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INDUSIXXL OPERATIONS AND MAINTENANCE ENERGY MEASURES: A REVIEW 

Steven A. Parker, Krista L. Gaustad, and David W. Winiarski 

ABSTRACT 
Industry consumes a significant percentage of the total electric 
energy consumption both nationally and iq the Pacific Northwest. 
However, industrial demand-side management (DSM) activities 
in thii sector are underdeveloped and typically concentrate on 
new technologies and new equipment. An overlooked opportuni- 
ty for electric resource development is through operations and 
maintenance (O&M) activities. 

The purpose of this project is to determine the industrial DSM 
potential that may be achieved through O&M practices both in 
the United States and the Pacific Northwest. The overall goal of 
the project is to identify, quantify, c o n h ,  and develop conser- 
vation resources that can be achieved from the industrial sector 
through O&M practices and energy measures. 

The results of the study identify a significant electric resource 
potential available through improved O&M activities in industry. 
Several O&M type energy-saving measures that increase efficien- 
cies and reduce loads are identified and estimates of potential 
energy savings associated with each measure are presented. 
Systems identified with the most potential include compressed-air 
systems; motors and motor drives; lighting; heating, ventilating 
and air conditioning (HVAC); and control systems. The results 
of the research show that industrial electric energy consumption 
can be notably reduced by implementing key O&M type energy 
measures. Specifically, the results of industrial energy audits, 
case studies, and other published sources indicate that reductions 
in energy consumption from improved O&M activities can 
average between 8% and 12.5%. 

INTRODUCTION 
Industry consumes a significant percentage of the total electric 
load; however, industrial DSM resource development activities 
in this sector are underdeveloped. One such opportunity for 
electric resource development is through O&M activities. 

Despite the importance of industry in the Pacific Northwest, little 
information has been available on the DSM resource potential, 
particularly through O&M activities. To obtain this information, 
the Bonneville Power Administration and the U.S. Department of 
Energy-Seattle Support Office commissioned the Pacific North- 
westlaboratory" (PNL) to study the DSM resourcepotential that 
may be achieved through O&M practices in Pacific Northwest 
industries. The information from this study will be used to 
identify specific O&M activities and industries having significant 
opportunity for reducing electricity consumption for further 
evaluation in future tasks of this project. 

The primary focus of this paper is to summarize the major 
findings of the h t  phase of this project, the literature and data 
review. Detailed analysis and use of all data gathered in the 
review are beyond the scope of this paper. For a more detailed 
analysis, see Parker et al. [l]. However, the findings reported in 
this analysis provide an extensive framework for identifying and 
estimating the electric energy resource potential available in the 
industrial manufacturing sector. 

INDUSTRIAL ELECTRIC O&M ENERGY CONSERVA- 
TION OPPORTUNITIES AND POTENTIAL ENERGY 
SAVINGS 
The following presents the findings of the literature and data 
search for potential energy savings through O&M energy 
measures. To establish a commonality with the reader, a 
working defir;ition for O&M used in the search is also presented. 
Estimates of energy savings and resu1ts:of case studies, which 
were identified in the research, are discussed. This information 
is then correlated with industrial electricity consumption end-use 
estimates to establish an estimate of overall energy-saving 
potential for various O&M energy measures. 

(a) PNL is operated by Battelle Memorial lnstitute for the U.S. 
Department of Energy under Contract DE-AC06-76RLO 1830. f 
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Defiiing O&M 
Before reviewing literature and data sources for O&M energy- 
savings potential, it is first important to define what is implied 
through the term O&M. There are several different categories of 
maintenance. Fuchs defines six different categories of mainte 
nance, including preventive maintenance (and predictive), 
unscheduled repairs, emergency repairs, scheduled maintenance, 
and rouJine maintenanceactivities 121. In addition, Fuchs defines 
four categories of non-maintenance, including construction, 
equipment. installation, equipment relocation, and equipment 
modification. Although these definitions may cover maintenance 
and non-maintenance, none of these terms considers operations. 

To assist in developing a working definition of O&M for use in 
this review, PNL utilized the resources of the project's technical 
advisory committee (TAC). The following multifaceted definition 
resulted: 

any item or activity that will bring the equipment back to 
its original design and specification; e.g., repair 
a repetitive activity; e.g., preventive and predictive 
maintenance 
a low-cost item that can be installed or performed by the 
O&M staff, although it may be contracted; an activity or 
item that is considered a routine capability 
an activity that is financed as an expense rather than 
capital 
an item or activity that has a simple payback of less than 
one year 
any activity affecting the operation of equipment, e.g., 
control set points, schedules, and procedures 

f 

The above definition has much potential for'debate, even among 
the authors and members of the TAC. Not everybody's defini- 
tion of O&M is the same. The reader may consider some 
measures in the following discussion to be capital items and other 
O&M measures to be found missing. 

