energy costs and fewer 
breakdowns. 

The actual maintenance frequency of a rooftop unit depends on the environment and the hours of 
operation.  However, there are some general maintenance guidelines.  David Boen, technical 
service engineer for American Standard, lists some of these guidelines within the article for 
proper RTU maintenance. 

Many contractors use planned maintenance as a way to keep customers loyal and technicians 
busy in the off-season.  Contractors should educate their customers and employees about the 
benefits of regular maintenance because maintenance gives contractors the opportunity to find 
problems that might cause breakdowns during the summer and winter and provide a benefit for 
the customer. Many RTU manufactures are making the units more serviceable by providing easier 
access to the motors, coils, and compressors.  Further, the controls on RTUs alert maintenance 
staff when it is time to do maintenance via a visual message or lights.  Some units have built-in 
test modes and on-board diagnosis to make a service call easier.  The alarm history of the units 



APPENDIX A – ANNOTATED BIBLIOGRAPHY 

   

 

 NCEMBT-061102 

 
112 

can be accessed on the unit or remotely.  Using this information, the technician can get a feel for 
what has happened in the past and what has gone wrong. 

Turpin, J. 2000. Regular Service Keeps Rooftop Units in Tip-Top Shape. Air Conditioning, Heating & 
Refrigeration News. August. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,8045,00.html. Downloaded on May 1, 2005. 

Regular maintenance of RTUs can prevent unexpected breakdowns.  However, many owners look 
at PM as being too expensive and unnecessary, failing to see the long-term benefits such as lower 
energy costs and fewer breakdowns. 

Because these types of system owners can be a headache, some contractors refuse to deal with 
such owners and only take customers who sign on for service contracts.  One company saw its 
reactive service calls drop from 50% to 20% three years after implementing this policy.  Because 
of this, the company’s technicians can work an acceptable number of hours per week without too 
many middle of the night emergencies.  Such a service company that makes proactive service a 
large part of its business will have to extensively train its technicians on the PM of RTUs.  On 
each of the four annual service visits, the technician can evaluate a different sub-system of the 
unit and complete an extensive checklist during the inspection.  He should change the filter and 
check the belts, bearings, and amperages on every visit.   

A properly maintained RTU can save an owner several thousand dollars a year in energy and 
operating costs, more than paying for the cost of a service contract.  According to one contractor, 
if a service contract does not save an owner money, the PM is not being performed correctly. 

Xenergy. 2002a. Building (AKA: HVAC System) Tune Ups. Presentation prepared for the New York 
State Energy Research and Development Authority. www.nyserda.org. Downloaded on May 1, 
2005. 

It is important to be energy efficient incorporating energy management into all facets of decision 
making.  Businesses turn mostly to utility companies, trade associations, and government 
agencies.  For the market to be self-sustaining, companies should rely on contractors and 
consultants more often.  This will result in less reliance on taxpayers and ratepayer funding. 

Xenergy. 2002b. Economizers. Presentation prepared for the New York State Energy Research and 
Development Authority. www.nyserda.org. Downloaded on May 1, 2005. 

Economizers save money immediately and over the long term while supplying comfort, 
reliability, air quality compliance, and application flexibility. 

Any building with either rooftop units of split systems incorporating an air handler is a candidate 
for an economizer.  Economizers save money immediately through the reduction of compressor 
run time and energy usage and by preventing excessive outdoor air during heating season.  
Economizers also save money through the long-term reduction of equipment maintenance and 
service costs and extending equipment life and eliminating premature replacement costs.  Laws 
may require economizers in the future to provide fresh air to building occupants to meet indoor 
air quality standards.  Economizers provide continued use of outdoor air for free cooling and 
provide maximum savings with differential enthalpy, reducing over-ventilation and adjusting 
dampers to minimize the introduction of cold or hot air into the air space.  The unit mounts inside 
the rooftop unit or in the mechanical room.  The benefits to the customer are comfort, savings, 
reliability, air quality compliance, and application flexibility.  There is savings estimator software 
commissioned by Honeywell to determine the cost savings. 
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A2.3 Chillers and Components 
Briley, G. C. 2003. Refrigeration Applications: Efficiency for R-717 and R-22 Systems, Part 5. 
ASHRAE Journal 45, 11:58. 

Effective routine maintenance increases a refrigeration system’s efficiency and minimizes 
downtime.  Preventive or predictive maintenance reduces the overtime hours that technicians 
spend correcting problems in plants that use reactive maintenance.  The refrigeration system 
should be operated at the lowest possible condensing pressure.  Condensers tend to be fouled by 
various elements in the water.  Even with the best water treatment system, the condenser coils 
should be inspected thoroughly every month.  The cleaner the condensing coils, the lower the 
condensing temperature and the lower the costs.  Additional routine maintenance should be 
conducted regularly as well.  There is no substitute for a well-trained technician in operating a 
large refrigeration system.  However, technicians can be much more effective when the system is 
automated.  With the availability of microprocessor and programmable devices a refrigeration 
system can be fully automated.  Automation can be more efficient in maintaining predetermined 
conditions than a human.  It has been perfected to the point that many large refrigeration systems 
have technicians available only on a singe shift.  However, automation is not a cure-all; 
technicians are necessary to monitor the system. 

Briley, G. C. 2004a. Refrigeration Applications: Maintaining Industrial Refrigeration Systems. 
ASHRAE Journal 46, 1:39. 

The article summarizes a study based on surveys, including 2,435 workers in 80 office buildings, 
of the associations between HVAC design and maintenance characteristics, work-related lower 
respiratory symptoms and asthma development.  The two types of maintenance commonly 
practiced are that of preventative and reactive.  Unfortunately, both of these systems require 
excessive downtime.  A much better way to maintain a system is predictive maintenance, which 
forecasts equipment problems and is performed while the equipment is in operation.  Predictive 
maintenance is cost effective in four specific areas in the normal refrigeration system: mechanical 
vibration analysis for rotating machinery, periodic lubricant testing for refrigerating compressors, 
vessel inspection with ultrasonic thickness gauges and infrared inspection of all equipment 
including electrical gear.  Vibration analysis, when performed by a qualified technician, can 
predict failure of compressor components and often vibration equipment.  Vibration is caused by 
a force that changes direction or intensity.  If a failure mode exists, plans can be made to repair 
the thrust bearing at the next plant shutdown.  It is imperative to maintain a file on each 
compressor and to conduct a vibration analysis every six months. 

Predictive maintenance reduces maintenance costs because maintenance is only scheduled as it is 
needed. It reduces overtime because it can help predict when a machine may fail; it reduces repair 
cost because major repairs are practically eliminated; it reduces unplanned system downtime; it 
extends the life of the compressor; it increases plant safety; and it helps control insurance costs. 

Briley, G. C. 2004b. Refrigeration Applications: Maintaining Industrial Refrigeration Systems. 
ASHRAE Journal 46, 2:48. 

The older the system, the more reason to have the vessels and piping checked for thickness to 
ensure that the rusting has not reduced the pipe or vessels’ metal thickness to an unsafe 
dimension. 

Two important approaches to predictive maintenance are checking vessel and piping metal 
thickness with ultrasonic thickness gauges and inspecting equipment for hot spots using infrared 
technology.  Rust on piping and vessels can become hazardous.  Older systems are inefficient and 
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the insulation system for the cold surfaces can deteriorate to a point where it is of little value.  
Insulation systems and procedures for installation were as good as they are now.  Infrared 
inspection systems, though expensive, are quite valuable.  In all predictive and preventative 
maintenance procedures, 100% safety is the goal to be attained. 

Brown, T. 2002. Making Cents of Preventive Maintenance for Centrifugal Chillers. Energy & Power 
Management. Available online: 
http://www.energyusernews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,2584,72487,00.html.  Downloaded on May 1, 2005. 

Preventive maintenance programs for chillers can lead to fewer service calls, longer equipment 
life, and reduced energy consumption.  Using daily logs is a main aspect of a preventive 
maintenance program.  Readings can be used for reference and establishing a history for the 
operation of the system.  The control center of the chiller should be inspected regularly, including 
checks on the settings, calibration of control panel, and electrical connections.  Mechanical 
components should be checked as well, using vibration analysis tools.  Leaks and charge levels of 
the refrigerant should be evaluated on a regular basis, with leaks being repaired immediately and 
charge levels checked monthly.  Condenser tubes should be cleaned annually to prevent corrosion 
or scale build up on the tubes that will degrade the equipment.  

Brown, W. K. 2000. Practical Guide: Operation and Maintenance of Evaporative Coolers. ASHRAE 
Journal 42, 7:27-31. 

Evaporative cooling (air conditioning) was used long before the advent of mechanical 
refrigeration and its application to comfort cooling.  Equipment and systems are available for 
residential, commercial, agricultural, and industrial markets.  Direct evaporative cooling most 
often is thought of and used to provide temperature reduction.  In recent years, the development 
of highly effective indirect evaporative coolers has broadened their application to include 
ventilation air pre-cooling.  Indirect evaporative cooling in combination with direct cooling 
enhances overall system performance.  Direct evaporative cooling improves indoor air quality by 
its cleansing effect (for example industrial scrubbers).  Evaporative cooling technology has many 
thermodynamic and environmental advantages.   

A clean water system is the most important aspect for maintaining an evaporative cooling system.  
This together with periodic inspection of the media for potential scaling, biological fouling or dry 
spots with appropriate remedial action is essential.  Good housekeeping practices along with 
recommended annual/periodic maintenance will produce a well-operating evaporative cooling 
system without biological, air quality or water quality problems. 

Checket-Hanks, B. 2000. Maintenance and Efficiency of Evaporative Condensers. Air Conditioning, 
Heating & Refrigeration News. November. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,14409,00.html. Downloaded on May 1, 2005. 

In order for the entire refrigeration system to operate at peak efficiency, the evaporative 
condenser must be maintained for reliability.  Condensers should be maintained to avoid high 
head pressure, which can lead to harder work for the rest of the system.  The four main areas of 
evaporative condenser maintenance that service technicians should focus on are:  

 1. Routine maintenance 
 2. Water treatment 
 3. Purging 
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 4. Piping 

Checket-Hanks, B. 2002a. Evaporative Cooling Maintenance Offers Lucrative Niche. Air 
Conditioning, Heating & Refrigeration News. May. Available online: 
www.achrnews.com/CDA/ArticleInformation/ 
features/BNP__Features__Item/0,1338,77404,00.html.  Downloaded on May 1, 2005. 

Maintaining and upgrading evaporative cooling systems can be lucrative because there are not 
many people willing to maintain them.  Evaporative cooling maintenance allows service 
companies to use employees who are not trained for service involving refrigerants.  Contractors 
can use minimum-wage employees for evaporative cooling maintenance.  Manufacturers of these 
units recommend that they be serviced twice per cooling season. 

Servicing evaporative coolers involves: 

 Replace the pads 
 Clean water reservoir/bottom pans 
 Service the motor and blower  
 Check the water impeller pump 
 Check V-belt tension 
 Check the float valve 
 Make sure dampers are open  
 Check for leak 

Checket-Hanks, B. 2002b. Chiller Product Controls the Refrigerant-Oil Factor. Air Conditioning, 
Heating & Refrigeration News. July. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,80188,00.html.  Downloaded on May 1, 2005.  

Excess oil in the refrigerant lowers chiller system efficiency by coating evaporator coils and 
affecting heat transfer surfaces.  ASHRAE and ARI studies identify excess oil on the refrigerant 
side of the chiller as a leading contributor to chiller inefficiency. 

Mark Key of Redi Controls says that chiller manufacturers have reported that most chillers in the 
field are running with 12 percent excess oil in the refrigerant, which amounts to a 36% drop in 
efficiency.  At 0.5% oil content, oil is a lubricant; higher than that and it decreases system 
efficiency. 

Redi Controls’ OAM Purge unit can remove oil, acid and moisture, which can affect chiller 
efficiency and reliability.  The OAM purger draws off a small amount of refrigerant and distills it 
before returning it to the chiller.  The unit costs $6,000 to install and has a payback of 6 months. 

Checket-Hanks, B. 2002d. Regular Maintenance Keeps Chiller Efficiency High. Air Conditioning, 
Heating & Refrigeration News. July. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,80464,00.html. Downloaded on May 1, 2005. 

Despite the high level of technology in today’s chillers, they still need regular maintenance.  
Inspection and maintenance of the chiller’s major components – tubes, oil, compressor, 
condenser, refrigerant, and starting equipment – is necessary to help today’s high-efficiency 
chillers maintain those efficiencies. 
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According to Jeff Carpenter, marketing manager for Carrier Commercial Service, the top areas 
that affect chiller efficiency are: tubes which need to be cleaned and maintained; controls, which 
need regular inspection and calibration; refrigerant charge optimization; and regular oil changes 
and a yearly oil analysis.  Carpenter adds that taking daily or weekly readings is the most 
overlooked work on chillers because staff tends to ignore this task if there are no apparent 
operating problems.  Regular readings, however, allow trend analysis that reveals problems 
before they result in equipment damage and downtime. 

Duncan, T. 1999. The Rotary Screw Compressor. Back to Basics. ASHRAE Journal 41, 5. 
The rotary screw compressor was invented in 1878, but its commercial application developed 
slowly because of its inability to match tight tolerances with existing manufacturing equipment.  
Several manufacturers recently have introduced chillers with rotary screw compressors instead of 
the older reciprocating technology.  Rotary screw compressor technology offers many benefits 
over reciprocating types, including higher reliability and improved performance. 

There are two different rotary screw compressor designs – twin rotary screw compressor design 
and the single rotary screw design.  Fewer moving parts on rotary screw compressors have 
produced increased reliability over their reciprocating predecessors.  Connecting rods and valves, 
integral components to the reciprocating compressor design, can be easily damaged or broken 
with a slug of liquid refrigerant.  Most rotary screw compressors can handle limited amounts of 
liquid slugging without damaging the compressor.  Rotary screw compressor machines are 
different than reciprocating compressor machines of the past.  Their inherently smaller size leads 
to easier retrofit applications.  Any type of equipment will require maintenance; equipment with 
few moving parts will be less susceptible to scheduled maintenance and repair.  Unlike rotary 
screw compressors, reciprocating compressors require an overhaul every five years.  Rebuilding a 
compressor requires a clean environment to prevent debris from entering the system. 

Dyle, W. 1999. Coil Cleaning: A Real Maintenance Value. Air Conditioning, Heating & Refrigeration 
News.  April. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,4541,00.html. Downloaded on May 1, 2005. 

Keeping evaporator and condenser coils of an air conditioning or refrigeration system clean and 
free of foreign materials more than any other preventive maintenance procedure, results in energy 
efficiency and increased equipment life.  Regularly scheduled coil cleaning will help keep 
customer’s equipment running better and longer.  Adding a coil cleaning program to maintenance 
contracts will make the agreements more valuable.  Types of cleaners are presented and the 
benefits of each discussed.  

Condenser coils are outdoors and exposed to many environmental hazards.  Evaporator coils, 
while located inside, are just as susceptible to a buildup of contaminants.  Moreover, evaporator 
coils are usually damp from condensate and are placed in a cool, dark place – an ideal breeding 
ground for bacteria and other microorganisms.  Cleaning coils can help the system operate 
efficiently and help maintain a healthy living environment.  There are several different coil-
cleaning chemicals available and choosing a proper one is important.  Similarly, safe handling of 
the chemicals is also crucial.  Chemicals come in liquid and powder form and are both typically 
mixed and diluted with water to obtain the desired concentration.  The cleaner is allowed to 
remain on the coils for 5 to 20 minutes, depending on the directions, and then rinsed with water. 

Graham, K. M. 2004. 5 Steps to Chiller Efficiency. Maintenance Solutions. October. 
Chillers are a major contributor to operating costs in institutional and commercial facilities; in 
many organizations the chillers are the single largest energy users.  Thus, comprehensive 
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maintenance is critical to ensure their reliability and efficient operation.  While some places use 
predictive maintenance – including vibration analysis, infrared thermography, and rotor bar 
testing – to diagnose problems in advance, a comprehensive preventive maintenance plan remains 
the key to ensuring the best performance and efficiency of a chiller.  Improvement in chiller 
efficiencies over the past decade means that chillers now have tighter operational tolerances and 
regular service and maintenance is more crucial than ever. 

Five essential areas for a PM plan: 

 Maintain a daily operating log 
 Keep the tubes clean 
 Ensure a leak-free unit 
 Sustain proper water treatment 
 Analyze oil and refrigerant 

Grenz, R. 2002. Keep Chillers Operating at Peak Efficiency. Air Conditioning, Heating & 
Refrigeration News. July. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,80186,00.html. Downloaded on May 1, 2005. 

Although advances in chiller design over the years have significantly improved efficiency, 
maintaining the chillers efficiency is still in the hands of contractors and service representatives.  
New “high tech” chillers are built with narrower tolerances, making service and upkeep more 
crucial than ever. 

Heat transfer surfaces need to be clean because heat transfer has the single greatest effect on 
chiller efficiency.  As minerals, scale, mud, algae, and other impurities foul the tubes, thermal 
resistance increases and overall performance decreases.  Higher chiller approach temperatures 
indicate that heat transfer is decreasing; log sheets can help detect when temperatures start to 
change.  Installing a variable speed drive (VSD) on the chiller motor can offer significant energy 
savings and increased equipment life.  However, VSDs create an additional maintenance concern 
because VSD operation and controls must be periodically checked to ensure that speed is matched 
to load.  Changing from scheduled maintenance to predictive maintenance will help prevent 
major failures, reduce downtime for maintenance functions, and minimize emergencies. 

Herberg, S. 2003. Time for an Oil Change? Air Conditioning, Heating & Refrigeration News. 
February. Available online:  www.achrnews.com/CDA/ArticleInformation/NEWS_EE_News_Item/ 
0,6164,92027,00.html. Downloaded on May 1, 2005. 

Contractors do preventive maintenance to stay busy, generate revenue, and keep their customers’ 
units from failing when they need them the most.  One of the least expensive and most 
overlooked tests that can be provided during chiller PM is oil testing.  Oil testing often costs less 
than $100 and can check oil viscosity, bearing wear, moisture, and oil filter efficiency.  Oil 
testing can help spot a developing problem, as changes in operation are reflected in the properties 
of the lubricating oil. 

The second test that can be performed is refrigerant testing.  If the refrigerant contains 1% oil or 
more, 2% of a unit’s efficiency is lost.  Cleaner refrigerant will allow the unit to operate more 
efficiently.  High moisture content can contribute to acid production and system failure.   

Offering these tests during PM will help contractors find extra revenue.  This also improves the 
contractor’s image with the client because he may prevent a breakdown during a hot summer.  
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When something breaks down, the first thing that customers want to know is why the technician 
did not catch the problem during PM. 

Leach, D. 2001. Clean Coils Make Dollars and Sense. Air Conditioning, Heating & Refrigeration 
News. July. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,28786,00.html. Downloaded on May 1, 2005. 

Maximized system efficiency is an effective marketing tool considering today’s tight energy 
supplies and rising costs.  Optimum heat transfer from both the condenser and evaporator coils, 
and corresponding energy efficiency, is predicated on clean coil surfaces.  Airborne contaminants 
settle on the coil surfaces and impact the coil’s ability to transfer heat.  Pollen, bacteria, and mold 
spores on the evaporator coil will not only reduce heat transfer, but will also affect the quality of 
the air within the building. 

When the coil becomes fouled with dirt and grime, it cannot provide adequate heat transfer and 
power costs will increase.  Coil contamination will result in higher discharge pressure which 
increases amp draw and run time of the compressor while reducing capacity.  Equipment with 
dirty coils may use as much as 37% more energy than equipment with clean coils.   

A ten-ton air conditioning system, operating during a 1,500 hour cooling season will cost $1,650 
to operate with clean coils (assuming a typical kilowatt cost).  If the condenser becomes dirty, the 
operation escalates 37% to $2,260.  Clean coils can save $610 per year, or about $61/ton, in this 
example (and more in areas with higher energy costs or longer cooling seasons).  A typical four-
ton residential system would realize $248 savings in one cooling season. 

Dirty coils that restrict heat transfer also cause the compressor to work harder, thus adding more 
heat to the system and causing head pressure to rise.  Rising head pressure will result in a loss of 
cooling capacity of up to 30%.  If the 10-ton system in the previous example had a 30% loss, it 
would only provide seven tons of cooling.  Thus, the sample system will not only cost more to 
operate, but will provide less cooling. 

Leonard, H. 2001. A/C and Heat Pump Preventive Maintenance. Air Conditioning, Heating & 
Refrigeration News. April. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,24765,00.html. Downloaded on May 1, 2005. 

HVAC technicians should focus on preventive maintenance when doing service calls because 
good PM can result in an abundance of chargeable work.  Good PM is a win-win situation for the 
service company and its customer. 

The article lists and details the following PM issues: 

 Tighten all electrical connections 
 Check high and low voltage while machine is operating to check for voltage drops in the 

wiring 
 Check the components 
 Check for cleanliness  
 Check the refrigerant charge 
 Check the cooling temperature split 
 Check the seal of the return air plenum 
 Check for holes and leaks  
 Check line sets on split systems 
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 Check the air filter and clean or replace as needed 

Mazurkiewicz, G. 2002a. Maximizing Efficiency in Chillers, Rooftop Systems. Air Conditioning, 
Heating & Refrigeration News. January. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,70436,00.html. Downloaded on May 1, 2005. 

When evaluating the efficiency of chillers and rooftop units, the energy efficiency ratio (EER) 
might not be the best indicator of system performance because equipment only operates 1% of the 
time at design conditions.  Now there is integrated part load value (IPLV) for chillers which is a 
weighted formula that looks at 25%, 50%, 75%, and 100% load at off-design outdoor 
temperatures to represent the average kW/ton of the unit.  Similarly, residential and light 
commercial equipment uses seasonal energy efficiency ratio (SEER). 

One way to increase chiller efficiency is to install a variable speed drive on centrifugal chillers.  
Control panels can also be used to improve efficiency by maintaining closer tolerances on chilled 
water.  Maintenance on equipment keeps it running at peak efficiency.  New control panels take 
readings and produce logs that indicate when maintenance is necessary.  Rooftop units can also 
use control systems to improve efficiency by providing similar logs that indicate when 
maintenance is necessary. 

Perry, W. 2001. Maximizing Compressor Maintenance Intervals and Energy Savings. Plant 
Engineering (July):56-58. 

Maintaining compressors is a balance between energy costs and maintenance costs.  Performing 
service too soon can result in higher maintenance costs, while not servicing compressors regularly 
can lead to maintenance issues.  Filters affect the performance of compressors, with dirty filters 
decreasing the compressor pressure and capacity.  Electronic controls can help in determining 
when to perform the maintenance on compressors, and logging the intervals of maintenance and 
run-time will assist in the overall operation and life cycle of the compressor. 

Rector, J. D. 1997. Maintaining Gas Cooling Equipment. ASHRAE Journal 39, 5. 
An often-overlooked key to satisfactory operation and longevity of any mechanical device is 
proper operation and maintenance in accordance with the manufacturer’s written instructions.  
Absorption chillers, although they use a different technology than the more familiar vapor 
compression cycle to produce chilled water, can support a variety of applications if operated and 
maintained properly.  Absorption systems make up the majority of the gas cooling market.  Gas 
cooling, however, is comprised of several HVAC technologies other than just absorption.  Among 
these technologies, there exist similarities and differences regarding chiller operation and 
maintenance techniques. 

Purging is of critical nature, yet is a relatively simple procedure.  All absorption chillers 
continuously generate small amounts of hydrogen, and as a result must be purged along with 
other non-condensable gases.  Properly maintaining any absorption chiller includes ensuring that 
the chemical properties of the lithium bromide solution are maintained within recommended 
limits.  Corrosion inhibitors require handling in accordance with the supplier’s recommendations 
as detailed on the Material Safety Data Sheet (MSDS).  A regular maintenance schedule is critical 
for any chiller at the recommended frequency intervals.  This is extremely important for 
absorption chillers since operation is dependent on maintaining a chemical balance as well as a 
proper vacuum condition.  When the manufacturer’s recommendations are followed absorption 
chillers, which comprise the major portion of the gas cooling market, can provide trouble-free 
operation and operate for years at maximum efficiency. 
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Sacks, R. 1992. Reducing CFC Emissions in Centrifugal Chillers. AIPE Facilities (July):8A-9A. 
Preventing refrigerant leaks through routine testing and properly maintained purge units.  Most 
centrifugal chillers in service now use R-11, a CFC, as their refrigerant.  Well over seventy-five 
percent of the R-11 leaked last year from centrifugal chillers could be prevented through proper 
service and maintenance.  System leaks account for forty-two percent of the loss, eighteen percent 
is emitted via improper service procedures, inefficient purge systems vent twelve percent and 
twelve percent is lost to refrigerant contamination.  CFC emissions will grow more and more 
costly as fines are imposed for venting, taxes are increased on new CFCs and supplies dwindle.  
All existing leaks should be located and repaired promptly.  A schedule for routine leak testing 
must also be established.  A flooded system will appear to be operating well with less than a full 
charge, until it is required to run at full load.  Since full load is required only two percent of the 
time for most units, it is wasteful to wait until a lack of performance indicates refrigerant loss.  
Accurate log readings of all equipment should also be kept.  An idle centrifugal chiller should be 
maintained at a slightly positive pressure.  This can reduce emissions as well as the frequency of 
purges. 

Until recently, it was a common practice among service personnel to leak test by pressurizing a 
system with air or nitrogen while refrigerant was in the circuit.  After the test, the air or nitrogen 
was vented to the atmosphere along with large quantities of refrigerant.  Newer purge units 
should be installed to reduce the twelve percent that is lost through inefficient, poorly maintained 
purge units and by direct venting.  The contractor should be able to advise facility engineers on 
the impact of regulations to their operations, the best containment methods a system’s 
conditions/expected service life and various retrofit/replacement options. 

Within the article is an embedded article entitled ASHRAE Guides and Standards by William V. 
Richards.  The article discusses the ASHRAE standards for refrigeration and CFCs, what the 
ASHRAE guides and standards are, and what they have been in the recent past. 

Sine, J. 2004. Excess Oil: Problem Solved. Air Conditioning, Heating & Refrigeration News. April. 
Available online: www.achrnews.com/CDA/ArticleInformation/features/BNP__Features__Item/ 
0,1338,123166,00.html. Downloaded on May 1, 2005. 

ASHRAE studies indicate that excess oil entrained in a chiller’s refrigerant system significantly 
degrades performance and causes chillers to use significantly higher amounts of energy.  
Performance degradation by percentage of oil in evaporator is as follows: 1-2% oil in evaporator 
yields a 2-4% performance loss; 3-4% oil in evaporator yields a 5-8% performance loss; 5-6% oil 
in evaporator yields a 9-11% performance loss; and 7-8% oil in evaporator yields a 13-15% 
performance loss. 

Service contractors wait until oil buildup significantly decreases capacity before they attempt to 
remove excess oil during routine maintenance by decontaminating the refrigerant or recharging 
the chiller with new refrigerant. Long, low-load conditions can cause excess oil in chillers.  The 
article has a case study of a building that experienced a significant degradation in chiller system 
performance. 

A2.4 Cooling Towers and Components 
Burger, R. 1996. Gaining Energy Efficiencies in Cooling Tower Operations. AIPE Facilities 
(May/June):37-40. 

Design conditions are specified before a cooling tower is purchased, so when the tower 
specifications become inadequate, engineers look toward solutions other than the obvious.  All 
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cooling towers are purchased to function at 100 percent capability; however, the real level of 
operation is closer to 30 percent due to system under sizing, service requirements, plant 
expansion of needs, and slippage. 

In order to upgrade a cooling tower to produce higher levels of colder water that will conserve 
energy with its utilization, modern technology and the elements involved must be reviewed.  Air 
handlers are the least expensive fix to improve air handling to increase cooling air volume by 
pitching fan blades to a maximum angle.  Cross-flow water distribution patterns are set by the 
flow requirements and orifices located in the hot water distribution basin.  A higher level of 
performance can be obtained by removing the redistribution splash decks and replacing them with 
efficient cellular redistribution decks or target orifice nozzles.  The most dramatic improvement 
available in the performance can be obtained by installing cellular fill in conjunction with good 
spray nozzle pattern.  Change in high-efficiency SuperCellular film fill can result in 
improvements of as much as 10-15oF colder water, which could equal up to a 50% increase in the 
capacity of an existing tower.  Additionally, for every degree Fahrenheit of colder water retuning 
from the cooling tower, within the operating range of the compressors, 2.5% less energy will be 
required by the compressor.  In many cases, the limiting factor of production is the quantity of 
cold water coming off the cooling tower.   

Within this article is an embedded article entitled, Cooling Tower Operations Cost Reduction by 
Mark A. Lowe.  The challenges faced today by providing excellent customer service while 
reducing costs is the goal of a well-run plant engineering and maintenance department.  One big 
advantage of using tarps versus wood to cover a cooling tower operation to reduce chemical 
usage and algae growth is that they are virtually maintenance free.  The only maintenance 
required is that they be hosed off during the spring inspection.  Another advantage is the 
reduction of chemical biocides. 

Checket-Hanks, B. 2002f. The Heartbreak of White Rust. Air Conditioning, Heating & Refrigeration 
News. November.  Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,87716,00.html. Downloaded on May 1, 2005. 

White rust occurs on galvanized carbon steel that comes in contact with soft water (less than 30 
ppm total hardness, greater than 8.2 pH).  White rust is a waxy, white coating that can be wiped 
away, but can cause brand-new untreated condensers and cooling towers to fail in a very short 
time because white rust can turn to damaging red rust.  Soft water and high phosphates can cause 
the zinc galvanization to sacrifice itself and white rust can quickly strip away a zinc coating 
completely.   

To prevent failure, a contractor needs to find out about local water conditions that can determine 
whether passivation is needed.  White rust occurs in equipment that has no water treatment for an 
extended period of time.  Experts assert that it is easier to prevent white rust than it is to get rid of 
it.  Prevention involves working with a water treatment firm to passivate the system.  Passivation 
is chemical water pretreatment of galvanized steel that helps form a protective coating to prevent 
initial corrosion.  A good inhibitor program should be started right after the acid cleaning to make 
the cleaning beneficial.  If too much acid is used, then all of the galvanization will be removed. 
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Clark, D. 2004. Maximizing Chiller Efficiency.  Air Conditioning, Heating & Refrigeration News. 
November. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/BNP__Features__Item/ 
0,1338,142585,00.html. Downloaded on May 1, 2005. 

Chillers can typically consume over 50% of the electrical usage in a facility and use 20% of the 
total electrical power generated in North America.  The U.S. DOE estimates that chillers expend 
up to 30% in additional energy through inefficiency.  Inefficient chillers cost billions of dollars in 
energy and also result in decreased equipment reliability, increased maintenance intervals, and 
shortened lifespan.  Every 1°F increase in condenser water temperature above full load design can 
decrease chiller efficiency by 1 to 2%.  A failing water treatment program can reduce efficiency 
10 to 35%.  Presented here are suggestions for maximizing chiller efficiency.  

Galey Jr., M. D. 1990. Controlling Scale Corrosion and Bacterial Growth. AIPE Facilities 
(September/October):66-71. 

As expected, the U.S. Environmental Protection Agency has banned the use of hexavalent 
chromium water treatment chemicals for comfort cooling towers and refrigeration systems.  
Therefore, as of May 28, 1990 (15 years ago), hexavalent chromium chemicals cannot be used.  
Chromate-based corrosion inhibitors have often been desirable as a means to help extend 
equipment life by preventing corrosion and reducing energy costs by minimizing deposition of 
corrosion products on heat transfer surfaces.  Hexavalent chromium was used to inhibit the scale 
and corrosion in open/closed cooling water loops of HVAC systems.  With all of this in mind, 
there is a drive to switch to non-chromate-containing corrosion/scale control programs.  This will 
result operators needing to better control their cooling water treatment programs because non-
chromate-containing programs require tighter control for proper operation. 

There are five steps to a hassle-free conversion: 1) plant survey, 2) program selection, 3) correct 
current deficiencies, 4) establish baseline performance standards, and 5) implementation.  
Typically, wet chemistry methods have been used to measure non-chromate-containing product 
concentrations.  This has led to inaccuracies and difficulties due to the difficulty of the wet 
chemistry method.  As a result, there are new methods that are used.  Today’s corrosion inhibitors 
can be classified into five basic categories: 1) all-organic, 2) molybdate-based, 3) zinc-based, 4) 
phosphate-based, and 5) combinations of 1-4. 

All of these various new methods for controlling scale and corrosion have the disadvantage of 
requiring tighter control of chemical feeds to a system.  This means that it is beneficial to 
implement a monitoring system to ensure tighter controls.  Through planning, data collection and 
corrective action, the hassles of any change in cooling water treatment can be eliminated. 

Stout Jr., M. R. and J. W. Leach. 2002. Cooling Tower Fan Control for Energy Efficiency. Energy 
Engineering 99, 1:7-31. 

There are many opportunities to increase the performance of cooling tower fans through control 
that lead to energy and cost savings.  Case studies are presented along with calculations of energy 
savings for conservation opportunities.  Though dependent on climate, the control of the cooling 
tower fans, through various speed and variable speed fans can be achieved.  Proper operation and 
maintenance can increase the energy efficiency of cooling tower fans as well.   
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A2.5 Fans and Components 
Equipment Maintenance Advice: HVAC.  2002. Maintaining Fans. Public Service. Research report 
prepared for the Wisconsin Public Service. 

A supply fan’s two key maintenance requirements are bearing lubrication and blade cleaning.  
Older units have sleeve bearings that should be lightly oiled two or three times per year.  Newer 
fans are equipped with self-lubricating bearings (sealed-cassette ball-bearing cartridges preloaded 
with grease).  There is no way to regrease these bearings, so they must be replaced when they fail 
(impending failure is evident from excessive noise, vibration and heat).  Conventional greased 
bearings are occasionally found in RTUs and the most common problem with these bearings is 
over greasing (which can be just as damaging as under greasing). These bearing should be 
greased until grease comes out of the drain. 

Equipment Maintenance Advice: HVAC. 2001. Maintaining Condenser Fans and Motors. Public 
Service. Research report prepared for the Wisconsin Public Service. 

Typical operation of condenser fans and their associated parts are discussed along with problems 
commonly encountered.  Some suggestions are made for improved operation and issues to look 
out for.  Condenser fans are propeller fans usually coupled directly to one horsepower induction 
motors.  The condenser fan operates in more difficult conditions than evaporator fans due to 
being vertically mounted, located in the stream of hot condenser air, and exposed to rain and 
snow.  Condenser fan motors come with sealed-cassette ball bearings that need no lubrication.  
Rapid on-off cycling of a condenser fan (three minutes or less) leads to poor control of the 
refrigeration system and can wear out the fan motor prematurely.   

Goodrich, J. 2002. The Maintenance Schedule for Your Dehumidifier. Air Conditioning, Heating & 
Refrigeration News. August. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,81992,00.html. Downloaded on May 1, 2005. 

Many technicians and building owners recognize that regularly scheduled maintenance 
inspections are the best way to ensure that equipment is operating at peak performance, but most 
dehumidifiers seem to be neglected. Maintenance is organized into times: monthly and annual. 

Mazurkiewicz, G. 2001. When Servicing Motors, More is Certainly Better. Air Conditioning, Heating 
& Refrigeration News. March. Available online:  
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,22827,00.html. Downloaded on May 1, 2005. 

Servicing electric motors is more important than ever.  Because electricity prices are so high, 
motor service is critical.  Motor reliability is an important factor as well. Because the end-user has 
fewer personnel, the relationship with the service shop is more important than in years past.  
Maintenance is being outsourced more and more.  Some larger companies are doing more 
predictive maintenance and some companies with budget constraints have cut maintenance. 

Chuck Yung of the Electrical Apparatus Service Association (EASA) has noted that smaller 
companies rely on the service shop to come in and do vibration analysis, IR thermography and 
identify potential motor problems before the resulting failures. The decision to replace an older 
motor should consider the age and efficiency of the motor, as well as the hours of operation.  The 
single most important concern of end users is reliability.   
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A2.6 Boilers 
Air Conditioning, Heating & Refrigeration News. 2000. Have You Inspected Your Safety Valves 
Lately? June. Available online:  www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,3871,00.html. Downloaded on May 1, 2005. 

Safety valves should be inspected even though they are maintenance free.  When performing the 
visual inspection, watch out for: broken or missing seal wires; signs of corrosion that could 
prevent the valve from functioning properly; valve leakage; missing nameplate; and “stacked” 
relief valves.  A stacked relief valves is a second relief valve on the outlet of an existing relief 
valve that is leaking (this is not permissible by code because it multiplies the pressure setting). 
Guidelines for valve selection and installation are provided.  

Moore, B. 2003. Proper Boiler Operation and Maintenance. Air Conditioning, Heating & 
Refrigeration News. September. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,107164,00.html. Downloaded on May 1, 2005. 

Hundreds of accidents involving steam and hot water heating boilers are reported each year.  The 
majority of these accidents are attributed to malfunctioning low water cutoffs, operator error, 
poor maintenance, and/or corrosion.  Regular maintenance and testing of control or safety devices 
are essential for any boiler.  This article covers maintenance on critical safety and control devices 
for boilers, as well as recommendations to keep a boiler in proper working condition.  The boiler 
manufacturer, insurer, or state boiler authorities can be a good resource for maintenance and 
testing procedures. 

Boiler logs are the best method to ensure a boiler is receiving the required attention and provide a 
continuous record of the boiler’s operation maintenance, and testing.  Logs are essential for 
boilers because a boiler’s operating conditions change slowly over time and problems may not be 
detected if not for proper logs.   

Showers, G. M. 2000. Preventive Maintenance for Burner-Management Systems. HPAC 
Heating/Piping/Air Conditioning Engineering (February):35-37. 

The 1999 boiler room explosions in Michigan brought attention to burner management systems 
and the importance of keeping these systems in top working order.  A good burner management 
system monitors safety prior to and during normal operation.  A burner management system shuts 
off the fuel supply to the burner when the burner is operating in unsafe conditions.  This article 
presents findings of research on a number of boilers and how burner management system devices 
can fail as well as presenting a preventive maintenance program to reduce burner management 
system failures. 

In a survey of 21 boiler systems at seven plants, 15 safeguard devices were inoperative.  These 
plants, like most plants, operate without a check of the functionality of their burner management 
systems.  This survey shows the need for a preventive maintenance program.  This program 
should involve testing of the safety devices, replacement of faulty devices, data logging and 
analysis and training of operators.  Testing of the safety devices should entail the following 
testing methods: mechanical device application, bench-testing and in-place testing.  Faulty 
devices should be immediately replaced.  The leading contributing factor in incidents involving 
fire-powered and heating boilers is operator error.  These operators should be trained to perform 
testing in order to improve the overall safety of the process. 
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Turpin, J. 2001. Don’t Neglect the Beast in the Basement. Air Conditioning, Heating & Refrigeration 
News. May. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,26761,00.html. Downloaded on May 1, 2005. 

A poorly maintained boiler will have decreased life, increased operating costs due to inefficient 
use of fuel, or compromise safety and risk property loss.  Oil boilers are typically dirtier than 
natural gas boilers and oil loses its efficiency over time, producing soot that adheres to the inside 
of the boiler.  Both oil and natural gas boilers produce sulfur dioxide, an acid that can eat away at 
the boiler.  Annual cleaning is necessary to prevent deterioration.  When inspecting a boiler on 
regular maintenance visit, turn it on, look at it, and listen to it.  Listen to the water circulator and 
the burner.  Look at the water in the glass to evaluate if it is dirty or has oil floating on it.  Check 
pressures throughout the distribution system and check the expansion tanks to make sure they are 
sufficiently pressurized. 

The controls should be checked during regular maintenance following the manufacturer’s 
recommended maintenance procedures.  Remove and clean the strainer and cartridge, replacing as 
necessary, for mechanical feeders.  For float controls, remove, inspect, and clean the float 
mechanism, and replace if necessary.  For forced-circulation boilers, remove, inspect and clean 
the flow switch.  It is also a good idea to wipe the boiler down with some cleaning solvent after 
servicing.  It only takes a minute and makes a good impression on the client. 

A checklist for a routine boiler maintenance call includes the following items: check the fuel train 
for proper operation, leaks, and safety controls; check combustion operation and safety controls; 
check the boiler water chemistry to ensure proper water treatment, if necessary, is being 
performed; ensure that all safety devices on the boiler are operating as required and designed – 
this includes the safety valve, temperature or pressure controls, pressure gage, thermometer (on 
hot water boilers), and low-water or flow-sensing devices; check for indications of leaks in the 
boiler and heating system; check for signs of overheating; and check for proper exhausting of 
combustion gases. 

A3 BENEFITS 

A3.1 Energy 
Nicholas Jr., J. R. 1994. Motor Circuit and Current Signature Analyses. AIPE Facilities 
(July/August):12-15. 