Industrial Electric O&M Potential Energy Savings Literature 
Review 
Numerous publications were reviewed to identify industrial 
energy-savings potential through O&M activities with only 
moderate success. Although a number of publications contain 
information such as energy conservation checklists, O&M 
activities, and O&M energy impacts, there is very little quantifi- 
able data use l l  in compiling a picture by industry or end use. 
The general problem is that the literature is hgmented, and 
specific information regarding energy-savings impact of O&M 
activities is very limited. The information that is identified is 
based mainly on small case studies with limited 'generalized 
energy-savings impact of O&M measures or it is overgeneralized 
expert opinions, not measured data. 

The information obtained from the literature review is summa- 
rized ';1 Table 1. This information identifies several O&M 
measures and an estimated percentage energy-savings potential 
for each measure. To estimate the energy-savings potential, it is 
necessary to associatea specific electric end-use energy consump- 
tion estimate with each O&M measure. The Electric Power 
Research Institute (EPRI) publishes several documents that 
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provide estimates of electricity consumption by end-use category 
and by standard industrial classification (SIC) [14, 15, 16, and 
17. Electric end-use estimates for the Pacific Northwest region 
were derived by correlating the EPRI information with the 
regional energy consumption information h m  the Pacific 
Northwest Power Planning Council industrial energy demand 
model [l]. Engineering judgement is used to determine the "best 
fit" of electric end-use category to the O&M measure. Using the 
percentage energy savings fmm the literature review and the 
associated end-use category, estimates of the national and Pacific 
Northwest regional electric energy-savings potential are calculat- 
ed. These estimates are also shown in Table 1. 

Table 1 lists potential energy savings derived h m  a variety of 
different sources, ranging h m  small case studies to expert 
opinions. There is a significant amount of overlap in categories 
and duplication of energy conservation measures, often with 
different reported savings estimates. A second limitation to these 
findings is uncertainty in determination of the end-use category 
utilized in the calculations. Becausethe electric end-usecategory 
chosen as the "best fit" is not always a perfect fit, there is an 
inherent source of error in the estimates of total energy savings. 
The inconsistency of the data obtained from the literature review 
reflects the difficulty .in estimating the potential impact of a 
particular O&M measure. Savings potential is heavily dependent 
on current operating conditions that can vary widely, depending 
on the characteristics of the industry, plant, and current mainte 
nancepersonnel. However, in addition to indicating the difficul- 
ties associated with determining O&M savings potential, Table 1 
also provides useful information for prioritizing O W  measures. 
An interpretation of the savings potential associated with belt 
drives, leadkg controllers, compressorleaks, motor tuneup, and 
motor scheduling Is presented below. 

Belt Drives: Notethat three measures are aimed at improving the 
efficiency of belt drives. Lovins et al. estimates that 22% of 
industrial motor shaftpower is transmitted through belt drives 
[lo]. V-belt drive efficiency typically ranges h m  90% to 96%. 
Lower figures result from belt slippage and h m  energy disipat- 
ed in belt flexing; both of these inefficiencies increase with 
smallerpulley sizes. Industry estimates suggest that 30% to 60% 
of these belt drives are not well maintained. In general, this 
refers to improper belt tension. Savings from switching to 
energy-efficientv-belts (referred to as cogged v-belts) or synchro- 
nous belts should be small over a well maintained drive and large 
over a poorly maintained drive. The use of cogged or synchro- 
nous belts is, of course, mutually exclusive. One laboratory 
study comparing synchronous belts with well maintained v-belts 
drives reports a 5.6% savings using synchronous belts in small, 
3-in.diameter pulleys and a 2.0% savings using 8-in.diameter 
pulleys [lo]. The same report suggests that the savings over 
cogged belts was 3.6% and 0.5% respectively. Table 1 applies 
the average of these to all pulleys and to all belt drive systems. 
In actual practice, the significant savings differences due to the 
pulley size might make synchronous belts a worthwhile invest- 
ment only in certain instances, although the savings in mainte 
nance may also make them attractive. 

Lead/Lag Controllers: Leadnag controllers are control devices 
used in pneumatic or fluid systems where more than one com- 



TABLE 1. INDUSTRIAL O&M ELECTRIC ENERGY MEASURES AND SAVINGS POTENTUL 

Estimated Estimated Industrial 
Percentage Percent End-Use Potential E n e m  Savings 

United States PNW Savings Savings Category 
(%) Reference and Reference O&M E n e m  Measure 

Total energy management program 
General proper maintenance of electromechanical 

Employee participation program 
O M  program - school. case study 
General air compressor O W  
Reduce compressed-air leaks 
Reduce compressed-air leaks 
Relocate compressed-air intake to outside 
General air conditioning O&M 
Clean A/C filters 
Install industrial refrigeration controls 
Install fast contrdllers on compressors 
Install sequential lead/lag controllers 
Install sequential lead/lag controllers . 
Use improved lubricant 
Use improved lubricant 
Do not over-lubricate motors 
Improve bearings, lubricant and lube maintenance 
Use premium lubricants 
Use improved lubricants in gearboxes 
Improved lubricant - wire drawing process 
Replace v-belts with cogged v-belts 
Replace v-belts with synchronous belts 
Improve maintenance on v-belt drives 
Correct voltage imbalance 
Apply correct voltage to motors 
Reduce operating voltage 1 % 
Electrical tune up of motor system 
Improved motor use and scheduling 
Turn off motor heaters during operation 
Turn off idling motors 
Provide better motor cooling 

system 

30.00 p] 
12.50 [4] 

19.00 151 
37.00 [3] 
12.59 [a 
27.50 173 
5.00 [61 
3.50 [a 

30.00 [SI 
8.00 [SI 

10.00 191 
20.00 [lo] 
20.00 [91 
10.00 191 
3.33 [113 
5.00 [12] 
0.38 [lo] 
0.63 [lo] 

11.50 191 
10.00 1101 
9.00 [13] 
2.70 [lo] 
3.80 [lo] 
3.00 [lo] 
‘1.70 [lo] 
3.30 [lo] 
0.41 [lo] 
8.00 [9] 
3.50 [4] 
0.09 [lo] 
0.43 [lo] 
0.09 [lo] 

All [l & 151 
All [l & 151 

All [l & 151 
nla 

.compressors [I, 15 & 161 
Compressors [I, 15 & 161 
Compressors [I, 15 & 161 
Compressors [l, 15 & 161 
Chillers [la 13 
Chillers [l & 13 
SIC 20-Refrig. [I & 13 
Compressors [l, 15 & 161 

Pumps [l, 15 & 161 
Motors [l & 151 
Motors [l & 151 
Motors [1& 151 
Motors [1& 151 
Motors [1& 18 
Motors (20%)(3 [I & 151 
unknown 
Motors (34%)@) [1& 151 
Motors (34%)” [I & 151 
Motors (34%)@) [l & 151 
Motors [l & 151 
Motors [1 & 151 
Motors [I & 151 
Motors [1& 151 
Motok [I & 151 
Motors [l & 151 
Motors [l & 151 
Motors [I & 1.51 

compressors [l, 15 & 161 

(a) Competitek estimates that 20% of the motor populationutilizes gearboxes [lo]. 
@) Competitek estimates that 34% of the motor populationutilizes v-belts [lo]. 

pressor or pump is required and where the air or fluid flow 
vanes, The controls are used to cycle certain compressors (or 
pumps) in the system on or off to keep the working compressors 
(or pumps) in the system operating at an optimal efficiency and 
required flow. Thus, the savings potential listed for leadllag 
controllers on compressors and pumps is only applicable to 
systems with multiple compressors or pumps. The fraction of 
systems that meet this criterion is unknown; however, it is not all 
of the compressor or pump systems. 

Fast controllers are leadllag controllers that also match pressure 
set points to variable loads and reduce compressor surges. The 
reported savings potential for fast controllers and lead/lag 
controllers suggests that much of the savings is implementing a 
leadllag effect. Becausethe cost of these controllers is not very 
dependent on compressor size, they are particularly attractive in 
large compressor systems. 
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Compressed-Air Leaks: 

fmillion kwhlvr) 

253,110 
105,463 

160,303 
nla 

8,720 
19,046 
3,463 
2,424 

13,786 
3,676 

201 
13,852 

. 13,852 
12,406 
19,344 
29,045 
2,178 
3,631 

66,804 
11,618 

nla 
5,333 
7,505 
5,925 
9,875 

19,170 
2,382 

46,472 
20,332 

505 
2,498 
505 

{million kWh/vr] 

17,794 
7,414 

11,269 
nla 
416 
908 
165 
116 
522 
139 
52 

661 
661 
697 

1,256 
1,886 

143 
238 

4,339 
755 
n/a 
346 
487 
385 
641 

1,245 
155 

3,018 
* 1,320 

34 
162 
34 

Repair of leaks in comuressed-air 
systems is a very common O&M issue with good payback. It is 
labor intensive, however, and to keep up with the system it is 
important that leaks be checked on a regular basis. The savings 
associated with this measure have been applied to a compressor 
end-use category. Unfortunately, this EPRI end-use category 
does not separateair compressors h m  refigeration compressors; 
thus, some error exists in this estimate. The savings reported for 
general air compressor O&M is the result of air compressor 
audits at four North Carolina industrial plants [a. The study 
estimated that the averagesavings for manufacturing plants in that 
state would be 12.6% of compressor energy. 