According to a study from 1985, over one-third of failures that occur in commercial and industrial 
motors are electrical or electro-mechanical in nature, specifically failure associated with the stator 
or rotor.  While over 75% of industrial facilities use a predictive maintenance such as vibration 
analysis or shock pulse monitoring, very few monitor for electrical degradation.  This is due to 
the novelty of technologies related to predictive maintenance of electrical degradation.  Two of 
these technologies are motor circuit analysis and motor current signal analysis.  The root cause of 
motor failure is frequently found outside the motor.  Voltage imbalance is believed to be the main 
cause of motor failures, but this is not normally a result of the power company.  It is often a 
problem within the plant. 

The most common way to detect motor faults in the recent past has been infrared thermography.  
Future failure was predicted by comparing the image to past images and finding hot spots.  
Infrared thermography is limited by barriers and panel lockout requirements.  Motor circuit 
analysis can be used to allow a predictive maintenance analyst to detect almost all major 
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problems of an electrical or electro-mechanical nature in AC motors as well as some of the 
failures in DC motors.  The circuit analysis should be used to detect potential failure in the 
circuit, stator, rotor bars and end rings. 

Portland Energy Conservation, Inc. 1997a. Energy Management Systems: A Practical Guide. 
October. 

This is a guidebook that is intended for facility managers, owners, or staff who use energy 
management systems.  Automatic building control began in the 1880s and today is standard 
practice.  There are numerous opportunities for energy management system improvements.  Many 
of the advanced energy management systems features are under-utilized; one of these features is 
monitoring capabilities. 

The chronological order of the life of an energy management system is as follows: 

 Evaluating an existing energy management system 
 Specifying and selecting a new energy management system 
 Commissioning new energy management systems 
 Service contracts for energy management systems 
 Strategies for optimization 
 Using energy management systems for operational diagnostics 
 Non-energy control applications 

Portland Energy Conservation, Inc. 1999a. Fifteen O&M Best Practices for Energy-Efficient 
Buildings. September. 

Building operation and maintenance programs specifically designed to enhance operating 
efficiency of HVAC and lighting systems can save 5 to 20 percent of the energy bills without 
significant capital investment.  The 15 Best Practices described in this booklet are strategies that 
facility managers, energy managers and property managers can use to integrate energy-efficient 
operation into their organizations’ O&M programs and to obtain support from senior 
management. In line with the series’ focus on energy, best practices are defined as those O&M 
activities, methods, and approaches that contribute to, or are directly responsible for, producing 
energy savings while maintaining or enhancing indoor environmental quality and equipment 
reliability.  Each of the best practices fall into one of the following four major categories: 
management, resources, and energy-efficient O&M.  These O&M best practices save energy 
while maintaining or enhancing indoor air quality and equipment reliability. 

Management consists of energy-efficient building operation and the “big picture.” Management 
includes goals, planning and energy accounting.  An energy-efficient operation requires an energy 
management plan as a primary component to minimize waste and optimize energy cost savings.  
Energy-efficient building operation is a team effort that requires everyone’s work.  The first step 
of creating a team to accomplish the facilities goals is to obtain the right staffing.  Secondly, the 
building operators need to be trained in energy-efficient O&M activities.  The next category is 
resources, which includes documentation, tools and assessments.  The final category is energy-
efficient operation and maintenance.  This category includes the operation portion of operations 
and maintenance.  This includes tune-ups, automatic controls, scheduling, tracking and preventive 
O&M.  These tips are inexpensive measures to be taken that result in significant savings. 
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Portland Energy Conservation, Inc. 1999b. Making the Old Work like New: Tuned Up for Success, 
Building Tune-Up Demonstration Project. Building Tune-Up Resources. September. 

This article details a best practice plan of action based on the experiences obtained through five 
audits of four different facilities.  These practices include the tune-ups on the following systems 
to reduce energy costs and increase preventative maintenance: HVAC, refrigeration, 
maintenance, EMS, envelope, lighting, domestic hot water, equipment control and 
documentation.  The total costs for the five audits of $62,710 and the total savings of $80,636 
results in a payback of 9.3 months.  According to this article, commercial and retail facilities can 
capture significant energy savings opportunities through low-cost improvements in O&M 
procedures.  Tuning up for success is a process to make the old work like new. 

At one plant, this process includes reviewing building documentation, developing a tune-up plan, 
performing an on-site survey of the current O&M practices, performing a two-week diagnostic 
monitoring, developing recommendations for cost-effective improvements, and performing post-
improvement monitoring.  Other plants contain other tune-up processes. 

Portland Energy Conservation, Inc. 1999c. Operation and Maintenance Assessments: A Best 
Practice for Energy-Efficient Building Operations. September. 

Operations and maintenance (O&M) improvements can yield savings of five to twenty percent of 
a building’s annual utility bill.  Simple paybacks are generally less than two years, which equals a 
98% IRR (based on a 7 year measure life.)  An O&M assessment provides a systematic look at all 
aspects of the current O&M practices including the management structure, policies, and user 
requirements that influence them. It may include: 

 Interviews with management, O&M personnel and service contractors 
 A review of equipment condition, building documentation, and service contracts 
 Spot tests of equipment and controls 
 Trend or data logging of critical data points (temperatures, pressures, electrical, etc.) over 

time 
Although the O&M assessment can be as expensive and sometimes more expensive to perform 
than the traditional energy audit ($0.11 - $0.35 per square foot), the findings from the assessment 
are usually much less expensive to implement because they do not involve installing large capital 
improvements. 

Commissioning consulting firms and engineering firms that provide commissioning and 
diagnostic or retro-commissioning services as part of their core business activities usually are 
well-suited to perform O&M assessments.  Benefits of O&M assessments vary but most of the 
benefits are informational.  The gathering and analysis of this information reveals where 
improvements are needed and which improvements are most cost-effective.  The most obvious 
candidates for an O&M assessment are buildings with any one or a combination of the following: 
significant energy costs, excessive comfort complaints, control problems, suspected IAQ issues, 
and repeated equipment failures. However, almost any commercial office building can benefit 
from an O&M assessment, including new buildings. 

Slizewski, L. S. 1992. The Role of Infrared Surveys in Loss Prevention. AIPE Facilities 
(January/February):64-66. 

Loss-prevention savings can be realized through regularly conducted infrared thermographic 
surveys of plant electrical equipment and systems.  This is true even after subtracting the cost of 
the surveys and the cost to correct the problems uncovered.  IR surveys allow plant engineers to 
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prevent equipment problems from escalating into much most costly equipment failures.  About 
one-third of all equipment losses are electrical in nature.  About one-fourth of these losses are 
caused by loose connections.  About eight electrical hot spots are detected per each IR survey.  Of 
these four are minor or intermediate in severity and four are serious or critical.  Each 
minor/intermediate problem detected results in an average potential savings of $500.  For the 
serious and critical problems this number is $3,000-5,000.   

Based on savings averages of these eight hot spots, the total potential savings are $14,000-22,000 
per IR survey.  Over a five year period, it is estimated that savings would reach $600,000 to $4.5 
million, depending on the size of the plants.  Most problems detected by IR surveys are minor or 
intermediate in severity, such as loose connections or defective small electrical components.  
Many of these cost $100-200 to fix, resulting in attractive paybacks.  There are also hidden 
benefits to these IR surveys.  The prevention of production losses is one of the more obvious 
benefits.  IR thermography enhances even the best of modern preventive/predictive maintenance 
programs.  Pure preventive maintenance wastes a lot of costly man-hours.  There are obvious 
benefits over reactive maintenance.  IR thermography can be done either in-house or out of 
house.  Comparing the costs of a top-quality, professional survey with the average $14,000 in 
potential savings detected per survey indicates the high potential payback of IR thermography. 

A3.2 Equipment Life 
Arndt, J. 1991. Bearing Lubrication Systems for Electric Motors. AIPE Facilities (May/June):11-13. 

Proper and efficient maintenance can add years of life to plant machinery, while reducing repair 
costs and lowering overall capital expenditures.  The electric motor is one of the toughest and 
most widely used working machines in industry, where its services are often critical to production 
and thus must perform reliably.  This efficiency can be ensured through product maintenance 
starting with product design.  One of the most important design considerations for obtaining high 
motor reliability is through bearing lubrication.  This must include flexibility to enable proper 
working in a variety of mountings, corrosion resistance to protect the bearing surface, positive 
initial lubrication, cool bearing temperature, contaminant restriction, and positive relubrication 
procedures. 

Positive lubrication prevents under- and over-lubrication, breakdown, and enables surplus grease 
to be released along the motor’s shaft.  Positive lubrication ensures that the grease is channeled to 
avoid premature leakage through the drain or along the shaft.  Another benefit of a positive 
lubrication system is cooler bearing operating temperatures because grease is channeled out 
efficiently.  A regularly scheduled maintenance program for motors will extend their lives and 
help provide trouble-free operation.  Relubrication of a motor is necessary after it has been in use 
long enough to remove most of the oil from the grease base, leaving nothing but dry grease 
residue. 

Bannister, K. E. 1994. Equipment Maintenance Key to Cost Competitiveness. AIPE Facilities 
(November/December):37-40. 

Manufacturing/maintenance readiness (MMR) is a pre-engineered approach to equipment design, 
maintenance function, performance and costing.  With today’s competitive market, only those 
manufacturers who operate first class equipment with assured reliability at full capacity will be 
truly cost competitive.  Maintenance functions have made great progress in the past few decades.  
As a result, maintenance is now nearly universally recognized as an integral factor in the 
production and quality chain.  Maintenance is taking on the on the new label of “profit center.”  
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Preventive maintenance has also picked up two new labels, “positive maintenance” and “profit 
maintenance.” 

The largest variable manufacturing cost in maintenance is to ensure equipment availability.  By 
understanding equipment failure and designing the manufacturing equipment for maximum 
availability and reliability, the product manufacturer is able to fix and amortize the variable costs 
over the product life cycle.  The following eight specific improvement and assessment areas need 
to be addressed to qualify a piece of equipment as manufacturing/maintenance ready: equipment 
design; reliability engineering for the end user; health monitoring; quality control standards; 
preventive/predictive maintenance task standards; troubleshooting guides; interactive multimedia 
training; and operator involvement planning. 

Once a machine is manufacturing and maintenance ready it will allow the original equipment 
manufacturer (OEM) and the end user to explore the possibility of full maintenance leasing where 
the OEM provides the equipment fully maintained with a guaranteed availability for a determined 
length of time.  The commitment to MMR brings many other benefits: equipment availability, 
optimized maintenance levels enhancement, TPM ready, equipment reliability, reduced 
preventive maintenance enhancement and reduced scheduled maintenance. 

Brown, M. V. 2003a. Applying the Predictive Approach. New Standard Institute, Inc. Available 
online: www.newstandardinstitute.com. Downloaded on May 1, 2005. 

The predictive maintenance cycle is described, which compares the trend of measured parameters 
against known engineering limits in order to analyze, detect and correct problems before failure 
occurs.  Equipment is separated into categories, and then sub-divided into types, failure modes 
and causes and the best detection method.  The lifespan of equipment id described as the 
“Bathtub Curve” in which there is a peak at the beginning of the lifecycle of equipment due to 
high failure probability with new equipment.  Then there are random failures throughout the 
majority of the lifespan of the equipment, and an increase in the number of failures as equipment 
ages.  In order to properly employ PDM, there are several factors that must be addressed: 1) 
finding the parameters of the equipment to understand how failures can be predicted, 2) defining 
limits in which the equipment should operate, and 3) determine limits based on product quality 
required.   

Griffiths, D. 1996. Evolution of Computerized Asset Management and Maintenance. AFE Facilities 
Engineering (September/October):39-41. 

Facility managers are now seeing how computerized asset management and maintenance is a way 
to achieve improved efficiency in their organizations.  Facilities management, particularly 
maintenance, has historically been viewed as purely an overhead expense to be driven down.  By 
using a software program that is designed for asset management, the focus of the effort goes from 
measuring the costs of maintenance as an expense to measuring it in terms of customer 
satisfaction and the provision of services as and when they are needed.  Until recently, many 
senior managers perceived asset management and maintenance as a necessary cost, rather than as 
an opportunity offering potential benefit, and may well have delegated it to the realms of lower to 
middle management as an engineering issue.  Often considered a necessary cost to other areas of 
business, maintenance has not, until recently, enjoyed the investment within a business such as 
legal or finance.   

Asset management and maintenance breaks down into two discrete, definable levels.  The first is 
the strategic level, where high-level corporate objectives and business plans are inputted into the 
asset management process.  The second is the operational level where the actual methodology on 
the ground is managed.  Both of these areas are influenced by other corporate functions: finance, 
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human resources, operations, etc.  There are significant improvements that can be made, in terms 
of both costs and efficiency, from the implementation of asset management and maintenance 
systems and practices.  It is critical that assets are fit for their intended purpose, perform safely 
and with respect for environmental integrity, and most of all, deliver what the users want, when 
and where they want it.   

Within the article is an embedded article entitled Five Components to Consider in a CAMMS.  
The article simply states and very briefly explains each of the five components to consider in a 
computerized asset management and maintenance system (CAMMS).  Once it is determined that 
a company wants to investigate the attributes of adding a computerized asset management and 
maintenance system to their existing company information system, there are five areas that need 
to be considered.  They include integration, technology, ease of use, asset management 
functionality and maintenance functionality. 

Malm, H. and F. Halpern. 1996. Ultrasonic Detection Eliminates Costly Leaks. AFE Facilities 
Engineering (May/June): 29-32. 

Companies derive significant savings by using ultrasonic detection to find and eliminate costly 
leaks.  Ultrasonic detection relies on the ultrasonic waves produced by a variety of mechanical 
and electrical processes.  The pitch of these waves is over 20 kHz and far too high to be detected 
by the human ear.  The ultrasonic detection device translates the vibrations into sound that can be 
heard through loudspeakers or headphones.  When a gas flows from a high pressure to a low 
pressure through a small hole, turbulence is generated.  This creates sound in the ultrasonic 
region, where the background noise is often small, enabling the leak to be heard ultrasonically. 

The ultrasonic detector can be used to detect compressed air leaks, wear on bearings and gaskets, 
and refrigeration and steam leaks.  Ultrasonic leak maintenance can lead to significant savings on 
utility bills each month.  A leak maintenance program can also lead to eliminating the purchasing 
of unnecessary equipment. 

Player, G. M. 1996. Implementing CMMS: Managing the Process. AFE Facilities Engineering 
(March/April):53-60. 

Implementing a CMMS through a management plan will increase CMMS performance, 
guaranteeing customer satisfaction and success.  Maintaining a facility should be considered 
maintaining an asset versus putting capital into a cost center.  There has been much written about 
this subject but actually doing a better job at maintaining this asset has come under intense 
corporate scrutiny in recent years.  Applying today’s technology, with the utilization of a 
computerized maintenance management system, can transform this cornerstone into a foundation 
of facility management success. 

When scheduling equipment for planned maintenance, many systems and standard databases exist 
with predetermined frequencies for maintenance.  Another reformatting of the planned 
maintenance was the “cross-training” of current staff.  Traditional, staffing had included 
mechanics that specialized solely in one area of facility maintenance such as steam fitting, 
refrigeration or electrical.  To be cost-effective and to increase job security, it has become 
necessary to possess multi-skill capabilities.  Implementation of a CMMS did not stop when data 
retrieval was completed, equipment work orders scheduled, load leveling administered and work 
orders printed.  The TQM process required that the CMMS be continuously updated.   

Within the article is an embedded article by Howard J. McKew, PE, CPE, entitled Keeping Up 
With Computer-Age Technology.  The operation and maintenance staff was considered a 
necessary evil – overhead cost of doing business.  Maintenance procedures, like the system 
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operations, also were relatively simple in the past.  Preventive maintenance existed in a file 
cabinet full of neatly typed, alphabetized equipment record cards.  Building managers have 
placed maintenance on the cutting edge of industry and the bleeding edge of performance.  
Planned maintenance often takes a backseat to fire fighting unscheduled work orders.  Purchasing 
a CMMS system will not put out these fires unless there is a mission, a plan and a commitment to 
methodically change how maintenance is done.   

A3.3 Indoor Environment and Comfort 
Lane, C. A. 1990. HVAC Maintenance Procedures and Indoor Air Quality. AIPE Facilities 
(January/February):11-14. 

Indoor air quality problems in buildings are often associated with the presence of an unusual 
pollutant in the air.  A combination of factors, usually not one particular pollutant, is often the 
cause.  According to Honeywell Indoor Air Quality Diagnostics, inappropriate maintenance 
procedures are associated with 75% of problem buildings.  Thus, inappropriate HVAC 
maintenance procedures may be a precursor to other environmental conditions that are manifested 
as “Sick Building Syndrome” and/or Building Related Illness.  Maintenance deficiencies usually 
occur in three categories: general HVAC component and system maintenance; general 
housekeeping; and a lack of a comprehensive maintenance program.  Typical HVAC systems 
maintenance deficiencies include: contaminated air filters, dirty duct liners and heat transfer coils, 
clogged condensate drains, dirty air plenum spaces, insufficient water treatment procedures in 
cooling towers and humidifier systems and inoperable equipment and controls.  Housekeeping 
deficiencies include using corridors and work spaces for general storage, placing articles on top 
of perimeter HVAC units and blocking air flow, blocking supply and return air grilles, 
accumulation of dust and dirt within the occupied spaces and on light fixtures, and applying 
cleaning compounds for carpets and floors during occupied hours. 

A ranking – with most frequent being first – of the four maintenance deficiencies discussed in the 
paper are: HVAC equipment problems, lack of a comprehensive maintenance program, 
inadequate housekeeping procedures, and inadequate maintenance of the building structure and 
envelope.  Part of the maintenance problems is due to budgetary constraints and inadequately 
trained personnel.  Thus, the implementation of a comprehensive preventive maintenance 
program is of the highest importance and should include specifications for maintenance of the 
building structure and envelope, general housekeeping procedures and instructions for 
maintaining the HVAC equipment. 

The costs associated with occupant discomfort can far exceed the savings resulting from reduced 
maintenance of HVAC systems.  One of these issues includes absenteeism.  The savings potential 
associated with decreased absenteeism is estimated to be $3-5 per square foot per year.  By 
comparison, maintenance costs typically range between $2-6 per square foot per year. 

Sieber, W. K., M. R. Petersen, L. T. Stayner, R. Malkin, M. J. Mendell, K. M. Wallingford, T. G. Wilcox, 
M. S. Crandall, and L. Reed. 2002. HVAC Characteristics and Occupant Health. ASHRAE Journal 
44, 9:49-53. 

The article summarizes a study based on surveys including 2,435 workers in 80 office buildings, 
of the associations between HVAC design and maintenance characteristics or building 
maintenance characteristics and work-related lower respiratory symptoms, and asthma 
development. 
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Recently, increasing health complaints among workers in indoor, non-industrial environments 
have prompted research to identify factors associated with these complaints.  Study data were 
collected in Health Hazard Evaluations program of the U.S. National Institute for Occupational 
Safety and Health.  The environmental evaluation consisted of an observational walk-through 
survey, with completion of information checklists regarding the entire building, the evaluation 
area, and the components of the HVAC systems.  The statistical models determined the strength 
and statistical uncertainty of associations between health outcomes and the building and HVAC 
characteristics.  The models calculate values of relative risk, which represents the magnitude of 
the increase in the prevalence of a health outcome among occupants. 

The results of these maintenance steps are a lowered number of respiratory symptoms, allergic 
symptoms, and asthma.  Despite its limitations, this study identified many suspected risk factors.  
The findings of this study suggest that adverse health outcomes among building occupants may 
be reduced through improvements in HVAC system design and maintenance and maintaining 
outside air intakes distant from potential pollutant sources.   

A3.4 Economic 
Air Conditioning, Heating & Refrigeration News. 2005. Operations & Maintenance Focus Lowers 
Cost, Increases Efficiency. July. Available online: www.achrnews.com/CDA/ArticleInformation/ 
NEWS_EE_News_Item/0,6164,141416,00.html. Downloaded on May 1, 2005. 

The FEMP office of the DOE offers the following tips for federal facilities, but they are also 
applicable to commercial facilities.  They include checking equipment, lowering thermostat 
settings, testing equipment for efficiency, minimize waste, and optimize operations. Following 
the guidelines in this document, efficiency can be increased, conserving energy and reducing 
costs. 

Bender, J. E. 1992. Maintenance Training: Weighing the Investment. AIPE Facilities (May/June):29-
30. 

In training selection, it is important to:  have a standard to measure against so deficiencies are 
evident; sort out deficiencies so the knowledge/skills are clearly separated from other contributing 
factors; deal with the contributing factors first; and apply training that will best address the needs. 

Before evaluating in-house and interactive courses, the need for training must be established.  
Benefits of training are measurable and should outweigh the costs.  Due to the high costs and 
missed work, the need for training should be uncovered first and then the appropriate training 
applied.  Training is often found to be needed when the regular course of action deviates from the 
norm, such as a boiler using more fuel than normal.  These norms or standards can be based on 
specific people or machines.  To evaluate the substandard performance, the environment needs to 
be evaluated as well (conditions that the employee works in).  All contributing factors must be 
analyzed in order to determine the true causes of the substandard performance. 

Ginder, A. P. 1996b. Measuring Maintenance and Reliability Performance. AFE Facilities 
Engineering (May/June):18-21. 

Determining, measuring and evaluating the successes of the reliability and maintenance efforts 
can be a difficult challenge.  The objective of this article is to provide guidelines and insights on 
how to effectively benchmark performance. Organizations often are reluctant to track 
performance in a quantifiable manner due to concern over the labor and effort required to compile 
indicators on an ongoing basis.  They also have a lack of confidence in their ability to attain 
established goals and demonstrate resistance to the accountability that usually accompanies 
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performance indicators.  Finally, they have poor understanding of how measures can enhance 
improvement activities.   

Performance measures should only be distributed to the people who have a true need for them.  
The information must be relevant to the level and position of the recipient.  As a result, different 
indicators should be given to different people.  The amount of information posted and reported to 
superiors is often too large and the pertinent information is lost.  After an organization has 
excelled in selecting, formatting and distributing the most appropriate performance indicators, the 
benefits of all of this is unquantifiable until a formal problem solving process has been 
established.  All plant personnel should be trained in one formal methodology.  This leads to a 
common approach and perspective on how personnel will assess performance problems.  This 
aids in assembly of multi-level, cross-functional teams equipped to analyze opportunities.  
Accountability should also be built into a maintenance/reliability report.  Selection of indicators, 
what to do with them and how to integrate them into the overall vision strategies are the drivers to 
success. 

Haasl, T., A. Potter, L. Irvine, and L. Luskay. 2002. Retro-Commissioning’s Greatest Hits. Portland 
Energy Conservation, Inc. Available online: www.peci.org/library/PECI_RCxHits1_1002.pdf. 
Downloaded on May 1, 2005. 

Retro-commissioning has the potential for great savings, both energy and cost savings for a 
variety of building types.  This article summarizes some case studies and the findings from retro-
commissioning existing buildings.  Commissioning of existing buildings or retro-commissioning, 
is a systematic process applied to existing buildings for identifying and implementing operational 
and maintenance improvements and for ensuring their continued performance over time.  
Although retro-commissioning may include recommendations for capital improvements, the 
primary focus is on using O&M tune-up activities and diagnostic testing to optimize the building 
systems.  

Hall, J. R. 2001. Ask Our Consultants: Some Energy Saving Advice for Customers. Air Conditioning, 
Heating & Refrigeration News. June. Available online:  
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,28297,00.html. Downloaded on May 1, 2005. 

Although contractors may understand the costs associated with energy efficiency, homeowners 
and business owners often do not.  It is the job of the contractor to understand the energy market 
and efficiency and it is his job to offer advice and sell upgrades to the customers so that they may 
lower their energy bills.  Air Conditioning, Heating & Refrigeration News asked contractors if 
they recommended any of the following technologies to their clients in light of increasing energy 
prices: switch to a more efficient system; programmable thermostats; energy conservation; 
frequent filter changes and inspections; alternative systems; or other.  Recommendations were 
provided by building customers. 

Higgins, C. 2003. Integrated Energy Systems: Productivity & Building Science. New Buildings 
Institute, Inc. (October). 

This was a compilation of seven different research elements on the integrated design of 
mechanical systems for a variety of building types.  The research element focused on building-
science solutions to support successful system integration and improved efficiency and 
performance of HVAC systems in large buildings (100,000 ft² and larger), small buildings, and 
residential buildings.  The overall objective was to identify opportunities to improve the air-side 
energy efficiency of HVAC systems through design solutions and strategies for California 
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buildings, and develop guidelines for design that can improve the overall HVAC efficiency of 
facilities by 25%. 

Part of the research project conducted field surveys and short-term monitoring of packaged 
heating, ventilation and air conditioning systems up to ten tons per unit and identified problems 
with equipment, controls, distribution systems, and operation and maintenance practices that lead 
to poor system performance. The objective was to establish baseline data on the number and type 
of small commercial HVAC systems, identify the key problems in the efficiency and performance 
of these units, and create design solutions to address those problems. The specific technical 
objective was to increase the energy efficiency and functionality of small commercial HVAC 
systems by 10%. 

Hosseini, M. Condition Based Maintenance and Performance. Society for Maintenance & 
Reliability Professionals. Available online: www.smrp.org/vl. Downloaded on May 1, 2005. 

The article discusses an article titled Condition Based Maintenance-What is the Condition of 
Condition Based Maintenance? by Chris Staller.  A condition-monitoring program cannot be 
successful unless the links to the operation are made and the financial metrics determined.  
Additionally, condition maintenance has been reduced due to cost cutting measures of the past 
few years.  Conditioning maintenance will not grow unless it becomes a value-added asset that is 
integral to the operation.  Some organizations, frustrated by many untimely interruptions in their 
operations, have rushed to some unjustified spending on condition monitoring programs with 
little added benefit.  Very few facilities measure the performance of their process and associated 
costs.  When these things are measured and analyzed, it will be shown that optimization is a 
necessity at most facilities.  It should be noted when analyzing the trends that “random” failures 
should also be considered. 

Kozlowski, D. 2004. Preventive Health Care for Buildings. Building Operating Management 
(December). 

Because buildings are increasingly complex and built by several specialized trades, 
commissioning authorities have sprung up to help the design and construction of buildings and to 
make sure the new building meets the owner and designer intent.  The U.S. Green Building 
Council requires commissioning for all certified buildings. The U.S. DOE has estimated that by 
commissioning 1% of existing buildings larger than 25,000 square feet, $46 million in annual 
energy costs could be realized.  If 7% of all new buildings larger than 25,000 square feet were 
commissioned, $4.3 million in annual energy costs could be realized. First cost is one of the 
biggest barriers to owners.  

Commissioning is a five-phase effort:  

 Clarification of intent 
 Documentation 
 Verification 
 Training O&M personnel after the building is complete 
 Verification of some systems under seasonal load 

Maintenance Solutions. 2004. Making Over Maintenance. (December). 
This article focuses on the approaching maintenance staff shortage and how to cope.  With the 
baby boomers retiring in the next decade, there will be a 40-70% loss of maintenance personnel.  
One facility, hearing this news, was inspired to elevate their maintenance program and transition 
from an emergency-driven to a more proactive department. 
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Mazurkiewicz, G. 2004. Efficiency is Important to Customers. Air Conditioning, Heating & 
Refrigeration News. November. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,137059,00.html. Downloaded on May 1, 2005. 

According to a survey by Air Conditioning, Heating & Refrigeration News, 79% of respondents 
stated that energy efficiency is important to their customers. The article lists accounts of service 
technicians who say that many of their customers are considering energy efficiency when making 
purchasing and maintenance decisions. 

Contractors in some regions reported that, due to mild climates or relatively low energy costs, 
customers are not interested in efficiency because they feel that they may not recoup the extra 
expense.  Also, tightened operating budgets have caused customers to drop preventive 
maintenance contracts and opt for time and materials based service. 

Moore, R. 2001. Payback Method-Too Simple and Too Expensive. Plant Engineering 55, 7:28-30. 
Lifecycle cost should be taken into account when evaluating projects and equipment costs.  
Maintenance personnel should have some input into equipment selection and maintenance 
requirements, as they are around and operating the equipment all day.  By keeping a log of 
maintenance issues, the simple payback can be better analyzed with downtime, maintenance 
requirements, and production numbers.  Investigating equipment history can help in determining 
the correct replacement or repair decisions for key equipment for facilities. 

Moore, R. 1995a. Reliability, Teamwork and Maintenance Teams. AIPE Facilities (March/April):23-
26. 

Most organizational structures will work so long as teamwork permeates the mentality of the 
organization and that the plant manager aids in developing a team spirit and fosters teamwork.  
Teams need common objectives, strategies, rules and practices along with a coach who can guide 
the team, foster a teamwork culture and ultimately assure the team’s success.  The reliability-
based maintenance and manufacturing strategy, which is fact-based, goal-oriented and requires 
extensive cooperation between maintenance, engineering, production, purchasing and human 
resources, represents a strategy for integrating the maintenance team into the manufacturing 
process.  This strategy consists of minimizing reactive maintenance through the comprehensive 
integration of preventive, predictive and proactive maintenance technologies and methodologies.  
The goal of this strategy is to maximize production capacity and minimize production costs, 
allowing the company to be the low-cost producer of its products. 

The practices tend to be historical; with the mindset of saying “that’s how we’ve done it in the 
past.”  This approach leaves room for improvement.  Instead of boxing in team members by their 
job title or functions, instead the critical objectives should be the function of the team members.  
This enables production to maintain its role as being the primary objective that everyone works 
towards in addition to his or her other tasks.  The maintenance team is focused on reliability.  The 
maintenance department works closely with production to maximize capacity, not simply run 
machines until a failure required emergency turnaround.  The maintenance planning team will use 
a computerized maintenance management system to perform the routine review of machinery and 
histories and repair costs to identify problem equipment in addition to scheduling maintenance 
and work orders.  This includes the 80/20 rule – finding the 20 percent of the machines that cause 
80 percent of the problems.  The reliability engineering teams cited in the best practice companies 
were organized into a single function for reliability engineering.  This group had the 
responsibility for knowing machinery condition and using that knowledge to work with 
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maintenance planning to plan maintenance based on condition, not interval, and to support 
maximum production capacity.  

Motsett, C. B. 1991. Skilled Craft Support: An Alternative to Outsourcing. AIPE Facilities 
(July/August):11-15. 

Skilled craft support is the recruiting, screening, mobilizing and administration of qualified 
skilled craftsmen, technicians and professionals who are assigned to work for and under the client 
on a temporary basis.  Many companies providing temporary skilled craftsmen have started and 
failed in the past several years.  These companies have become known as “body shops”.  The 
difference between “body shops” and skilled craftsmen is significant.  A skilled craft support 
contractor knows how to screen applicants and is able to work his craftsmen on several different 
projects.  The skilled craft contractor will provide administrative support and on-site coordination 
as well as guarantee his people and assume the full risk in case of failure to meet requirements. 

Teaming with a skilled craft support contractor allows a company to lower your overall costs 
while increasing productivity.  This has been proven by hundreds of companies.  A partnership 
can be created enabling a firm to minimize the number of full-time employees needed while still 
meeting the maintenance requirements including staffing for major overhauls and normal 
predictive and preventive maintenance.  This is known as optimum employment level manning.  
This allows for job security, minimized costs and sufficient maintenance staffing. 

A skilled staff support contract should be an annual or multi-year deal to reduce administrative 
costs, increase flexibility and efficiency.  These elements include: corporate experience, safety, 
training, screening craft competency, sourcing of craftsmen, on-site support, invoicing 
capabilities, quality, other commercial considerations, pricing, equipment mark-ups, and 
confidence level. 

Olsen, E. L. 2004. Low Maintenance, Sustainable Solutions for Chicago Schools. Building for the 
Future: A Supplement to ASHRAE Journal. ASHRAE Journal 46, 9:512-516. 

The Chicago Public Schools (CPS) has begun a major initiative to maximize the sustainable 
building potential in its more than 600 schools.  As a first step, it is seeking the U.S. Green 
Building Council’s LEED® certification on new buildings.  The objectives of a program are 
increasing longevity of systems and ease of maintenance, lower energy consumption, healthy 
building environment with day lighting and effective ventilation, optimal educational 
opportunities, and minimizing life-cycle costs.  A major element of the sustainability initiative is 
the development of a new mechanical system.  Additionally, the systems in all new schools will 
be fully commissioned, and a single standard temperature control protocol for all schools has 
been selected.  The current standard mechanical system has been applied in all new CPS schools 
for more than ten years.  A comprehensive study was performed to evaluate several possible 
changes to the current system, and using these findings, recommend a new system for new CPS 
buildings. 

The new system provides CPS the best mix of first cost, operating cost, ease of maintenance, and 
indoor environmental quality.  It includes: considering boilers with a primary-only, variable flow 
hot water loop, air-cooled chillers with a primary-only, variable flow chilled water loop, dual-
path air-handling units supplying simple VAV terminal units, displacement ventilation and 
perimeter panel radiation, and demand-controlled ventilation.  As a final evaluation, the energy 
use of the new system was modeled.  The annual energy cost for this system is approximately 
24% less than the current standard system.  The first implementation of this system will be the 
new Westinghouse College Preparatory High School, which is targeting 36 LEED® points and 
Silver Certification.  The increased first costs associated with the new system will be paid back in 
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less than six years.  Current energy models for the school anticipate an energy savings of 30-40% 
compared to a design meeting the minimum requirements of ASHRAE’s Standard 90.1. 

Oregon Department of Energy. Building Commissioning Case Studies. Available online: 
http://egov.oregon.gov/ENERGY. Downloaded on May 1, 2005. 

This webpage details eight different applications of commissioning and the results from a variety 
of office buildings.  Energy savings numbers are presented along with the findings regarding the 
state of the equipment assessed.  Buildings range from commercial office buildings to 
institutional buildings to government buildings, including both new and old facilities.  Through 
these case studies the potential impact of building commissioning and proper O&M protocols 
presented.  

Portland Energy Conservation, Inc. 1999d. Putting the “O” Back in O&M: Best Practices in 
Preventive Operations, Tracking and Scheduling. September 

Successful energy-efficiency strategies include purchasing the most efficient equipment available, 
right-sizing this equipment to match the building loads and commissioning the equipment to 
ensure that it runs efficiently and as specified. Projects that include these components result in 
buildings with equipment that operates at or near the highest possible efficiency.  Owners can 
benefit from tracking the performance of major equipment and implementing a preventive 
maintenance plan to help prevent performance degradation.  Redefining the preventive 
maintenance program to include operational activities that are critical to energy-efficient building 
operation promotes long-term energy-efficient performance.  Preventive O&M plans differ from 
typical preventive maintenance plans in that they call for periodically checking operational and 
control issues. These periodic checks also investigate issues that affect efficiency. Examples 
include when and how long equipment operates and what causes it to cycle on or off. 

Owners and operators who focus on both operation and maintenance issues benefit from 
improved building performance, comfort and reduced energy bills. The simple strategies 
proposed in this document—implementing a preventive operation program, tracking equipment 
performance, and optimizing schedules—are essentially risk-reduction strategies. Taking these 
steps helps ensure that equipment runs efficiently, performs optimally, and lasts for its maximum 
lifetime.  In order to operate at its optimal efficiency, performance should be tracked.  As the 
performance is tracked, sup-optimal performance can be discovered early and brought back to its 
optimum performance.  This allows the plant to operate at peak efficiencies. 

Pugh, R. 2005. Operations Maintenance and Management: What is O&M? Presented at the Energy 
Manager Workshop, March. 

There are significant energy savings that can be achieved due to proper operations maintenance 
and management of equipment.  Effective operations and management programs incorporate 
operations, maintenance, engineering, training, and administration to achieve these goals.  
Though there are barriers to selling O&M, there are also reasons for overcoming these barriers, 
including cost and labor benefits.  It is important to measure success, through monitoring and 
logging of maintenance jobs.  Various operation and maintenance yardsticks are provided in the 
article.  The four main types of maintenance are described, along with the advantages and 
disadvantages of each program.  

Schiller, S. R. and G. Corsen. 1998. Measuring and Verifying Savings from Improvements in 
Operation and Maintenance of Energy-Consuming Systems in Commercial and Institutional 
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Buildings. Schiller Associates: Lawrence Berkley National Laboratory and U.S. Department of 
Energy’s Rebuild America Program. April. 

The issues and approaches for measuring and verifying savings associated with improvements in 
operation and maintenance of commercial and institutional buildings are presented.  Currently 
there are no measurement and verification protocols for operation and maintenance projects.  If 
there were common standards, there would be greater confidence in the projected savings for 
O&M projects.  

O&M improvements need to be made when there are substantial deferred maintenance activities, 
excessive operations, maintenance or other costs, or equipment and systems that require 
substantial attention.  Overcoming barriers to O&M savings measures requires improvements in 
information management and improvements in the methods for measuring and verifying O&M 
project savings. O&M measures often cannot be limited to new or isolated pieces of equipment.  
It is difficult to create a baseline based on current practices.   

There are associated costs with O&M, including capital costs, operating costs, maintenance costs, 
and consequential costs.  Common O&M measures are laid out in a table in the article by the 
measure, and if it addresses capital cost savings, operating costs including energy and labor, 
maintenance costs, or consequential costs.   

Spain, K. T. 2000. Energy-Minded Preventive Maintenance Management. Energy User News: 
Fundamental Series. August. Available online: www.energyusernews.com. Downloaded on May 1, 
2005. 

Preventive maintenance is important in preventing an energy system from using more energy than 
necessary.  Preventive maintenance also keeps the system effective in its job, prevents problems, 
and prevents early equipment failure.  Energy costs can be reduced in four ways: 1) reduce the 
price of energy purchased, 2) reduce the operating hours of equipment, 3) reduce the need for 
energy, and 4) increase the operating efficiency of the equipment.  The maintenance program can 
be implemented as follows: 1) assess existing condition and correct deficiencies, 2) compile 
complete documentation on existing equipment, 3) establish a preventive maintenance program, 
4) create and maintain a well-trained staff, and 5) monitor and report maintenance progress and 
energy use.  Primary utilities including electricity and natural gas, secondary utilities including 
major electric and natural gas loads, building envelope, HVAC systems, lighting systems, and 
motors should be evaluated for opportunities.   

Maintaining equipment now will help to reduce energy costs while avoiding large cash outflow 
due to downtime, decrease in productivity, and equipment replacement. 

Vito, D. 2004. Putting the Squeeze on HVAC Costs. Building Operating Management (November).  
Facility executives are increasingly challenged to operate buildings cost effectively.  Seizing 
opportunities to manage electricity consumption requires proactive management and an 
effectively designed and well maintained mechanical system.  Steps to reduce energy costs are: 

1. Adjust Space Temperature Setpoints 

2. Use Preventive Maintenance 

3. Seek Energy Independence  

4. Optimize System Efficiency 

5. Negotiate Better Prices 
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Vondle, D. P. 1990. Facilities Maintenance-In-House or Out? AIPE Facilities (July/August):22-25. 
Plant engineers are in competition with plant engineers of other companies.  Better plant 
engineering can give a company advantages over its competitors.  Total company 
competitiveness is determined by the performance of all departments and the performance of the 
plant engineers is a key component.  Therefore, plant engineers must determine how to “out-
engineer” the plant engineers of their company’s competitors.  Plant engineering must perceive its 
mission as producing competitive advantages through superior equipment and facilities 
maintenance.  As a result, contracting out is an exciting, critical, dynamic part of a lowest total 
cost, highest quality service strategy.  There are two types of competitive advantages: low cost 
and differentiation.   

Contracting out should be made on a long-term basis.  These contracts should be made on a long-
term to ensure reduced costs and increased benefits.  When deciding whether or not to contract 
out and what to contract, the most likely solution is a middle balance–to contract out some items 
but to do in-house the items that are done well at a low cost.  As a result, the items that should be 
contracted out are items that can be done at a lower total cost or that a contractor can do so much 
better that a higher cost is justified.  As a rule of thumb, the actual long-term cost of an in-house 
employee is 2-2.5 times the wages of that employee.   

Contractors an also be used to partially fulfill functions and essentially act as a peak-shaving 
means.  There are ten steps to contracting: 1) define work functions that are candidates for 
contracting, 2) market search for potential contractors, 3) run a preliminary cost comparison, 4) 
preparation and distribution of request for proposals, 5) evaluation of proposals, 6) final in-house 
versus contractor decision, 7) selection and contract negotiation, 8) contractor management, 9) 
contract administration, and 10) contractor evaluation.  The purchasing department must be 
involved in a contracting process so that they do not become a roadblock. 

Williamson, R. M. 1992. Optimum Performance Through Multi-Skill Maintenance. AIPE Facilities 
(March/April):24-27. 

As maintenance needs have changed over the decades, maintenance personnel skills have 
changed as well.  Multi-skilled maintenance is defined as a blending of traditional trade or craft 
skills and new technology skills in a way that improves maintenance efficiency, effectiveness, 
safety and job satisfaction.  This blending can be created by expanding an individual worker’s 
skills or by creating teams with blended skills.  This new multi-skill role is not a revolution of 
maintenance jobs but is an evolution of maintenance jobs. 