Motor Tuneup and Motor Scheduling: Most motor O&M 
measures involve some type of tuneup of the plant electrical 
system or better scheduling of the motor use to the application. 
Controlling phase imbalance or plant supply voltage allows 



maintenancepersonnel to consistently improve motor performance 
throughout the plant. It is important that motors be properly 
sized for the load and that proper voltage be applied. If a plant 
uses predominantly dual voltage motors, it may be hard to correct 
the plant's line voltage to achieve an optimum performance. 
Phase imbalance results primarily from large loads on only one. 
phase of the plant's electrical network. Correction requires 
redistributing these loads across each electrical phase to balance 
power draw. The application of the individual electrical tuneup . 
measures listed by hv ins  suggests a 5.5% savings; however, this 
is from studies of individual motors. A second source reports a 
higher savings of 8 % 191. Correcting voltage imbalance between 
phases on a polyphase motor can significantly improve the 
motor's efficiency. Improved motor use and scheduling, 
operational changes, and improved maintenance practices were 
lumped together by Smith as having a total estimated savings of 
between 2% and 5% (average 3.5%) 1131. It should be noted 
that thii is lower than the savings predicted by Lovins and Nadel 
just for electrical tuneup measures. 

The measures presented in Table 1 can be broken down into those 
that directly affect the motors such as voltage reduction, those 
that directly affect the drive system such as using synchronous 
belts, those that affect the end use such as compressor controls 
and cleaning of W A C  coils, and those that are "group" mea- 
sures, reflecting the result of an O&M program. When broken 
down in this fashion, the impact of measures in the first three 
categories have an interactive, not an additive effect. 

, 

For example, a 20% savings .in an air compressor's energy 
consumption due to the installation of a fast controller results in 
the compressor system using 80% of its original usage. If cogged 
v-belts are then used on this compressor and the savings is 2.7%, 
it is applied to the new energy consumption (80% of original) so 
that the compressor uses 77.8% of its original load (80% x 
[loo% - 2.7961). Applying correct voltage to the above motor 
might result in an additional 3.3 % savings so that the compressor 
would finally use 75.2% (77.8% x [loo% - 3.3%]) of its original 
energy consumption, not the 74% predicted by adding $e savings 
independently (100% - [20% + 2.7% + 3.311). Therefore 
savings estimates from interactive measures should not simply be 
totaled. 

It is necessary to break the energy conservation measures into 
these categories to understand their cumulative effect and 
calculate the actual energy savings possible through an O&M 
program. With the "grouped" categories, such as an overall 
energy management program, experimental results are typically 
compiled from individual case studies and, without knowing the 
individual measures applied. in each study, they are difficult to 
use as a reference for potential energy savings in other applica- 
tions. They do have the advantage that if they are representative 
of an industry, the measured energy savings already takes into 
account the cumulative effects illustrated above. 

It is significant that the electric energy end-use categories listed 
in Table 1 are almost all motor-related. Motors account for 72% 
of the industrial electric energy consumption nationally and 64% 
in the Pacific Northwest. Of the individual O&M measures 
listed, repair of leaks in compressed air systems, installation of 
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lead/lag controls on compressors in multiple cornpressor systems, 
and general electrical system tuneup for motors appear to have 
the largest savings potential. The fact that two of these focus on 
compressed-air systems illustrates the importance of compressed- 
air management programs. 

Complete O&M programs can save a significant amount of the 
total energy consumption in a facility. The reported savings for 
school buildings suggests that energy savings can be upwards of 
30% [3]. Although application of this percentage to industry, 
where more of the energy use is in heavy mechanical equipment, 
may be questionable, it does suggest what is possible. EPRI 
suggests that for mechanical equipment of all types, a savings of 
10% to 15% can be expected from O&M procedures alone 1131. 
Because most mechanical equipment in industry is driven by 
motors, this represents a savings potential of 4,715 million 
kWh/yr in-the Pacific Northwest and 72,600 million k W y r  in 
the United States. Because proper O&M also results in longer 
equipment life, better product output, and improved quality, 
energy savings can often be achieved at a zero or negative total 
cost to industry. Accounting for non-energy benefits of O&M is 
important to the overall economic evaluation of this potential 
resource. 

Energy Analysis and Diagnostic Center Database Review 
TheEnergy Analysis and Diagnostic Center (EADC) program has 
offered no-cost energy conservation audits to industrial plants 
since 1976. A database of detailed plant and audit information 
has been maintained since 1980. The database currently resides 
at Rutgers University [18]. PNL acquired a copy of the database 
in support of thii analysis. 

EADC Backmound: EADC is a projgam funded through the 
U.S. Department of Energy (DOE). The EADC performs energy 
surveys of small- to medium-sized manufacturing plants. The 
program began in 1976 with four universities acting as centers. 
The program has since expanded to 22 centers, with plans to 
expand to 40 by 1998 [19J 

To be accepted as an EADC client, manufacturing plants must 
meet certain criteria, including 1) annual energy bills less than 
$1.75 million, 2) annual gross sales less than $75 million at the 
plant site, 3) between 50 to 500 employees at the plant site, 4) no 
on-site energy manager, 5) located within 150 miles of an EADC, 
and 6) a SIC code between 20 and 39 1191. 