Multi-skill is not intended to be a duplication of skilled trades or a jack-of-all-trades.  These 
concepts should be avoided.  Instead, it is a blending of skills to allow for more individual ability 
to complete all tasks related to a job.  For multi-skill maintenance job roles to be effective, 
several critical success factors must be met.  Labor union leadership must be involved, 
participation must be voluntary, job security must be ensured, the skills chosen must be mutually 
determined and must improve plant efficiency, and training must be established.  The article goes 
on to describe a model for developing multi-skill maintenance job roles. 
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A4 BOTTOM-LINE/BUSINESS 

A4.1 Identifying a Client and Needs 
Matteson, M. 2002. How to Sell Advanced Maintenance & System Tune Ups. Presentation at the 
New York State Energy Research and Development Authority. January, 2002. Available online: 
www.nyserda.org. Downloaded on May 1, 2005. 

This article speaks about the sales within the context of advanced maintenance. The sales basics 
include attitude and performance, goals and achievement, time management, prospecting for 
gold, qualifying the prospect, surveying the building, closing the sale, service after the sale, and 
sustaining momentum. 

Mauldin, T. 2002a. Introduction to NYSERDA’s Unitary HVAC Program & Support Services. 
Presentation at the New York State Energy Research and Development Authority. January, 2002. 
Available online: www.nyserda.org. Downloaded on May 1, 2005. 

The goal of the unitary HVAC program overview is to help participating contractors develop and 
sell new energy efficiency services and products to commercial customers with packaged HVAC 
systems. 

The main components of this program are contractor training seminars and marketing support.  
Specification training should help contractors specify, install and promote energy efficient HVAC 
equipment.  Some of the topics should include introduction of specification/sales report tool, 
selling efficient equipment, developing and marketing follow-up services, system controls, proper 
equipment sizing, and system installation guidelines.  An automated website should be used to aid 
in business.  Free customizable brochures for made customers should be available.  Advertising 
and editorial coverage should include advertising of the program, editorial coverage of successful 
projects, targeting commercial building managers and using media outlets such as energy user 
news and BOMA.  Other NYSERDA Energy Smart Programs for unitary HVAC equipment 
include the Smart Equipment Choices Program for equipment replacement, New Construction 
Program for new construction or major renovation, Loan Fund for loads involving efficiency 
improvements, and C&I Performance Program for performance contracting programs. 

Mauldin, T. 2002b. Introduction to the ‘Spec & Sell Efficiency’ Training and NYSERDA’s Unitary 
HVAC Program. Presentation at the New York State Energy Research and Development Authority. 
January, 2002. Available online: www.nyserda.org. Downloaded on May 1, 2005. 

The goal of a unitary HVAC program overview is to help participating contractors develop and 
sell energy efficiency services and products to commercial customers with packaged, rooftop 
HVAC systems.  The program components are the contractor training workshops and marketing 
support.  The goal of the “Building Tune-Up” training is to help contractors develop, market, and 
sell new energy efficiency maintenance services.  The goal of “Spec & Sell Efficiency” training is 
to help contractors promote, size, and install energy efficient HVAC equipment and sell follow-
up services.  The curriculum includes the Spec & Sell Efficiency’s software tool, selling efficient 
equipment, selling follow-up services, and equipment sizing & system installation.  Marketing 
materials should include offering free customizable brochures targeted towards customers.  Other 
materials and marketing services may be developed.  NYSERDA support for unitary HVAC 
equipment should include financial incentives available for the purchase of energy-efficient 
unitary HVAC equipment via equipment incentives, reduced-rate loads, and performance 
contracting incentives. 
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Morris, R. J. 2004. Building a Successful Service Business. Air Conditioning, Heating & 
Refrigeration News. July. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,128462,00.html. Downloaded on May 1, 2005. 

Technical expertise is not the only factor in building a successful maintenance organization.  The 
client perception of the quality of work and professionalism, organization, and communication 
are key issues to portray in the service industry. The attitude and culture of a company and the 
level of expertise and competency affect the success of the company.  

New York State Energy Research and Development Authority. 2002a. Powerfully Positioning Your 
Firm Flies Doors Wide Open: Part 1. Presentation at the New York State Energy Research and 
Development Authority. July, 2002. Available online: www.nyserda.org. Downloaded on May 1, 
2005. 

New strategies for success include getting into the building tune-up business, measuring and 
recording the equipment improvements and energy impacts of building tune-ups, better 
documenting and explaining the benefits of inspections, and further improvement comfort.  The 
HVAC Service Assistant is a portable tool for servicing commercial air conditioning units.  Air 
conditioners should be serviced to provide comfort, achieve reliability, and maximize energy 
savings.  Value added features include reliable data collected quickly, accurate and consistent 
diagnostics, credibility, and onsite efficiency measurement.  Leading edge fault detection and 
diagnostic technology for the Air Conditioning service industry provides benchmarks and current 
values.   

The HVAC Service Assistant is a portable tool designed to automate the process of detecting and 
diagnosing commercial rooftop HVAC problems.  The benefits of this are reduced service time, 
customized service processes, second opinion capability, and operational cost savings from fewer 
callbacks and more efficient task/employee matching.  Additionally, there will now be electronic 
service records, better performance contracting bidding, and opportunities to increase sales.  The 
benefits to the facility manager are increased service quality, measurable savings, and accurate 
data.  The Service Assistant should be used to perform inspections, identify worst running units, 
showing the benefits of targeted service, and documenting better performance with before and 
after measurements. 

New York State Energy Research and Development Authority. 2002b. Powerfully Positioning Your 
Firm Flies Doors Wide Open: Part 2. Presentation at the New York State Energy Research and 
Development Authority. July 2002. Available online: www.nyserda.org. Downloaded on May 1, 
2005. 

Contractors should work directly for the owners.  Focus should be on the light commercial market 
and rooftop HVAC systems.  HVAC systems conservation features are more often installed or 
performed in larger than average commercial buildings.  For energy management and control 
systems, participating buildings were much larger in size than average.  The average size of 
buildings using energy management and control systems is 55,900 square feet.  New strategies for 
success should include programs like Energy Star labels and building labels.  Utilizing advanced 
portable diagnostics and a thorough inspection process will help in maximizing the benefits of 
comfort, good IAQ, energy efficiency and long equipment life. 
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Portland Energy Conservation, Inc. Screening Contractors. Energy & Environmental Management. 
Excerpt from Operations & Maintenance Service Contracts. Operations and Maintenance Service 
Contracts: 48-50. 

Building owners and managers often hire service contractors based on recommendations by their 
peers.  This approach my save time, but in the long run it may not reduce risk or save money.  A 
better way to find a contractor that fits the particular needs of a building is to select several 
candidates and rigorously screen them before requesting bids.  The screening period is beneficial 
as it reduces the risk of costly problems after the contract is signed.  Some of the questions to ask 
should include: will the contractor do a thorough assessment of the building systems before 
signing the contract; will the contractor modify the basic contract to fir the requirements of your 
building system; will the contractor have a database of preventive maintenance tasks 
recommended by a manufacturer; and will the contractor provide references.   

With regards to service technicians, some of the following questions should be asked: will the 
contractor commit the same technicians to the building; will the contractor have service available 
24/7; what is the employee turnover rate; and are the technicians able to use the trending 
capabilities of the building’s EMCS to track data.  Also to be asked are:  what percentage of the 
contractor’s business is maintenance services; how long have they been in business; how many 
trucks are available; and are test instruments regularly calibrated.  Before making a selection, the 
contractor’s place of business should be visited.  There is also a contractor screening form that 
should be filled out when asking the potential contractor questions. 

Rockwell, K. 2002. Spec & Sell Efficiency Tool. Presentation at the New York State Energy Research 
and Development Authority. 2002. Available online: www.nyserda.org. Downloaded on May 1, 
2005. 

Spec and sell efficiency tools assist contractors in selling energy efficient HVAC equipment.  
Improvements in manufacturing and logistics during the past decade have made spec and sell 
software tools with good accuracy that are easy to use, evaluate efficiency upgrades for cooling 
and heating equipment, provide payback and IRR of HVAC upgrades, provide output reports that 
can be customized and run on Microsoft Excel 2000.  It can be used to conduct initial sales calls 
and follow-up sales calls.  It is not, however, a detailed energy audit tool or an equipment-sizing 
tool.  The tool calculates cooling, heating and fan energy use/savings, energy and dollar savings, 
simple payback and internal rate of return.  The calculations are based on the ASHRAE bin 
method. 

Sundberg, B. 2003. Service Automation Can Be a Valuable Asset. Air Conditioning, Heating & 
Refrigeration News. October. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,108735,00.html. Downloaded on May 1, 2005. 

Providing greater value at a lower cost is the most effective way for an HVAC contractor to 
differentiate himself.  Adopting technology is one effective means to accomplish both goals.  
Service automation technology can add significant value to service calls and dramatically reduce 
labor costs.  The technology can help technicians diagnose equipment, perform service, and 
improve unit efficiency and capacity, easily and quickly – an advantage that reduces call time and 
enables additional service recommendations to customers.   

Typical planned maintenance calls for an RTU, using traditional instruments and methods, 
involves 30 to 40 minutes of taking readings and manual calculations to determine how well a 
unit is operating.  Using today’s technology, a technician can get all of this done within seconds 
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of hooking up the equipment and be delivering service within 5 to 10 minutes, amounting to a 50 
to 85% reduction in time, increased staff productivity, and greater customer energy savings. 

In a recent California Energy Commission study, 60% of 220 commercial RTUs had inoperable 
ventilation and economizer systems, 39% had serious Freon over or undercharge conditions, and 
46% had inadequate airflow past the evaporator coil.  These units had received some level of 
service, but not enough because they all had serious service issues.  The problem is that the 
technicians could not identify the entire range of performance issues.  Automation technology 
could have helped them get the job done right the first time.   

Wolpert, J. 2002a. Selling Energy Efficient Equipment. Presentation at the New York State Energy 
Research and Development Authority. 2002. Available online: www.nyserda.org. Downloaded on 
May 1, 2005. 

The following benefits are being sold to the customer: improved comfort, higher quality/latest 
technology, lower operating costs, and increased reliability.  Follow-up services include building 
system commissioning, service & maintenance contracts and any others that a company feels 
appropriate or are requested.  Commissioning is the process of ensuring that systems are 
designed, installed, functionally tested, and capable of being operated and maintained to perform 
in conformity with the design intent.  Traditionally, an independently hired consultant working 
directly for the owner performs commissioning – instead the salesman should sell the 
commissioning service.  Commissioning services include equipment performance measurement 
and verification testing, power outage/emergency testing, integrated system performance testing, 
and retro-commissioning.  A major component of commissioning is documentation.  Maintenance 
and service contracts are a crucial element of increasing the chances of high efficiency 
performance over the life of the unit.  These contracts can vary from issue related 
service/maintenance to full service maintenance. 

Wolpert, J. 2002b. Selling Follow-Up Services. Presentation at the New York State Energy Research 
and Development Authority. 2002. Available online: www.nyserda.org. Downloaded on May 1, 
2005. 

HVAC systems use approximately 35% of annual electric energy in the U.S.  The average house 
produces about twice the amount of CO2 produced by the average car.  Contractors should 
consider selling higher efficiency units as a standard.  The benefits to the client include improved 
comfort, higher quality/latest technology, lower operating costs, and increased reliability.  The 
article includes examples of how to sell the service to different client types.  It is important to 
emphasize that the large costs included in HVAC is in the lifetime costs, not the purchase costs.  
The NYSERDA HVAC tool can be used to demonstrate calculated savings for typical 
construction in an area and to calculate personalized savings fro a prospective customer or 
specific project.  Selling energy efficient equipment means selling quality solutions not low first 
cost commodities, providing a complete and customizable package of sales support, equipment 
accessories, and follow-up services. 

A4.2 Evaluating Existing Program 
Cook, J. P. 2004. Monitoring Preventive Maintenance Effectiveness. Maintenance World. 
September. Available online: www.maintenanceworld.com. Downloaded on May 1, 2005. 

It is difficult to verify that the correct maintenance is being performed at the correct time in 
preventive maintenance.  Preventive maintenance includes periodic maintenance, planned 
maintenance, and predictive maintenance.  Determining the effectiveness of a PM program is not 
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straightforward, with capacity loss or unplanned shutdowns being used as indicators.  A four step 
method is suggested for evaluating PM programs: 1) establish goals, 2) evaluate data, 3) track 
risk analysis, and 4) track cost benefit using man-hours required for corrective activities. 

Kacher, J. and T. Ouvreloeil. 2002. How Good is Your PM Program? Maintenance Technology. 
March. Available online: www.mt-online.com. Downloaded on May 1, 2005. 

The main goal of preventive maintenance is to extend equipment life and ensure that it operates at 
its capacity when needed through periodic maintenance.  A PM program can be assessed by 
taking into account the percentage of equipment with a well-defined PM program, the percentage 
of PMs that have the right tasks and frequencies, the percentage of PMs completed on time, and 
the percentage of completed PMs considered to be executed properly.  The exiting PM tasks must 
be evaluated, including their tasks and frequencies.  If the maintenance is not completed on time 
or in a timely fashion, this does not help to extend the equipment life.  A maintenance task must 
also be completed thoroughly to ensure proper operation and achieve success. 

Mazurkiewicz, G. 2001b. Energy Bill Promotes HVACR Maintenance. Air Conditioning, Heating & 
Refrigeration News. August. Available online: 
www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,60765,00.html. Downloaded on May 1, 2005. 

The Energy Advancement and Conservation Act of 2001 includes a public education campaign 
promoting the advantages of HVACR maintenance checkups. 

Siegel, J. 2001. House Bill Includes HVAC Education. Air Conditioning, Heating & Refrigeration 
News. July. Available online: www.achrnews.com/CDA/ArticleInformation/features/ 
BNP__Features__Item/0,1338,60101,00.html. Downloaded on May 1, 2005. 

A current House Subcommittee energy bill includes a provision that would provide $5M for fiscal 
years 2002 and 2003 to educate homeowners and small business concerning energy savings 
resulting from regularly scheduled maintenance of HVAC systems 

A4.3 Identifying O&M Improvements 
AIPE Facilities. 1992a. Guide to Maintenance Training Programs. (May/June):33-40. 

Changes in technology, excessive downtime due to operations and maintenance errors, and failure 
to develop a multi-skill workforce are making companies invest more resources in maintenance 
training programs.  Experienced employees no longer train new employees on everyday duties of 
the job and companies are spending more time and money training employees.  This is the first 
AIPE Facilities compilation of maintenance training products and services review to help readers 
select maintenance-training programs.  This is a comparison study based on polls.  This overview 
focuses on four mediums: video, videodisc, computer-based, and in-house maintenance training.  
There are several principles involved in selecting a maintenance training program: having a 
standard to measure against, sort out deficiencies to separate them from their contributing factors, 
focus the efforts on the contributing factors and apply the necessary training that will address the 
specific needs.  After a maintenance training program has been selected, the results need to be 
continuously monitored.  The next seven pages are the results of the poll in tabular form. 
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Brown, M. V. 2003b. Building a PM Program: Brick by Brick. New Standard Institute, Inc. Available 
online:  www.newstandardinstitute.com Downloaded on May 1, 2005. 

A preventive maintenance program should be addressed bit-by-bit to ensure success. The major 
portion of the work should be done on a day-to-day or week-to-week basis to avoid failure and 
significant downtime.  There are recommended preventive maintenance procedures, including 
inspections, adjustments, testing, calibrations, rebuilds and replacements.  Each procedure 
contributes to the success of a preventive maintenance program.  Recommendations for 
scheduling of preventive maintenance can be obtained from vendors, plant experience, and 
generic procedures from society organizations.  The procedure can be adjusted as needed over 
time.   

Energy Solutions Resources. c. Maintenance-Infrared Thermography. Energy Services. Available 
online: www.energyexperts.org. Downloaded on May 1, 2005. 

A list of applications for IR thermography is presented along with several key articles on the use 
of IR thermography as a preventive maintenance tool in commercial and industrial sectors.  IR 
thermography is sued to evaluate the operating condition of electrical, mechanical, and process 
equipment for early warning signs of impending failure.  The most complete list of applications 
for IR thermography is from the Academy of Infrared Training, Inc.  Articles that discuss IR 
equipment, costs and applications: 

 Newport, Ron. Portable Infrared Imaging, Maintenance Technology, May 1999. 
 Epperly, Richard, Erich Heberlein, and Lory Eads. Thermography, a Tool for Reliability and 

Safety, IEEE Industry Applications Magazine, January/February 1999. 
 Kelch, Craig, and James Seffrin. Infrared Thermography for PPM, Maintenance Technology, 

May 1999. 
 Grinzato, E, et. al., Quantitative Infrared Thermography in Buildings, Energy and Buildings, 

1998. 

Ginder, A. P. 1996a. Maintenance as a Corporate Strategy. AIPE Facilities (January/February):20-
26. 

An increasing number of corporations have come recognize the critical importance that 
maintenance and reliability play in their organizations.  In theses companies, high level 
executives are promoting the creation of corporate maintenance and reliability strategies.  These 
strategies are geared toward educating company employees on how maintenance and reliability 
practices impact the company financially and are focused on developing and implementing a 
process that actively promotes improvements in those practices.  The vast majority of 
manufacturing improvement initiatives depends on having reliable equipment.  It has become 
obvious that poor maintenance and reliability means reduced profits, higher costs in labor and 
inventory, dissatisfied customers and poor quality products. 

There are two primary objectives of most corporate driven maintenance strategies: reduce costs 
and improve equipment reliability or asset management.  Although it can be argued that almost 
all failures can be prevented, a superficial analysis shows that between 30 and 60 percent of the 
work performed by maintenance groups should be eliminated.  Poor reliability shows up on the 
bottom line.  Under-performing or malfunctioning equipment results in higher costs or lost profits 
driven by the following: equipment downtime, equipment run speeds, off spec product, excess 
work in progress or finished products inventory, excess maintenance parts inventory, unnecessary 
spare capacity or extra production lines, excess labor and energy costs to run additional shifts to 
make up for product shortfall, and dissatisfied or lost customers.  The initial cost of increased 
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maintenance can be paid off by financial gain if the right projects are picked first and they are 
done early in the fiscal year. 

Maintenance and reliability can be broken down into seven basic steps: rally cry; benchmarking; 
performance goals; strategic/tactical plans; execution; measurement; and modification.  
Empowering individuals and teams from the highest level down to the plant floor is the key to 
continuous improvement analyses and activities.  The structure suggested by the article is called 
the champion structure.  This is started from the top with a leader or champion followed by 
leadership teams, metric and practice teams and finally the strategic coordinators. 

There is an additional article entitled Strategic & Tactical Planning: Taking the Initiative by 
Howard J. McKew, PE embedded in the article.  This article discusses the importance of 
maintenance and reliability in the success of a company.  Strategic planning is addressing the 
critical issues that are fundamental to proficient management.  A facility manger should network 
with other business people, understand the company’s short and long term strategic plans, keep 
informed on the national economy and its trends, take initiative to reduce costs now, and 
investigate available benchmarks.  Before a strategic plan can be established, data needs to be 
collected to identify deficiencies within the engineering services group.  Tactical planning is the 
next step in the managerial process.  This includes identifying a goal, documenting the 
benchmarks and the time frame necessary to meet these goals.  

There is a second embedded article entitled Quality and Continuous Improvement: A Strategic 
Asset by Terry E. Walton that is found in this article.  Going into the year 2000 and beyond, 
business success will require a broad based strategy that anticipates ongoing, rapid changes.  
Process reliability that can be measured is the critical metric for a maintenance or manufacturing 
facility to be competitive.  There are six primary areas that must be emphasized to implement the 
kind of investment needed to make progress in quality.  These include the recognition and 
development of a strong and effective maintenance quality team, education on quality, 
commitment to quality, and an emphasis on total team excellence at all levels of the organization.   

Oregon Office of Energy. 2001. Retro-commissioning Handbook for Facility Managers. March. 
Available online: http://www.energy.state.or.us. Downloaded on May 1, 2005. 

Commissioning of existing buildings or retro-commissioning, is a systematic process applied to 
existing buildings for identifying and implementing operational and maintenance improvements 
and for ensuring their continued performance over time.  Retro-commissioning assures system 
functionality. It is an inclusive and systematic process that intends not only to optimize how 
equipment and systems operate, but also to optimize how the systems function together. 

Although retro-commissioning may include recommendations for capital improvements, the 
primary focus is on using O&M tune-up activities and diagnostic testing to optimize the building 
systems. Retro-commissioning is not a substitute for major repair work. Repairing major 
problems is a must before retro-commissioning can be fully completed. 

The following have been identified by owners as the primary objectives for retro-commissioning 
a project: 

 Bring equipment to its proper operational state 
 Reduce complaints 
 Reduce energy and demand costs 
 Increase equipment life 
 Improve indoor air quality 



 APPENDIX A – ANNOTATED BIBLIOGRAPHY 

  

 

 NCEMBT-061102 

 
147 

 Increase tenant satisfaction 
 Improve facility operation and maintenance 
 Reduce staff time spent on emergency calls 

Portland Energy Conservation, Inc. 1997b. Operation and Maintenance Service Contracts: 
Guidelines for Obtaining Best-Practice Contracts for Commercial Buildings. December. 

Building owners and managers outsource most if not all of the operation and maintenance 
services for their building systems.  In the absence of a sufficiently large and well-trained in-
house O&M staff, service contracts may be the only means of maintaining a building’s 
mechanical systems in an organized, ongoing manner.  Approximately 40% of all nonresidential 
buildings contract maintenance service for heating, ventilating, and air conditioning (HVAC) 
equipment. As third-party providers become more sophisticated in selling services, building 
owners and managers need to become better-informed consumers.   

Building O&M is the ongoing process of sustaining the performance of building systems 
according to design intent, the owner’s or occupants’ changing needs, and optimum efficiency 
levels. The O&M process helps sustain a building’s overall profitability by addressing tenant 
comfort, equipment reliability, and efficient operation. Efficient operation, in the context of 
O&M, refers to activities such as scheduling equipment and optimizing energy and comfort-
control strategies so that equipment operates only to the degree needed to fulfill its intended 
function. Maintenance activities involve physically inspecting and caring for equipment. These 
O&M tasks, when performed systematically, increase reliability, reduce equipment degradation, 
and sustain energy efficiency. 

The following is an eight-step guide to service contracts: 

1. Develop objectives for an O&M service contract. 

2. Develop and apply a screening process. 

3. Have all building documentation available in one place. 

4. Select two to four potential contractors and obtain initial proposals based on each contractor’s 
building assessments. 

5. Develop the major contract requirements using the contractors’ initial proposals. 

6. Obtain final bids from the potential contractors based on the owner-developed requirements. 

7. Select the contractor and develop the final contract language and service plan. 

8. Manage and oversee the contracts and documentation. 

Smith, R. 2000. Best Maintenance Repair Practices. Life Cycle Engineering, Inc. Technical Training 
Division. Available online: www.lce.com. Downloaded on May 1, 2005. 

Not only equipment, but personnel knowledge must be maintained in order to ensure that the best 
maintenance repair practices are carried out.  By adopting an O&M program that includes 
training of staff, production capacity can increase, while reducing costs and downtime.  Several 
maintenance tasks are identified, along with the standard practice and the recommended best 
practices.  The probability of failure of equipment is presented for both the standard and the best 
practices cases for comparison, in addition to the consequences for not following the best 
practices maintenance guide.   
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A three step course of action should be taken to solve the problems found when not using the best 
practices: identify if a problem exists; identify the source of the problem; and implement changes 
needed to follow the best maintenance practices.   
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APPENDIX B:  RESPONSES OF UNSTRUCTURED, OPEN-ENDED 
INTERVIEWS OF INDUSTRY EXPERTS 

The responses to the ten questions asked of industry experts in an unstructured, open-ended interview are 
included in Table 11 through Table 20. 

 
Table 11. Responses to Question #1 

Respondent # Question #1: What is your perception of SM: Is it effective? Why or why not? 

1 SM is definitely effective.  It addresses or spots problems before they become critical and cause damage (like oil and 
fluids in your car). 

2 SM can be effective but it is not the best program these days.  It is better than none though. 

3 SM has its place; it should be based on the equipment and its cost effectiveness of the application. 

4 The disadvantage of SM is that you can be fixing things that do not need to be fixed and you can even induce a fault.  A 
program is needed with a condition-based maintenance blend with preventive maintenance. 

5 SM is not too effective because of budget expenses and a lack of awareness of cost benefits. 

6 There is a wide variance of programs and resulting effectiveness – from good, effective programs to poor, ineffective 
programs. 

7 Depends on who is doing it, it is effective if the staff is properly trained and the right people and a budget is all in place, 
but too often it is not effective because of lack of time, funding or resources. 

8 There is a trade off regarding maintenance.  The problem is that the frequency of maintenance is not tied to needs but is 
set to expectations of industry. As a result you get too much or not enough maintenance, therefore condition-based 
maintenance is the best route. 

9 It depends on several factors – in general SM is effective if the company has enough emphasis on maintenance. 

10 If the owner has a service contract then it will be carried out so long as a manager doesn’t cancel it.  If it is invested in 
and is all inclusive then it works because if someone is responsible for the equipment it will be maintained.  The 
problem is the issue of bids; a company will take a low dollar bid without service.  Dry by or full service – this dictates 
the quality 

11 The attitude is too often that the benefits are too good to be true, so they probably aren’t…its like the joke about finding 
$50 on the street, if it were real it wouldn’t be there because someone would have already scooped it up. 

12 There is a passé approach to maintenance – reliability-based or condition maintenance is the place we should be at.  
Maintenance started as a reactive program then they started to schedule downtime and then schedule benchwork with 
the downtime.  This scheduled benchwork and maintenance makes up 30% of maintenance….the other 70% is 
dependant on close monitoring. 

13 SM is important.  Every piece of equipment has a different time that it breaks down.  A scheduled maintenance program 
prevents failures and allows for an early diagnosis or assessment of the problem. 

14 SM is effective assuming the technician goes and works on the equipment when it is scheduled. 

15 Yes, SM is very effective. 

16 If you don’t use SM, you are foolish.  In the long run it is effective.  Just look at the effectiveness of scheduled 
maintenance of your car. 

17 Effectiveness could increase going to a Reliability Centered Maintenance program which is going to condition-based 
instead of time-based. 

18 It could be improved with increased funding. 
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19 SM is important as it increases performance and life cycle.  You can also see when things begin to go bad. 

20 SM is effective.  It increases longevity and can catch problems early. 

21 If applied well, then yes, it is effective but some people do a poor job. 

22 Yes it is effective, however, current problems are overrun by day to day problems – there is a fixed budget and man-
hours that restrict the amount of SM done. 

23 Yes, if someone keeps up with equipment.  You know the saying, pay me now or pay me more later. 

24 SM can be effective if the tasks and periodicity of those tasks is based on science.  However, this is often not the case.  
In the vast majority of instances, SM tasks are largely based on emotion-eering or the traditional “that’s how we’ve 
always done it” mentality. 
For proactive tasks to be effective, there must be an age at which there’s a rapid increase in the conditional probability 
of failure – bearing in mind that not more than 20% of components exhibit this rapid increase. (Age related = “life”)   
For predictive tasks to be effective, there must be a clear potential failure condition and the interval between that 
condition and failure should be known and should be fairly consistent among like type in service items. 
Many predictive and proactive do not consider “life” or potential failure conditions and therefore, are not based on 
logical science. 

25 Yes, it is effective if measurements and monitoring sets up the schedule. 

26 It is effective because you can be predictive and preventive as opposed to reactive.  It is better to have something than 
nothing, but it is not effective if the maintenance disrupts the equipment or if there is not enough detail or 
documentation. 

27 It is effective if it is done as a work order and there is accountability; accountability is key. 

28 The effectiveness depends on the contractors, some do the work and some don’t do the work.  It is effective for those 
that sub-contract and pay for it, but not very effective in-house because they just are not diligent. 

29 Yes, it is effective because if it is not scheduled it is often overlooked and not done. 

30 Very effective, definitely. 

31 Yes, it is effective. 

32 Yes, but each facility looks at it differently, many use outsourcing because it puts a dollar cost to it. 

33 Scheduled maintenance is effective in reducing unexpected down time and prolonging equipment life. 

34 Yes, very effective.  It’s that ounce of prevention that makes the difference. 

35 SM is extremely important and valuable, so yes, it is effective.  It improves quality and performance. 

36 Scheduled maintenance should be effective. 

37 Yes, but you need to know what to look for and how to find what you are looking for in order to identify problems. 

38 Yes, there are multiple factors as to why it is effective, but the biggest is that it saves costs. 

39 I am an airplane mechanic, so I am very pro-SM.  Look at the lifecycle costs and the ramifications of not having a SM 
program. 

40 SM is effective – we recommend it.  SM reduces downtime and increases production. 

41 SM is somewhat effective.  It is better than nothing.  It really does need proper scheduling for it to be really effective. 

42 SM is very effective – equipment is meant to last but the lack of SM causes early failure. 

43 Yes, it is beneficial.  The extent of the effectiveness depends on the age of the equipment. 

44 Yes, it is effective.  It decreases the cost of operation. 

45 It’s hard for smaller companies and easier for bigger businesses [contractors] to ensure that a SM program is in place.  
It should be on the contractor not the owner.  There isn’t enough of a market for performance contracting to be all of our 
business separately, but it is part of the whole that is our business. 
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Table 12. Responses to Question #2 
Respondent # Question #2: What is the biggest barrier to increasing SM efforts? 

1 N/A 
2 N/A 
3 N/A 
4 N/A 
5 The barriers are increased budget expenses and a lack of awareness of cost benefits. 
6 I would say ignorance and resistance to change. 
7 Maintenance is not done according to need. 
8 A lack of emphasis by the company on maintenance. 
9 N/A 
10 If the owner has a service contract then it will be carried out so long as a manager doesn’t cancel it.  If it is invested in 

and is all inclusive then it works because if someone is responsible for the equipment it will be maintained.  The 
problem is the issue of bids; a company will take a low dollar bid without service.  Dry by or full service – this dictates 
the quality 

11 The attitude is too often that the benefits are too good to be true, so they probably aren’t. 
12 There is a passé approach to maintenance.  We are at reactive maintenance still working toward scheduled 

maintenance.  This is because of the inability to prepare a defendable business model…the correct approach is needed 
– not just a quick fix through software or training but with analysis where the opportunities are and how often and cost 
and savings of it. 

13 Barriers include department heads not being on board.  SM needs to take precedence over vacation or manpower but it 
often doesn’t. 

14 In the service industry, the level of technicians varies greatly based on many factors.  There are 16-17 organizations 
that give HVAC certification and their requirements are all different so there is little consistency.  Technicians need 
more experience and training but each company is different and so each has a different level of familiarity with 
systems, amounts of training, and experience. 

15 Maintenance teams don’t utilize technologies to optimize equipment 
16 Time, dollars and poor scheduling 
17 There is a lack of resources.  There needs to be a change in the environment so that the maintenance people can talk 

with the finance people.  They need to teach each other about saving money long term, instead, maintenance 
departments have concentrated on mechanical issues only and so have missed the finances aspect. 

18 Maintenance is poorly funded. 
19 There is a lack of staffing, funding, and control systems such as a computer that can give the date and time of the 

maintenance needed and alarms. 
20 Economy – the amount of money available.  Instead, they just run the equipment to failure. 
21 The lack of management support.  They feel no need to change or improve. 
22 Tight budgets, lack of manpower and stiff requirements for investments 
23 Everyone thinks they have a SM program, but most of the time they don’t.  It is often too hard to do it right.  It’s the way 

management responds.  Management responds to fires and then sees results.  They spend more money, which is more 
impressive.  SM is not chic, they don’t understand the benefits and it is too hard to show them. 

24 The biggest barrier to implementing a SM program is that most often, the folks who have to carry out the tasks have had 
little to no say in the establishing of those tasks.   This leads to a lack of buy-in and/or understanding as to the value of 
each task.  Typically, 40 – 60% of SM tasks are seen by those who must carry them out as having little to no value; 
when time/money become factors, tasks are arbitrarily omitted.  This can then lead to compound problems that may be 
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outside the scope of what you are looking for here. 

25 Maintenance staffs do not fulfill the scheduling.  The staff feels they are overworked and underpaid and the 
management feels the staff is lazy and do not do what they are told.  Both are a little true. 

26 The cost, lack of personnel, funding, resources, and time. 
27 There are too few people and too many fires. 
28 It comes down to time. 
29 It is perceived as not being effective, which becomes a barrier.  But it is something that they realize over time as being 

effective.  You see it if you can switch back and forth to see the difference. 
30 Cost, manpower and lack of in-house resources. 
31 Under funded operating engineers budget making it difficult to switch programs, time, cost, people, not being able to 

convince bosses, no training, scheduling of budget (proposal sits on someone’s desk for 6-9 months and then is 
forgotten when the budget comes so they just ask for a 3-5% increase in budget to cover raises etc. it is a timing issue 
with a cost to adopt). 

32 The energy side of it is not seen by the decision makers.  Additionally, the cost of it, the required time and the difficulty 
of proving what the values are when compared to the perceived value of SM.  

33 N/A 
34 There is a lack of discipline of maintenance staff managers.  To be effective it takes planning and meetings. 
35 The management executive decision process is a barrier.  Furthermore, owners need to understand the value.  At the 

working level, education is a large barrier; you need to understand the purpose that leads to pride of work, respect and 
responsibility. 

36 Lack of resources, both people and money. 
37 Everyone is rushing to “put out fires”.  They have to do something twice but not enough time to do it right once. 
38 Funding.  There are enough capitol funds to build but little money to operate and out budget has to fight against 

necessary budgetary expenses. 
39 The biggest barriers are short-sightedness, lack of understanding the financial side, tight budgets, education, lack of 

ability to make the business case, and poor simple paybacks.  There is a different operation strategy when considering 
lifecycles instead of just simple paybacks. 

40 N/A 
41 Time, there are always fires to be put out. 
42 Most people have more work than time, so implementing a new program and regular maintenance are on the back-

burner.  You have to spend money to save money. 
43 The mindset of management and the reactive attitude, companies are leaner so maintenance is cut down.  It is 

important to have a guy on SM though. 
44 Staffing levels and other activities are barriers.  We, however, do it [SM] in most of out buildings. 
45 Upfront costs are a large barrier.  People don’t want to spend the extra money.  Additionally, the commitment is not 

there.  Management expects their equipment to run longer than it did back in the 60s and 70s. 
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Table 13. Responses to Question #3 
Respondent # Question #3: What are the benefits of a proper SM program? 

1 It addresses or spots problems before they become critical issues and cause damage. 
2 There are a reduced number of unplanned outages, there is increased ability to schedule the work force, the overall 

costs drop, and there is increased satisfaction of clients. 
3 N/A 
4 Work processes are in place and so will happen.  There is a schedule for training, tools and downtime and a reduction 

of OT. 
5 N/A 
6 Costs are lower and uptime is increased. 
7 Optimal operation of equipment could produce energy savings over a less than optimal operation and increases 

comfort. 
8 SM is easy to implement, has less cost than many other maintenance programs as a result of no data gathering info, 

and requires little additional skill. 
9 Higher utilization of operations, better utilization of maintenance resources, increased supply chain support and better 

use of plant/human/material resources. 
10 Identify and alleviate problems before they become too large.  It is just being proactive. 
11 Decreased operating costs and increased lifetime of equipment. 
12 Early alarms for potential failure to avoid downtime. 
13 SM gives early warnings of problems. 
14 Catching problems early and seeing the signs early allowing you to catch the problems before you crash.  Longer 

equipment life, increased comfort and increased cost savings. 
15 Benefits include increased equipment longevity, lack of breakdowns, and better planning. 
16 Longevity and efficiency are the benefits.  You pay a little to save a lot.  You can either pay me now or pay more later. 
17 It extends equipment life, increases reliability, and reduces down time. 
18 NA 
19 There are environmental, life cycle and IAQ benefits.  Furthermore, it may reduce oil or refrigeration leaking and 

decrease energy usage through having equipment working at the desired rating (from less heating and cooling loss 
from running the equipment less time and less overburdened). 

20 Energy savings can be increased through cleaning coils, taking care of bearings, etc. 
21 Hands on productivity and the ability to schedule people properly. 
22 Assess the time you do need.  Run the operations and maintenance program like a work order program with the critical 

and emergency operations/failures being the highest priority work orders.  Then you can properly use your time. 
23 It will help project costs better and result in less cost over time.  It also extends equipment life and can help reduce the 

number of fires.  With looking at checkpoints, energy would be saved and more efficient scheduling of equipment can 
help as well. 

24 N/A 

25 I look at my vehicles; all have gotten 250,000 miles/vehicle.  So SM obviously extends the life of the equipment. 

26 Occupant comfort and energy usage. 
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27 The perceived benefits are that it will cut down on breakdowns; maintenance will yield some results though such as 
maintenance on belts and bearings. 

28 Decrease energy usage, decrease downtime and improve mold control and IAQ. 

29 You find things that are going bad while you are doing the O&M; this will increase the life of the equipment and help run 
it in a more efficient manner. 

30 Safety, efficiency of equipment and length of life of equipment. 

31 N/A 

32 Decreased downtime and increased reliability.  For building owners there is an increased rent-ability. 

33 Scheduled maintenance is effective in reducing unexpected down time and prolonging equipment life. 

34 Increased uptime. 

35 A reduction in emerging repair costs, increase in energy performance and increased indoor air quality. 

36 Increased reliability and reduced maintenance costs. 

37 It is cheaper, quicker and safer than reactive maintenance because everything is planned out. 

38 Keeping the equipment from reaching failure and saving money. 

39 Increased reliability satisfaction and safety are both benefits of SM.  If a proper SM program was not in place there is 
an increased chance of loosing tenants, materials or process losses.   

40 N/A 

41 The benefit of a SM program is the preventive side; keeping problems from happening. 

42 Saves money, equipment lasts longer, increases business operations effectiveness and decreases breakdowns. 

43 Looking at lifecycle costs, you see benefits of increased productivity: the ability to gain a slight edge (and in business 
you need every edge you can get) and decreased labor costs which is often the largest cost. 

44 SM is a function or a means to manage asset value and operate longer with increased efficiency. 

45 Longevity; equipment should last 20-30 years.  Additionally, SM will decrease the expenses of the equipment. 
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Table 14. Responses to Question #4 
Respondent # Question #4: How do we maximize energy savings through SM? 

1 An example is a dirty system that is probably working harder for expected output and so consumes more energy 
(electricity). 

2 Look at spec sheets and determine the expected use and what is the scheduled maintenance then compare the specs 
and previous data to compare the trends. 

3 Per equipment, choose the maintenance program bet suited and is equipment specific. For example, an air handler 
filter; if it is not changed, the potential energy savings is there - and it increases with time. 

4 Rotating equipment has energy benefits associated with planned maintenance.  Regarding aligning, others say yes 
there are energy benefits, but we have proven that there is no energy savings. 

5 N/A 
6 Higher uptime means more efficient use. 
7 You need a baseline to determine the energy savings.  This is not often considered. 
8 Savings can be maximized through common sense and observation.  The interval needs to be adapted between 

maintenance tasks based on previous outcomes. 
9 Maximizing energy savings varies by industry.  Maintenance is often done in the fall and spring because of a low 

demand on service; maybe try year-round maintenance. 
10 There are many ways such as cleaning coils and heat transfer surfaces, vibration analysis, and bearings. 
11 Through testing the efficiency while conducting the SM. 
12 Less reliable machines use more energy, savings can come from lubing (and reducing friction), insulation, and 

increasing the power factor on motors. 
13 An example is decreasing compressed air leaks through implementing a detection program; for steam users, check our 

steam traps. 
14 FDD will tell you how.  FDD is an automated embedded fault detection and diagnostics system.  It will be available in 

the first quarter of next year and will change the relationship with contractors because the faults will be shown and 
reported.  FDD will alert to failures, detect errors, calculate $/day loss and an ROI. 

15 Reduce degradation of equipment efficiency; for example chiller efficiency degrades before failure. 
16 Follow manual and maintenance, but you still need to be proactive and have performance standards. 
17 Put together an energy program.  Value engineering; consider LEED® certification, energy efficiency components, 

sequencing of operations, monitor equipment, track energy costs by building and usage type and finding standard 
costs to find deviations.  To do all of this you need to have a good team. 

18 N/A 
19 Energy is increased due to equipment working at the desired rating (less heating and cooling loss from running the 

equipment less time and less overburdened). 
20 Energy savings can be increased through cleaning coils, taking care of bearings, etc. 
21 Through good inspection, a set frequency of maintenance will result yielding energy savings. 
22 Proper operations and frequent visits to the equipment should result in more efficient operation. 
23 N/A 
24 Properly maintained equipment will use less energy.  A properly managed office will require less energy on the part of 

management to “keep people doing what they want them to do.” 
25 An example is in air filtration; low pressure drop filters will reduce the energy usage. 
26 Good documentation, baselines, and sticking to schedules. 
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27 Actual monitoring saves energy through the use of benchmarking. 
28 Measurement will give feedback which tells you where you are. Make the utility budget the responsibility of the 

engineers and not the building managers. 
29 If you do not change a filter it will clog, causing the motor to draw more amps and reduce the flow over the heat transfer 

surfaces.  Other examples would be motor oil; if you do not use it, the motor will pull harder.  Another is cleaning 
burners; if it is dirty, the gas flow will increase and the flame will be less stable. 