These audits generally consist of o n e  to twoday site visits by an 
EADC team. After the on-site visit, the EADC generates a 
technical report for the client. The report contains a detailed 
plant and manufacturingprocess description, a list identifying the 
major energy consuming equipment, a historical survey of plant 
energy consumption, and a detailed analysis of cost-effective 
energy conservation opportunities. Approximately one year after 
the report is complete, the client is contacted to participate in an 
implementation survey. This information is then added to the 
EADC database. 

Database Descriution: The database contains information from 
over 2,400 audits conducted from 1980 to 1990 from 16 EADCs 
and includes data on over 15,600 specific energy conservation 



recommendations. The energy conservation measures in the 
database are identified by codes from the Directory of Industrial 
Energy Consemation Opportunities (DIECO). DIECO is a listing 
of standard industrial efficiency measures developed by the 
University City Sciences Center in Philadelphia, Pennsylvania. 
PNL, with assistance from the TAC, reviewed the DIECO list 
and classified 80 DIECOs as electric O&M energy-saving 
measures under our working definition of O&M, these are 
identified in Table 2. The EADC database contains over 5,500 
records (over 35%) pertaining to electric O&M measures. 

The information in the database is available by twodigit and 
fourdigit SIC. The analysis for this study was performed using 
the twodigit SIC data to increase representative sample sizes. 

Advantages and Limitations of the Database: The EADC 
database has several advantages and limitations as it pertains to 
thii analysis. The most important advantage is that the EADC 
database is reported to be the only database consisting of a full 
range of DSM measures based on actual energy audits. The 
database also contains a large sample from several geographic 
locations and includes all but one industry group, SIC 21 
(Tobacco Manufacturers). The database also contains consider- 
able information on the facility, facility energy consumption, and 
fuel types, as well as the individual DIECO information, includ- 
ing implementation data. 

There are, however, some limitations to *e database. The most 
important of these is the client base itself, small- to medium-sized 
plants. Translation of the EADC results to large facilities, as is 
done in this analysis, will likely introduce some error. Larger 
facilities, while fewer in number, consumethe majority of energy 
withii the manufacturing sector. Larger facilitia are commonly 
assumed to be more efficient because they have improved control 
over their energy consumption. If thii is the case, application of 
the EADC database to larger facilities may tend to overestimate 
the potential energy savings. This, hypothesis, however, has not 
been tested. 

Some industries are better represented in the databasethan others. 
There are few audits in SIC 29 (Petroleum Refining and Related 
Industries) and SIC 31 (Leather and Leather Products). In the 
case of SIC 31, there may be few plants withim the operational 
limits of the EADCs or a small population in general. Therefore, 
the sample size may st i l l  be acceptable. With SIC 29, the small 
sample size is probably attributed to the limitations of the EADC, 
which limits it to small- to medium-sized plants that can be 
adequately covered in a one to twoday site visit. With the 
sample size a small percentage of the industrial population, the 
statistical significance of the data is reduced. 

Another limitation of the database is that while the database 
includes data for several fuels, including electricity, it does not 
contain data on electric demand. In addition, although the 
database is based on actual energy audits, energy savings are 
based on engineering estimates, not metered data. Finally, the 
baseline energy consumption ,in the database is for the entire 
plant, not for end use. 
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Database Analysis: Potential energy savings is the most impor- 
tant information that can be derived from the database. The 
database was analyzed to determine the average energy savings 
for each DIECO within each industry twodigit SIC as a percent- 
age of the plant’s total electricity consumption. Although some 
DIECOs do stand out as large energy savers, not all DIECOs are 
applicable in all plants. 

For a recommendation to be made and included in an EADC 
report and, therefore, in the database, it must 1) be applicable to 
the plant, 2) not already exist, and 3) be cost-effective for the 
plant. Assuming that the EADC attempts to be as thorough and 
complete as possible, by dividing the number of recommendations 
in each category (DIECO and SIC) by the total number of audits 
performed for each SIC category, a frequency results. This is an 
estimate of the percentage of times, or frequency, a DIECO is 
found to be applicable and cost-effective to an industry category. 
This information illustrates that certain DIECOs stand out as 
being the most frequently identified and recommendedthroughout 
industry. 