30 Invest with maintenance up to the breakeven point for return and the dollar savings will be maximized. 
31 N/A 
32 Through measurement and verification. 
33 Energy savings can be realized by ensuring that dampers and valves on HVAC equipment function properly.  Also, by 

ensuring that sensors are calibrated. 
34 Intuitively there is energy savings through less wear and heat generation, but this is not very measurable. 
35 Optimizing energy savings is a tricky art.  Primarily, making the necessary adjustments means less waste and repairing 

equipment during non-emergency times means less degraded performance.  This savings can be maximized through 
vibrational readings, thermal imaging, increasing diagnostics of electronic equipment, early identification of problems, 
and through repairing early to reduce the waste resulting from deterioration; when a bearing is found it may be resulting 
in a decrease of 1% but later in the period it would be 3-7%. 

36 Energy savings can be increased by identifying the opportunities for maintenance through scheduled maintenance.  
Increased opportunities can increase savings.  These opportunities are often items such as missing or worn belts, 
clogged filter, etc. 

37 Find the tasks that save energy and make sure that those tasks are done regularly. 
38 Just having a SM program in general, property maintenance is more efficient than no property maintenance. 
39 Efficiency decreases prior to failure so regular SM helps increase the time between failure as well as keep equipment 

operating more efficiently. 
40 If the productivity decreases but the facility is continuing to consume the same amount of energy, the efficiency 

decreases; the input is the same for decreased output. 
41 Through SM, you notice what is wrong and what can be addressed.  Ideally, the maintenance is condition-based but the 

time and money is not often available. 
42 Just properly maintain the equipment and the efficiency will increase. 
43 Energy savings will be a much more important and thus a bigger component with deregulation, market volatility and 

increased prices. 
44 It keeps equipment from being fouled and resultantly aids in reducing over conditioning. 
45 Can decrease operational budgets from proper operation and controls. 
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Table 15. Responses to Question #5 
Respondent # Question #5: How much energy is being wasted due to the lack of proper SM programs? 

1 I'm not qualified to answer that. 
2 15% of the energy consumption. 
3 15%; literature says 5-30%, and 30% is applicable in some cases but it is a bad average. 
4 15-20%; maintenance facilities need infrared surveys because roofs lead to the biggest savings. 
5 I couldn’t guess.  Look at specific systems and extrapolate. 
6 10% 
7 15-20% 
8 For RTUs, the potential savings is 10-30%. 
9 5-10% 
10 10-15% 
11 The rule of thumb in the industry is 10%. 
12 25%; (5% of total assets and energy related assets are 20% of total assets) 
13 10-15%; but it could be much higher than that. 
14 In RTUs, 20-30%; look at the oversizing of systems and ducts. 
15 10-15% 
16 Way too much; 30% or more. 
17 Slip belts, dirty coils, corroded tubes; all of this equals a tremendous waste.  15-20% 
18 20%, if training is incorporated. 
19 Quite a bit, you can almost see it. 20-40% at any operation. 
20 5-12% or better.  Short term savings is possible but long term savings is certain. 
21 Significant – a good program can save at least 10%. 
22 10-15% 
23 N/A 
24 If an asset that has not previously been the subject of an RCM2 analysis is analyzed, in most cases, there will be a 

reduction of between 40-60% of currently scheduled SM tasks.  Therefore, one could argue that 40-60% of the energy 
we expend on assets is currently being wasted because of the lack of proper SM. 

25 It could be cut in half in certain cases, for example, a filter's delta p resistance is changed by the filter. 
26 10% minimum 
27 5-10%; but I cannot put an exact number on it.  In some cases such as lighting, maintenance increased energy usage. 
28 10-20% for O&M, but when including retrofits then the minimum is 20% and it is up to 30%. 
29 At least 10%. 
30 25% 
31 I don’t know, but it is important enough to be addressed by top CEOs and companies. 
32 I’d have no clue, you would know better than I. 
33 It is not really known. 
34 May be significant, but it is not really measurable. 
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35 Correcting poor maintenance control and repair methods would result in 5-10%. 
36 I don’t have any numbers. 
37 I have no numbers. 
38 About 20% in my opinion. 
39 The amount wasted can get really big; the rule of thumb is 5-15% in utility bills.  As a result of low- to no-cost 

modifications and improvements often associated with deferred maintenance issues, the result is 2.5-7.5% savings. 
40 It depends on several factors including downtime. 
41 There is energy savings, but it isn’t big enough to drive a maintenance program on its own. 
42 I’d say 15%. 
43 It depends on the act, but proper maintenance of filters alone would save 30-35%.  This is just one example though. 
44 15-20% 
45 25-50% on one extreme retrofit because there was minimal maintenance because energy was so cheap.  Overall, 

though, I would say 25% across the board. 
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Table 16. Responses to Question #6 
Respondent # Question #6: What are the top three maintenance items that are overlooked but are cost effective? 

1 I'm not qualified to answer that. 
2 Lubrication, premature failure and reduced downtime 
3 The top one is tuning of equipment, secondly is the use of control systems; I can find energy savings features in almost 

every place I walk into that are turned off or poorly scheduled or not in use properly, and finally, people seeing and 
fixing reactively observing.  I remember walking into a place and seeing the filters caving in from the pressure so that 
the dirt is sucked in and reduces the heat transfer capability. 

4 Maintaining the condition of rotating equipment, maintaining the condition of large assets (such as leaks in roof), and 
steam traps 

5 Making sure steam traps are in place and are working, and using digital controls including HVAC commissioning 
6 Keeping more and better records, maintenance management systems, and implementing preventive or predictive 

maintenance programs 
7 Proper scheduling of equipment, its obvious, cost effective and simple; sizing and over cycling including VFD and 

trimming impellers; and economizer performance.  In California this is a huge problem, 2/3-3/4 of economizers are 
not operating properly.  This is a failure of calibration, dampers or control signals and is caused by sensors, controls 
and physical wear. 

8 I would say filters, but many people change filters, so cleaning heat exchangers.  Those paying for the service do not 
appreciate the savings and see no perceived value from it. 

9 For maintenance, changing the maintenance program from a breakdown or corrective maintenance to a preventive 
maintenance program.  For operations, optimizing the supply chain; having raw materials ready.  Additionally, tech 
support maintenance for CMMS. 

10 Dirty coils, worn belts, and leakage in dampers. 
11 Inadequate tuning of HVAC heaters and air conditioning units, verification of the accuracy of output of energy 

management system's equipment, and for industry, making sure processes equipment operating properly. 
12 Inspection by nature is not done but should be.  There are different stages of disarray when inspecting equipment 

(normal, early alarm, alarm, and unacceptable).  This allows you to fix at early alarm or alarm and not at unacceptable.  
13 Repairing compressed air leaks and steam traps, and verifying that switchgears are running properly; corona (arcing) 

causes a 10-15% energy loss to the atmosphere. 
14 Proper thermostat scheduling, refrigeration being over or under charged, and verifying that economizers are working 

properly. 
15 Nearly everything depends on the customer, so if equipment works it means that the customer can be happy.  Most 

equipment works but that doesn’t mean it is efficient. 
16 Grease traps, boiler tuning and checking oil if it is not a natural gas system, making sure things are turned off, and 

using VSDs.  
17 Proper planning of materials, condition monitoring, and using a work management system. 
18 Turning things off and effective scheduling. 
19 For lighting, changing from T-12 to T-8 lamps and using electronic ballasts, increasing air filter quality and boiler 

quality, and optimizing building controls. 
20 Ensuring proper operation of equipment drives (i.e. belts slipping), cleaning dirty coils and dirty filters. 
21 Ensuring proper lubrication, making sure that procedures compliment SM, and making sure that the operator is 

included because he often is not. 
22 Using sensors and thermostats, making sure the burners on the boiler are optimized, and replacing inefficient 

equipment. 
23 Belt maintenance, alignment of machines and vibration monitoring 
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24 Applying a scientific process to determine what should be done to keep something doing what you want it to do 
(RCM’ing an asset); continuing building-block training for operators and technicians; and effective management of the 
asset to include maintenance and operations. 

25 Belt maintenance, checking bearings and replacing air filters. 
26 Clean equipment and replace moving parts such as belts. 
27 Fan and pump lubrication, annual cleaning out of condensers, and cleaning heat exchanger tubes. 
28 Chiller and boiler sequencing, pumping maintenance, and maintaining air handling. 
29 Clean and check belts for a blower motor, the heat exchanger to clean out the inside, and filters. 
30 N/A 
31 N/A 
32 N/A 
33 I don't know. 
34 Checking the filters and lubricating equipment that leads to premature failure. 
35 Belt maintenance and proper lubrication are two maintenance items that are cost effective but often actually done; 

keeping coils clean and quality filtration are both cost effective and often overlooked. 
36 Replacing filters is cost effective and so is replacing oversized equipment with properly sized equipment. 
37 Any maintenance regarding compressed air systems, boiler systems and HVAC systems are often cost effective and 

overlooked. 
38 Changing filters on a timely basis in air conditioning and water treatment in cooling towers. 
39 Three maintenance items are filter changes based on pressure drop and not just time or based on sight, maintenance 

equipment schedules (sequencing) and control loops (tuning actuators). 
40 Compressed air leaks and maintaining productivity of equipment. 
41 Facility management systems that can check on a variety of parameters are available and can be used, but people 

overlook them and don’t use them. 
42 Changing filters, keeping equipment clean, and greasing bearings. 
43 Changing filters, changing belts, and power washing. 
44 Clean coils, make sure actuators operate properly, check inlet vanes, and regularly change filters. 
45 Checking the conditions of heat exchangers, belts and filters. 
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Table 17. Responses to Question #7 
Respondent # Question #7: Do you know of any research that points to quantifying evidence of energy or cost savings?  

1 No, but look at ASHRAE. 
2 Nothing statistically validated; we have a correlation started showing reduced cost and energy from PM/SM work and 

an increase of total money spent correlates to a decrease in operating and utility cost.  It needs still needs one more 
year to get a larger R squared, however. 

3 We have been trying to get DOE and FEMP to do this. Should look at commissioning, recommissioning and continuous 
commissioning™.  They have energy savings numbers that are often applicable to O&M; especially recommissioning.  
Look at PECI [Portland Energy Conservation, Inc.] and Texas A&M.  PECI just wrote an article entitled "Cost 
Effectiveness of Commercial Building Commissioning" in December of 2004.  Texas A&M has an energy systems 
program that created continuous commissioning™ term and has great information. 

4 I can send some steam trap info we used when I was the ultrasonic manager, but other than that not much. 
5 Best site for that is either the DOE or FEMP's. 
6 No, the literature search you did is better than my knowledge. 
7 There are lots of places to try such as the CEC and its PIER program or ASHRAE. 
8 CEC on the web may have something. 
9 I've only seen anecdotal. 
10 DOE studies through AEE.  A lot of the quantifying is calculatable; i.e. “coil Btus lost 20% - you can then calculate it." 
11 Recommissioning is one technique with some data. 
12 There is some on data on lubrication. 
13 Check DOE newsletters. 
14 I will send something to you. 
15 Not quantitatively, but Pacific Gas and Electric has a study that looks at retail customers and the percent of customers 

with efficient equipment.  Only 8% would fall under standard efficiency range.  The rest were inefficient. 
16 No, we just had an energy monitoring system at the facility.  It took degree day weather data and could standardize the 

weather to compare usage. 
17 Berkley Lab has some studies such as duct tape ratings and determining the lost air; as well as using aerosol to stop 

leakage by filling up openings up to ½ inch diameter which results in 25% savings. 
18 N/A 
19 Try talking to performance based contractors. 
20 Try looking at ASHRAE. 
21 Any consultant organization should have their own numbers.  The problem is that these numbers include the increase of 

planning and scheduling and everything else, so it is hard to isolate the SM numbers. 
22 No- it is hard to transpose the data from other people to a specific building.  One of these items with data that is hard to 

transpose is direct buried steam lines. 
23  No. 
24 Yes.  The USN’s NAVAIR (PMA 260) employs RCM 2 on aviation support assets and has achieved an average 65% 

across the board reduction in PMCS tasks.  What’s interesting in their case is that while they have significantly reduced 
the amount of scheduled maintenance, they have also seen a 5% reduction in unscheduled maintenance!   There are 
others – if you look at www.aladon.com (our web site) you can pick from a long list of organizations who have applied 
RCM2 and nearly every one of them will have quantified evidence of the reduction in maintenance (energy) and cost as 
a result of applying this scientific process. 

25 AEE re-released some data.  Maybe try Kimberly Clark; they have an energy calculation program at KCC.com. 
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26 Not off the top of my head. 
27 Maybe O&M software, but it is biased. 
28 No. 
29 No, look at Achrnews and Ashrae plan maintenance magazine. 
30 No. 
31 I may have a useful article.  I will look for it. 
32 N/A 
33 No. 
34 Look at plant engineer and plant maintenance as two periodicals that may have some. 
35 I’ve never seen and solid statements but I would look at IFMA and BOMA. 
36 No, I do not. 
37 Not that I can think of. 
38 No. 
39 I would look toward retrocomissioning case studies from the California Energy Commission. 
40 No. 
41 Check out ASHRAE’s work on this, they have a research project with respect to HVAC equipment and O&M under the 

identifier TRP-1274. 
42 I know of no empirical knowledge. 
43 I have seen some work on filters and power washing.  Maybe try Newcalgon. 
44 Check ASHRAE and BOMA, there is some research on asset management and energy. 
45 I’m not sure if it has really been researched, but just put it into practice and see. Get into performance contracting and 

guarantee the difference.  You will then see that difference or not get paid. 
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Table 18. Responses to Question #8 

Respondent # Question #8: In a national research program, what would the top three things on energy you would want researched? 

1 Alternative Fuels, CHP, and absorption cooling. 
2 Continued emphasis on lighting efficiency to validate or refute the claims of manufacturers, options for thermal 

storage, and window glazing. 
3 Quantify the benefits of predictive maintenance, pilot demonstrations that show exemplary maintenance before/after 

or side-by-side with standard maintenance to show how it is better. Good maintenance is not just energy savings, so 
show other savings such as the added preventive and predictive maintenance that can be done if the maintenance staff 
isn’t running around fixing problems.  This would yield longer equipment life and reduce equipment mortality at a young 
age. 

4 Ways to power remote sensors because batteries die. 
5 Research costs, savings, and ease of implementation and then get that info to the financial people. 
6 Solar applications; because I am invested in it.  But really, alternative sources of energy are good; they are 

economically sound during the peak time of day rates. 
7 Demand reduction strategies because there little evidence of justification, benefits of different O&M strategies.  Try to 

track the results of different methods, such as giving the maintenance department capital line item budget power and 
see if there are positive results; that could totally change how O&M is delt with.   Finally, research the benefits of 
diagnostic tools for trend data such as Packrat. 

8 Monitoring and diagnosing refrigeration, maybe subsidize embedded tools to cost effectively test refrigeration.  Also, 
load shift of demand to off peak using precooling. 

9 O&M savings, applying technology to energy savings, and using energy at the right times by using tech controls 
10 Outside air resets regarding chilled water supply; there are no formulas or hard data on this, only rules of thumb. 
11 A statistically valid sample of customers with SM, go beyond just anecdotal. 
12 Determine who are the energy suckers, what major equipment at these places consume most of the energy, and what 

are the benchmarks or best in class practices to be able to compare them. 
13 Compressed air energy; electric motor usage and electric power monitors; and the cost of steam work. 
14 Changing the behavior of people regarding energy.  Understanding and achieving consistent energy efficiency. 
15 Quantifiable evidence of SM.  Maintenance results in as much savings as typical savings measures, so show the cost 

vs. efficiency savings. 
16 Alternative fuels, renewables such as cold fusion, if it exists, wind, solar, and tide. 
17 Duct leakage, it is a huge waste of energy; air balancing; and recommissioning. 
18 Quantification of savings for SM and other practices. 
19 Renewables, obtain better paybacks; giving more access to new technologies; and hydrogen power, using large lakes 

like what they are doing at Lake Toronto. 
20 Find firm expectations based on equipment and not based on a building, so as to be more exact in where savings can 

be found; determine how to help energy consumers; and quantification of energy to be saved with SM. 
21 N/A 
22 Determine the payback on replacing building envelopes such as windows etc.; decentralizing central plans, such as 

consumers with direct buried steam lines; a comparison between individual window air conditioning and central air 
conditioning; and occupancy sensors such as motion and setback sensors for HVAC and not just lighting. 

23 There are plenty of research reports available.  Maybe research marketing of the concepts.  Or research the cost to 
depend on vendors for sizing and other data instead of on information based on engineering. 
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24 I don’t know at this point.  I would suggest, however, that before an investment was made in a national research 
program to look at energy, that an RCM2 analysis be conducted to determine the functions of the program. 

25 The savings of HVAC optimal performance efficiency in components such as in motors and blowers and fans, and 
compare the cost of dirty coils versus clean coils. 

26 Commissioning the systems and having a baseline and then sustainability of the system. 
27 Energy reduction incentives; and research into renewables, such as wind, to see if the price will decrease. 
28 Renewables, and geothermal in particular, because there are not enough renewables that are useful in an urban 

environment. 
29 An effective way to identify the heat transfer usage, and research airside airflow turbulence through coil configuration 

and its effects on increasing efficiency. 
30 The availability of fossil fuels in North America, investigate into the potential of cogeneration, and lighting retrofits. 
31 N/A 
32 N/A 
33 I'm not sure. 
34 N/A 
35 Humidity control, the cost effective dehumidification (not necessarily in "good" climates) and the relationship of 

building envelope features to HVAC equipment. 
36 Energy waste with respect to good and bad maintenance programs. 
37 Usage level issues and non-energy benefits such as increased capacity. 
38 Solar: is it cost effective and how can we make it more cost effective. 
39 Strategies for improvement, Best Practices, and retrocomissioning. 
40 Increasing the ability to obtain combined heat and power permits, increasing implementation and making 

instrumentation easier to use. 
41 N/A 
42 Modeling programs.  Show owners the benefit of energy efficiency both in the short term and in the long run. 
43 A study on moving away from package RTUs and the ramifications of that.  Instead use a central chiller and a hot water 

boiler.  Find the payoffs and see how the part load amperages change the results. 
44 Increase implementation of combined heat and power, demand control implementation and results, and wireless 

ballasts in demand control. 

45 Alternate fuels such as solar and wind power. 
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Table 19. Responses to Question #9 
Respondent # Question #9: How interested would you be in seeing research in energy savings quantification with respect to your 

business 
1 Absolutely, I would be interested because justification will encourage the implementation of programs. 
2 Extremely interested. 
3 Very. 
4 Very. 
5 Yes, interested. 
6 Mildly interested. 
7 Interested. 
8 Very interested, we have compiled some data. 
9 Always useful.  Yes, valuable. 
10 I think we need it. 
11 Yes, it would help in selling services to skeptical customer. 
12 Yes, it would move the business from the theoretical into the reality. 
13 It could be helpful, but for me personally it is outside of my duty and responsibility.  I do training of compressed air 

systems using ultrasound technologies. 
14 Yes. 
15 Yes, we talk to customers about it, but we lack the data to prove it effectively. 
16 I'm interested, but I'm not a big tech person. 
17 Very interested. 
18 N/A 
19 Yes 
20 Yes, currently it is all gray area.  We can show our spreadsheet, but that is just the contractor’s point of view. 
21 N/A 
22 N/A 
23 N/A 
24 If “energy” is “maintenance”, we quantify the savings in every analysis we conduct. 
25 Yes, we have done some research. 
26 Yes, we would be interested. 
27 Yes, but with respect to my personal business not so much because the rules of thumb can been used. 
28 Yes, quantifying will help but it would help service contractors even more than me. 
29 N/A 
30 Very interested, indirectly it would be useful with respect to clientele to get a broad knowledge. 
31 Yes, it is what a lot of people are looking for. 
32 N/A 
33 Somewhat interested. 
34 N/A 
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35 N/A 
36 No, not very interested.  We do a little for ourselves. 
37 It would be huge, it would be good to do but it hasn’t been done. 
38 Yeah, I would be interested in that. 
39 N/A 
40 Yes 
41 N/A 
42 N/A 
43 Yes, we already use the information we have seen on filters and power washing. 
44 N/A 
45 Clients seem to always be interested. 
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Table 20. Responses to Question #10 
Respondent # Question #10: What are your perceived gaps in SM? 

1 Nothing is regularly being done by a qualified person at most places.  They are just reactively running around. 
2 There is a lack of good management tools to justify SM being implemented because it is currently hard to make the 

pitch. 
3 There is a lack of quantification. 
4 N/A 
5 Research costs, savings, and ease of implementation and then get that information to the financial people. 
6 There is a lack of records including information, costs, and maintenance. 
7 There is not enough forward looking proactive situations.  Additionally, there should be line item budgets because the 

maintenance department has the knowledge and knows their time.  There is also a lack of education. 
8 Finding and using an appropriate tool to better adapt (maybe condition-based maintenance. 
9 N/A 
10 Budget cuts, no downtime and a lack of redundancy to take one machine down to fix it.  Additionally, there is a lack of 

seen value, and intangible costs are cut.  The HVAC industry as a whole is slow to react. This is because they don’t like 
change, and the vast number of contractors are from Mom & Pop contractors and don’t buy into the new trends.  Steam 
systems are the #1 faulty system on the manufacturing side, it is so poorly maintained that they don’t even check steam 
traps.  Another problem is that, for instance fans are sized 40% larger than needed because of the safety factor, and 
this is even done in a constant volume system.  Additionally, there is a bias in the evaluation software that companies 
put out that emphasize a particular aspect or perk that only they sell or that they do the best. 

11 A lot of places don’t do it SM, or don’t look at energy, and if they do look at SM or energy, then they do the energy 
conservation steps poorly. 

12 There is a lot of opportunity but people are missing the boat.  Improving planning and scheduling only taps into 15% of 
the pie.  5% is unmitigateable - meaning a redesign is required to conserve more energy, for 10%, the best approach is 
to allow the equipment to fail, 70% is available in a condition monitoring based program, and only 15% is scheduled 
discarding of equipment or machines.  Predefined standards need to be used so observation can be used to determine 
if the equipment is poor and needs replacement or if it is unacceptable and is on the verge of failure. 

13 Commitment of the team and consistency are both gaps. 
14 How full featured is the maintenance program; what is ignored, what is followed, what is the nature of the program.  

RTUs are on average 5-10 tons and are 70% of systems (built up units cover other 30%).  Economizers are failed or 
need repair 64% of the time.  Similarly, thermostats have problems 58% of the time.  Even after a technician leaves, 
there are still problems. 

15 There is a lack of instrumentation, and what exists is not very accurate.  The cost to maintain instrumentation and 
monitoring is too high. You need to find out what is the least amount of instrumentation that will maximize 
optimization. 

16 It is hard to believe in something, they think it is too good to be true.  As a result, you have to verify the claims. 
17 Resource availability and funding. You need to pinpoint what is the problem and what causes it. 
18 N/A 
19 SM needs to become a priority for it to be effective; you need a strong caretaker or watchdog that pushes the program. 
20 SM is set up to be done at the same time each year, but this is still weather dependant and the weather does not always 

line up.  From the customer point of view they want to wait until it is going to be needed.  As a result, everyone crunches 
it into the same period of time each year and the work is delayed or done hurriedly. 

21 N/A 
22 N/A 
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23 N/A 
24 A lack of communication between the decision makers and the maintenance people. 
25 Non-proper scheduling of SM and skipping the work. 
26 Not enough quantifiable studies with real savings and paybacks, additionally, O&M staffs too often get cut. 
27 Salesmen stretch the truth too often to make the sale. 
28 It too often is not scheduled and when it is, it isn't being implemented or done. 
29 N/A 
30 N/A 
31 It needs to be shown that it is a tried technology.  Increase the competition to help sell the program; show that others 

are doing it and are beating us. 
32 N/A 
33 Making sure that all equipment is included and then making sure that all information is current. 
34 Maintenance just wants equipment not to breakdown, however, they need to take the time to do SM and that could 

take four hours of downtime to do.  As a result, SM takes downtime to increase uptime. 
35 N/A 
36 The gap for companies trying to implement it is a lack of people and money.  For the industry it is the lack of a way to 

monitor the program. 
37 The philosophy is that of reactive maintenance, if Joe can fix everything he is rewarded.  There is heroism of those that 

fix problems, not those that prevent a potential problem. 
38 A lack of resources. 
39 The big picture is not looked at, just the immediate issue.  The big picture allows for a breakdown to be seen and weak 

points to be observed. 
40 The problem is that maintenance crews have to help elsewhere so do not do the operations and maintenance as 

required. 
41 N/A 
42 The mindset of the people in charge is a gap.  People need to define SM so everyone is on the same page and then hold 

people accountable. 
43 The mindset is when something goes down all you have to do is call to fix it.  The mindset should be that this is not good 

and that instead equipment downtime should be reduced. 
44 There is a business philosophy of running equipment to failure as a way to save money. 
45 N/A 
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APPENDIX D – BEST MAINTENANCE REPAIR PRACTICES 
Table 21 shows the best maintneance repair practices as well as the consequence for not following best 
practices. 

Table 21. Best Maintenance Repair Practices60 
Maintenance 
Task 

Standard Required Best Practice Consequence For Not 
Following Best Practices 

Probability of 
Future Failures > 
Number of Self-
Induced Failures, 
Versus Following 
Best Practices 

Lubricate 
Bearings 

Lubrication interval - 
time based ± 10% 
variance 

1. Clean fittings 

2. Clean end of grease gun 

3. Lubricate with proper amount and right 
type of lubricant 

4. Lubricate within variance of frequency 

 Early bearing failure - 
reduced life by 20-80% 

100% > 20 vs. 1 

Coupling 
Alignment 

Align motor couplings 
utilizing dial indicator or 
laser alignment 
procedures.  (Laser is 
preferred for speed and 
accuracy) Straight edge 
method is 
unacceptable. 

1. Check runout on shafts and couplings 
2. Check for soft foot 
3. Align angular 
4. Align horizontal 
5. Align equipment specifications not 

coupling specifications 

 Premature coupling failure 
 Premature bearing and seal 

failure in motor and driven 
unit 

 Excessive energy loss 

100% > 7 vs. 1 

V-Belts Measure the tension of 
v-belts through tension 
and deflection utilizing 
a belt tension gage 

1. Identify the proper tension and deflection 
2. Set tension to specifications 

 Premature belt failures 
through rapid belt wear or 
total belt failure 

 Premature bearing failure 
of driven and driver unit 

 Belt creeping or slipping 
causing speed variation 
without excessive noise 

 Motor shaft breakage 

100% > 20 vs. 1 

Hydraulic 
Components 

Hydraulic fluid must be 
conditioned to 
component 
specifications 

1. Hydraulic fluid must be input into the 
hydraulic reservoir utilizing a filter 
pumping system only 

2. Filters must be rated to meet the needs of 
the component reliability and not 
equipment manufacturers specifications 

3. Filters must be changed on a timed basis 
based on filter condition 

4. Oil samples must be taken on a set 
frequency and all particles should be 
trended in order to understand the 
condition and wear of the hydraulic unit 

 Sticking hydraulic 
 Premature or unknown 

hydraulic pump life 
 Sustaining hydraulic 

competency by 
maintenance personnel 

 Length of equipment 
breakdown causes lost 
production 

100% > 30 vs. 1 

                                                      
60 (Smith 2000) 
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APPENDIX E – USES FOR INFRARED THERMOGRAPHY 
Infrared thermography can be used for the following applications61: 

 Electrical inspections in buildings, plants, facilities, refineries 

 Thermal heat loss for buildings, plants, facilities, refineries 

 Moisture contamination evaluation in buildings, condos, plants, facilities 

 Concrete integrity inspections 

 Concrete water-heated floor inspections for leaks and temperature distribution 

 Flat roof leak detection for buildings, plants, facilities 

 Power plant boiler flue gas leak detection 

 Substation electrical inspection, transformers and capacitor evaluation 

 Overhead urban and rural distribution electrical inspections 

 High voltage aerial electrical inspections for transmission lines 

 Electrical motor inspections. 

 Mechanical bearing inspections 

 Heating, ventilation, air-conditioning equipment evaluation 

 Pipeline inspections, leak detection, stress corrosion and cracking areas 

 Cold storage cooling losses 

 Refinery process line insulation loss or leak detection 

 Refinery process evaluation 

 Heat exchanger quality and efficiency evaluation 

 Furnace refractory (insulation) inspections 

 Research and development applications 

 

                                                      
61 (Energy Solutions Resources c) 
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APPENDIX F – FIFTEEN O&M BEST PRACTICES FOR ENERGY 
EFFICIENT BUILDINGS 
The fifteen O&M best practices for energy efficient buildings and the goal of each are broken down into 
four categories.  These categories include management, teamwork, resources and energy-efficient 
operation and maintenance (Portland Energy Conservation Inc. 1999a). 

 Management 

 Goals 

 Incorporate goals for energy efficient building operation into the strategic business plan 

 Planning 

  Require an energy management plan with energy-efficient operation as a primary 
component 

 Energy accounting 

 Use an energy accounting system to locate savings opportunities and to track and 
measure the success of energy-efficient strategies 

 Teamwork 

 Staffing 

 Hire or appoint an energy manager 

 Training 

 Train building operators in energy-efficient O&M activities 

 Outsourcing 

 Require service contracts that support energy-efficient building operation 

 Partnerships 

 Acknowledge energy-efficient operation as a cross-functional activity 

 Resources 

 Documentation 

 Maintain continuity and resource troubleshooting costs 

 Tools 

 Equip O&M staff with state-of-the-art diagnostic tools 

 Assessments 

 Perform a comprehensive O&M site assessment 

 Energy-Efficient Operation and Maintenance 

 Tune-ups 

 Perform O&M tune-up actions 

 Automatic controls 
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 Make full use of automatic controls to optimize efficient operation 

 Scheduling 

 Operate equipment only when needed 

 Tracking 

 Track actual performance against expected performance for major equipment 

 Preventive operation & maintenance 

 Redefine preventive maintenance to include activities critical to energy-efficient building 
operation 
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APPENDIX G – SUGGESTED SCHEDULED MAINTENANCE 
ACTIONS 
Included below are some suggested scheduled maintenance actions for several typical HVAC systems62: 

 

Air Handling Unit 

 Cooling coils and the associated condensate pan and drain line shall be cleaned and inspected. 

 Maintenance of the cooling coils shall include the use of acceptable products for the treatment of 
the condensate pans to prevent biological growth. 

 Proper function of the air handling unit will be verified periodically. 

 Measure motor amperage to establish motor load compared to manufacturers’ recommendation 
(quarterly). 

 Perform air handling unit duct traverse to compare to manufacturers’ recommendation and 
original air balance report to existing conditions (annual). 

 Verify that outside air meets original design requirements, tenant lease requirements or current 
local code as appropriate (annual). 

 Inspect for loose or damaged fiberglass liner (annual). 

 

Distribution Ductwork 

 Inspect for loose or damaged fiberglass liner (annual). 

 Verify operation of balancing dampers in accordance with original engineering design or 
manufacturer’s recommendations (annual). 

 Verify position and operation of fire/smoke dampers in accordance with original engineering 
design and/or manufacturers recommendations (annual). 

 Terminal Distribution Unit - Inspect for loose or damaged fiberglass liner (annual). 

 

Chillers 

General 

 Maintenance of refrigeration equipment shall comply with manufacturer’s recommendations. 

 All maintenance procedures must be included in the property’s preventive/predictive maintenance 
program. 

 Critical temperature and pressure logs (automatic or manual) will be kept on all refrigeration 
equipment. 

 Maintain chlorofluorocarbon (CFC) inventory tracking logs and equipment service logs as 
required by the Environmental Protection Agency. 

                                                      
62 (Craig 2006) 
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 Major & minor overhauls shall be in accordance with manufacturer’s recommendations. 

Centrifugal Equipment  

 Seasonal startup inspection 

 During seasonal operation, monthly inspections 

 Seasonal stop inspection. 

 Clean condenser tubes (annual). 

 Eddy current test condenser tubes (every three years unless the inspection results indicate an 
increased frequency is warranted). 

 Clean and eddy current test evaporator tubes (every five years unless inspection results indicate 
more frequent inspection is warranted). 

 Verify chiller efficiency (annual). 

 Perform an infrared scan of the chiller motor starter and associated wiring (annual). 

 Analyze the refrigerant oil (annual). 

 Analyze the refrigerant (annual). 

 

Cooling Towers 

 Structural inspections, mechanical maintenance and cleaning of cooling towers comply with the 
cooling tower manufacturer’s recommendations. 

 Specifics of the maintenance program are part of the preventive/predictive maintenance program. 

 A chemical water treatment program is in place to maintain the water quality.  Proper water 
chemistry is key to the performance of the cooling tower, associated air conditioning system and 
environmental considerations. 

 The water treatment program conforms to the appropriate section of this manual. 

 Cooling tower leaks should be addressed promptly to reduce water and chemical consumption 
and to reduce the impact of excessive moisture on the surrounding infrastructure. 

 Corrosion of metal components should be addressed promptly.  A thorough corrosion inspection 
and control program should be undertaken as part of the annual shut down. 

 Review building design conditions to maintain proper clearance for the cooling tower. 

 Review drift patterns for the cooling tower to ensure that the cooling tower is not impacting the 
building’s outside air supply. 

 Water and/or blow down meters should be installed to obtain evaporation or sewer credit. 

 

Air Filters 

 Filter selection should consider the HVAC system’s actual or design airflow and allowable 
pressure drop to ensure proper operation of the system. 

 Filter efficiency (as determined by ASHRAE 52.1-1992) should be the highest available while 
not exceeding the resistance design criteria of the HVAC system. 
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 Filter media should consist of a non-woven synthetic material. 

 Other filter criteria to consider: pleated construction, biocide treated, adhesive treated. 

 Frequency of filter changes should conform to manufacturer’s recommendations. 

 Typically, replacement frequency will be based on the allowable pressure drop across the filter 
media; the pressure drop should not be allowed to exceed the HVAC equipment’s allowable 
pressure drop. 

 Prompt replacement of filters is essential to prevent re-entrainment of trapped particulates. 

 Filters intended for extended use (Rigid or box filters) should be subjected to laboratory testing to 
determine the level of contamination, to ensure that they do not remain in place longer that 
advisable. 

 Filter replacement should only be conducted when the HVAC equipment is shut down. 

 Air plenums immediately upstream & downstream of the filter racks should be thoroughly 
cleaned after removal of the filters. 

 Filters should be repackaged during the removal process to prevent the release of trapped 
particulates into the HVAC system. 

 

Building Envelope 

 At a minimum, roofs should be inspected semi-annually, spring and fall. 

 Additional inspections should be performed based on the following criteria 

 After the roof has been exposed to unusually severe weather conditions, such as hail, high winds, 
unusual snow or water loading etc. 

 Before and after the installation of roof mounted equipment including roof mounted air 
conditioning equipment, antennas or other communication/telecommunication equipment etc. 

 Immediately prior to and after maintenance, repair or roofing projects. 

 A roof condition assessment should be performed at the end of the second year after original 
installation and then every 5 years. The exception to every 5 years would be a major event such 
as roof damage from a major weather event or an unusually large roof mounted equipment 
project. 

 A roof condition assessment is also recommended in instances when significant standing water is 
present on a roof due to failure to maintain the drains/scuppers, unanticipated volume of rainfall 
or inadequate drainage capacity.  The concern is similar to snow load. 

 In general, windows require very little maintenance.  They need to be cleaned occasionally for 
aesthetic reasons, but otherwise left alone.  However, windows can become a source of water 
infiltration if not properly maintained on a regular basis. 
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APPENDIX H – SCHEDULED MAINTENANCE TOOL LIST 
The suggested tool list for use with a scheduled maintenance program is included below63: 

Crowbars Measuring and Level Devices 

Wrecking crowbar Wheel type measuring device 

16” ladyfoot prybar 12” Combination square 

18” ladyfoot prybar 25’ Tape measure 

Electrician’s Tools 100’ Tape measure 

Wire strippers Torpedo level 

Crimping tool and solderless terminal kit 24” Level 

100’ fish tape Pliers and Cutters 

1/2” EMT conduit bender 8” Slip joint pliers 

3/4” EMT conduit bender 10” Groove joint pliers 

260 watt soldering gun kit 14” Grove joint pliers 

Cartridge fuse puller 9” Long nose pliers 

Cable cutters 10” Curved jaw locking pliers 

Chasis punch 9” High leverage side cut electricians pliers 

Bulb snatcher and pole Straight cut aviation sheet metal snips 

Hammers and Chisels 9” Lineman’s pliers 

16 oz. Claw hammer 24” Center cut bolt cutters 

10 oz. Ball pein hammer 8” Diagonal cutters 

Rubber mallet Plumber’s Tools 

2.5 lb. Sledge hammer 12” adjustable wrench 

Punch and chisel set 24” adjustable wrench 

Ladders - Note: Must meet OSHA requirements 12” pipe wrench 

3’ Wooden step ladder 18” pipe wrench 

6’ Wooden step ladder 24” pipe wrench 

6’ Fiberglass step ladder 36” pipe wrench 

8’ Fiberglass step ladder 36” chain wrench 

10’ fiberglass step ladder 1”- 5” capacity strap wrench 

36’ aluminum extension ladder Basin wrench (telescope shank) 

 Tube cutter (1/8” to 5/8” O.D.) 

                                                      
63 (Craig 2006) 
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Plumber’s Tools (continued) Safety Related Items 

Tube cutter (1/8” to 1 1/8” O.D.) Safety goggles 

Pipe cutter Eye wash station 

Plunger Full face shields 

Closet auger Safety harness 

10” Smooth jaw groove joint pliers Leather work gloves 

Tube cleaners First aid kit 

Portable Power Tools and Accessories Hearing protectors/protection 

1/2” electric drill Safety decals 

3/8” hammer drill Fire blankets 

3/8” cordless drill Respirators 

Reciprocating saw Flameproof cabinets 

Circular saw Safety cans 

Tube cleaning machine (Goodway) Hard hats 

29 piece twist drill set Rubber gloves 

piece masonry bit set 3/16",  1/4”, 5/16”, 
3/8” 

Rubber aprons 

13 piece hole saw kit 3/4” – 2 1/2” Lockout/Tagout labels and locks 

8 piece drill screwdriver bit set Safety shoes 

Refrigeration Tools Flashlights 

Multi-head fin straightener Specialized Instruments 

Flare/swang tool Air balance hood 

Inner/outer reamer Magnehelic kit 

Service valve wrench Inclined manometer 

Refrigeration gage set Watt recorder 

Superheat thermometer kit Megohmmeter 

Electronic leak detector Ammeter 

Evacuation pump Amperage recorder 

Snow Removal Tools Voltage recorder 

Snow blower Mechanical tachometer 

Salt spreader Sling Psychrometer 

Snow shovels Portable temperature recorder 

2.5 gallon gas can Digital thermometer 

Lock de-icer Multi-tester, volt-ohm meter 
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Stationary Shop Tools and Fixtures Wall and Seam Devices 

7” Bench grinder (with wire wheel) Stud finder 

5” Work shop vise Stainless Steel drywall mud pan 

1/4” – 6” Bench chain vise Small drywall mud knife 

Work bench (wood top) Large drywall mud knife 

Office and break room furniture Staple gun 

Key cabinet Caulk gun (cartridge type) 

Plastic trash can Wrenches 

Small refrigerator 11 piece 3/8” – 1” combination wrench set 

36 drawer parts storage cabinet 1/2” drive socket set (with deep sockets) 

Open shelving 1/4” and 3/8” drive socket set (with deep 
sockets) 

Print rack 250 ft./lb. torque wrench 

Locker section 7 piece nut driver set 

General tool and parts storage cabinet 13 piece long allen wrench set 

10 drawer top chest tool box 6” adjustable wrench  

8 drawer bottom chest rollaway cabinet tool box 10” adjustable wrench 

Bulletin board 8 piece allen hex set 

Air compressor 12 piece screw driver set 

Battery Charger “T” handle allen wrench set 
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Other Items  

Two wheel hand truck Sportsman lantern 

Wheel cart Propane torch set 

Cable hoist Pop rivet gun and rivets 

Belt hoist Screw extractor set 

Web lift slings Wire brushes 

Trouble lights jaw puller 9” reach 10” spread 

Extension cords jaw puller 11” reach 14” spread 

3/4” Utility hose (100’) Engraving tool 

Hose caddy Gasket cutting tool kit 

Padlocks 26” hand cross cut saw 

ton Hydraulic jack Hacksaw 

Pressure washer  Bench dusters 

Oil can with flexible nozzle Dust pans 

Grease guns Flashlights 

Furniture dolly Portable submersible pump 

Dymo label kit Wet – dry vacuum 

Alphabet stamping die set Automatic 3mm camera with flash 

41 piece tap and die set   
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