Although some DIECOs do stand out as large energy savers, as 
noted earlier, not all DIECOs are applicable to all plants. 
Multiplying the frequencies with the percentage energy savings 
provides an estimate of the electric O&M energy conservation 
potential as a percentage of total industrial electric energy 
consumption. For example, if a specific energy measure saves 
an average 8% of a plant’s electric energy consumption within a 
specific industry category and is applicable only 25% of the time 

. ( l  in 4 plants within that industry category), then the overall 
potential energy savings to that industry category is only 2% (8% 
x 25%). The result is an estimate of the electric O&M energy 
conservation potential as a percentage of total industrial electric 
energy consumption. This information is illustrated in Figure 1. 
Figure 2 illustraki this information averaged across all industry 
for each DIECO. As illustrated in Figure 2, certain DIECOs 
have more significant potential energy savings than others. 
Figure 3 illustrates the electric O&M energy conservation 
potential for industry as a percentage of the total electric energy 
consumption for each twodigit SIC. 

The databasealso includes implementation data. This information 
is based dn those recommendations implemented or scheduled for 
implementation, not the entire database. The implementation 
data, however, are st i l l  typically based on calculated estimates, 
not necessarily actual costs. The implementation data can be 
used to examine potential market penetration withii the various 
SICs. Implementation rates, however, were not performed for 
thii analysis, because the objective of thii analysis is to identify 
the potential energy savings. 

Auulication of the Results: Applying the potential energy-savings 
estimate to national industrial electric energy consumption results 
in an estimate of the national electric O&M energy conservation 
potential illustrated in Figure 4. The spikes shown in Figure 4 
indicate significant potential for energy savings for certain 
DIECOs and SICS. Figure 5 illustrates the national electric 
O&M energy conservation potential for the various DIECOs 
totaled across all manufacturing industries. Here it is evident that 
a few DIECOs account for the majority of the total potential 
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HGURE 1. SUMMARY OF ENERGYSAVINGS POTENTIAL 
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energy conservation that can be acGeved through O&M tech- 
niques, Figure 6 illustrates the national electric O&M energy 
conservation potential for the various manufacturing industry 
SICS totalled for all DIECOs. In this figure, three industry 
categories stand out: SIC 28 (Chemicals and Allied Products), 
SIC 33 (Primary Metals Industry, and SIC 26 (Paper and Allied 
Products). This is no major revelation bedause these industries 
are the most significant energy consumers (a small percentage of 
a large number is still a large number). A bit of trepidation 
should be used, however, in interpreting this information. The 
total potential may be overestimated becauseof the limitations to 
the EADC data described earlier. 

The O&M energy conservation potential illustrated in Figure 1 
can also be applied to industrial electric energy consumption 
estimates for any utility or region. Estimates for the Pacific 
Northwest, also identified in this paper, were accomplished using 
regional industrial energy consumption piovided by the Pacific 
Northwest Power Planning Council. 

The DIECO list used in this analysis can be grouped into larger 
categories of end-use equipment as shown in Table 2. This 
analysis indicates that the largest source of electric O&M energy- 
savings potential exists with air compressors and compressed-air 
systems, followed by motors and motor drive systems, lighting, 
WAC,  and controls. 

CONCLUSION 
The results of this analysis identify a significant electric resource 
potential available through O&M activities both for the Pacific 
Northwest and throughout the United States. The overall 
potential in the Pacific Northwest identified in this study ranges 
from a low of 4,903 million kWh/yr, from the EADC database 
analysis shown in Table 2, to as much as 7,414 million kWh/yr, 
from the general literature review shown in Table 1 [13]. 

The equipment category with the largest energy-savings potential 
identified through the analysis of the EADC database is air 
compressors and compressed-air systems, followed closely by 
motors and motor drive systems. Table 2 identifies the energy- 
savings potential derived from the EADC database by major end- 
use category. The specific O&M measure with the largest 
potential is repairing leaks in compressed-air lines (DIECO 
3231). The ten industrialO&M measureswith the largest electric 
energy-savings potential h m  the EADC database are identified 
in Table 3. 

Overall, the results from the EADC database analysis (Table 2) 
are not always consistent with the results from the general 
literature review (Table 1). The reasons for the inconsistency can 
be only speculative but probably reflect the quality of information 
available, as well as how the authors (including this author) are 
applying the information. Regardless of the consistency of the 
estimated savings, the information identified in thii paper can still 
be used to identify and prioritize O&M energy measures that 
could be incorporated into future industrial energy programs, as 
well as utility-sponsored industrial DSM programs. 

' 
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TABLE 2. INDUSTRIAJL O&M ELECTRIC ENERGY DIECOS AND POTENTIAL SAVINGS BY EQUIPMENT CATEGORY 

DIECO DIECO Description 
Air Compressors and Compressed-Air Systems: 

3231 Eliminate leaks in lines and valves carrying compressed air or other gases 
3221 Install compressor air intake in coolest location 
3211 Reduce the pressure of compressed-air system to the minimum required 
3213 Reduce use of compressed air to minimuduse smaller compressor 
3232 Remove or close off unneeded compressed-air lines to eliminate leaks 
3243 Install, clean or replace compressor air filters regularly 

Subtotal 

Motors and Motor Drive Systems: 
5122 Improve lubrication practices for motor driven equipment 
5355 Use energy-efficient belts and other improved mechanisms 
4321 Upgrade or repair and maintain conveyers 
41 13 Turn off conveyers when not in use 

Subtotal 

Lighting: 
6121 Install timers or motion sensors on littleused lights or initiate schedule 
6111 Disconnect fixtures, delamp, or use lower output lamps for min. light needed 
6125 Improve reflectance of walls and ceilingsladd fixture reflectorslclean fixtures 
6112 Reduce lighting where natural light is availablelinstall skylights 
6122 Rewire for light shutoff in littleused areas or where. daylight present 
6126 Reduce exterior lighting to minimum safe levels 
6114 Disconnect ballasts 
4222 Overlap custodial work hours with normal day hours 

Subtotal 

HVAC Systems: 
6244 Install or use timers or thermostats for space conditioning 
6241 Keep space temperature lower during heating season, higher during cooling 
6232 Reduce ventilation air to minimum safe levels 
6242 Minimize amas where space is conditioned/isolate cooler areas from warmer 
6231 Reduce outside air for ventilation except with economizerlwycle HVAC 
6247 Establish W A C  equipment maintenance schedules 
6243 Reduce heatinglshut air conditioning manually when building is unoccupied 
6213 Seal unnecessary dampers, flues, louvers, and other wall and roof openings 
6214 Install weather stripping on loosefitting windows and doors 
6215 
6238 
621 1 
6236 
6212 
6312 
6245 
3342 
5525 
6237 
6273 
6249 
6246 
6272 

Install door seals, piastic strip doors or air curtains at loading docks 
Centralize control of exhaust fans to ensure shutdown or establish program 
Close doors, windows and loading doors in spaceconditioned areas 
Clean or replace air filters regularly 
Repair or replace broken windows, sashes, doors, etc./plug cracks 
Clean or repair air conditioning refrigerant condensers 
Separate controls of air handlers from controls of A/C and heating 
Operate cooling towers at constant outlet temperature to avoid sub-cooling 
Isolate hot/cold equipment from manufacturing areas to minimize HVAC 
Replace high-resistance grills, ducts, etc., with properly sized fittings 
Modify air conditioning system to enable air compressor to operate at lower 
Use water sparingly on air conditioning exchanger to improve heat transfer 
Close outdoor air dampers during warmup or cooldown periods 
Shut steam or hot water lines to spaceheating units during mild weather 

Subtotal 
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Potential Electricitv Savings DIECO Average 
United States PNW Frequency Savings 

Jmillion kwhlyr) (million kwhlvr) (I) J% of Plant) 

21,114.7 1,040.46 30.71 9.19 
4,390.9 190.97 27.55 1.82 
3,213.3 175.13 11.11 4.35 
1,805.2 62.73 2.97 6.10 

81.9 9.32 0.53 4.01 
120.5. 3 -76 1.76 2.57 

30,726.5 1,482.37 

10,873.9 
9,399.1 

146.8 
275.7 

20,695.4 

5,102.0 
6,13 1.4 
2,217.7 
2,567.1 
1,404.2 

255.8 
56.3 
5.9 

17,740.4 

4,229.9 
2,001.8 
1,095.1 

828.4 
994.1 
368.1 
376.7 
136.7 
184.9 
238.5 
111.1 
85.0 
32.9 
70.0 
75.5 
91.6 
29.8 
51.6 
24.3 
14.2 
19.5 
1.4 
6.0 

11,066.8 
- 

613.34 15.82 
491.69 26.82 

17.34 0.76 
7.26 0.97 

1,129.63 

253.62 12.47 
248.16 9.98 
120.83 3.09 
113.56 4.24 
62.31 2.89 
13.36 1.76 
1.15 1.31 - 0.10 0.33 

813.09 

146.79 12.36 
71.55 3.62 
57.36 3.09 
47.92 1.83 
33.78 1.95 
28.75 1.60 
22.82 1.30 
10.06 1.49 
6.16 2.73 
5.04 
4.15 
2.83 
2.80 
2.73 
2.36 
1.33 
0.95 
0.73 
0.72 
0.34 
0.18 
0.05 
0.04 
449.44 

6.52 
3.69 

17.47 
3.13 

6.43 
12.80 
17.32 
10.48 
9.89 
1.75 
2.80 
5.57 

5.88 
8.10 
7.69 
8.21 
7.41 
6.65 
8.33 
2.94 
3.07 

2.02 7.23 
1.20 4.24 
1.29 3.22 
0.79 1.14 
1.07 2.44 
1.15 2.71 
1.11 8.95 
0.62 5.50 
0.95 4.62 
0.76 1.87 
0.88 8.82 
1.22 8.55 
0.41 0.98 
1.05 10.14 



TABLE 2. (Contd.) 

Potential Electricitv Savings DIECO Average 
Unitedstates . PNW Frequency Savings 

D E 0  D E 0  Description (million kwhlvr) (million kwhlvr) (%) f% of Plant) 
_ _ _ _ ~ ~ ~  

Eguipment Scheduling and Control Svstems: 
41 12 Reduce operating time of equipment to the minimum r e q u i r e d / d  timers 
411 1 Shut down equipment when not in use or set back its temperature 
4131 Reduce temperature or power requirement of process equipment on standby 
4132 Minimize operation of equipment required to be kept in standby condition 
4115 Install controls to operate equipment only when loaded 

Subtotal 

Insulation: 
551 1 Insulate tanks, vessels, lines, and process equipment 
5514 Cover and seal open tanks 
533 1 Use optimum refrigerator thickness insulation for low temperatures 
5512 Increase or repair insulation thickness or process tanks, vessels, lines 
6255 Install or upgrade insulation on W A C  distribution systems (pipes, ducts, etc.) 

. 

Subtotal 

Ventilation Systems: 
5521 Use minimum necessary ventilation for process purposes 
5123 Adjust or modify vents on process equipment to minimize energy usage 

Subtotal 

Refrigeration Systems: 
5336 Modify refrigeration system to enable compressor to operate at low pressure 
5335 Use highest acceptable temperature for process chilling or cold storage 
5333 Reduce infiltration to refrigerated areaslisolated hot process equipment 
5338 Eliminate or reduce frost formation on refigerator evaporators 
5339 Minimize the temperature of refrigeration condenser cooling water 

Subtotal 

Other Miscellaneous Opportunities: 
4121 Use most efficient equipment at its maximum capacity 
4122 Schedule to run equipment with full loadsluse batch-type drying ovens 
5214 Reduce flow rate of process fluids (e.g., drying air) 
5341 Reduce temperature of service or domestic hot water 
4141 Locate causes of demand charges and reschedule operations to avoid peak 
5121 Establish equipment maintenance schedule or make necessary repairs 
4312 Evaluate energy use in packaging processlchangeto reduce energy intensity 
5222 Use small number of high-output units vs. many small inefficient units 
63 13 Use water coolers and vending machines efficiently 
5218 Use optimum temperature for hot processes - washing, drying, forming, etc. 
3351 Eliminate leaks in water lines, valves, storage tanks, and process equip. 
33 11 Use minimum water for processes: cooling, washing, etc. 
3121 De-energize excess transformer capacity to avoid utility charges 
3 141 Reduce load on electric conductors to reduce heat losses 
53 11 Use minimum safe oven ventilation 
4125 Schedule baking times of small and large components to mhimize energy use 
3312 Shut off cooling water when not required 
4142 Recharge batteries (fork trucks, etc.) during off-peak demand periods 
5221 Conved.from batch to continuous operation 
5224 Reduce scrap production 
3352 Remove or close off unneeded water lines to avoid potential leakslfreezing 
5213 Avoid cooling process streams that subsequently must be heateil, etc. 

Subtotal 

Total 
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5,975.8 
3,013.7 
769.5 
216.9 
69.0 

10,044.9 

4,681.6 
379.4 
257.8 
146.5 
5.1 

5,470.3 

1,167.7 
55.0 

1,222.7 

1,589.9 
168.7 
114.7 
31.6 
2.9 

1,907.7 

1,661.3 
536.2 
247.9 
518.4 
600.9 
288.9 
83.3 
134.9 
34.1 
9i.i 
41.5 
43.3 
84.9 
51.6 
76.3 
22.3 
25.8 
4.9 
2.4 
2.9 
0.7 
0.4 

4,554.0 

103,428.8 

278.81 
108.87 
22.55 
13.39 

43 1.35 
7.73 

166.35 
7.94 
6.30 
2.56 

0.08 
183.23 

121.28 

124.64 
3.36 

65.69 
6.15 
5.13 
1.43 

78.47 
0.07 

58.84 
3 6.79 
33.85 
26.63 
19.21 
9.93 
9.35 
2.98 
2.96 
2.96 
1.54 
1.41 
1.34 
0.99 
0.82 
0.69 
0.59 

. 0.13 
0.11 
0.05 
0.02 

0.01 
211.20 

4,903.42 

12.04 
3.57 
1.06 
1.83 
0.59 

10.59 
1.99 
1.96 
1.39 
1.24 

2.48 
1.12 

3.24 
1.06 
2.56 
0.33 
0.88 

2.22 
1.56 
1.07 
5.18 
9.00 
1.16 
0.91 
0.55 
0.89 
1.19 
0.69 
0.65 
1.20 
0.78 
1.19 
0.56 
0.65 
1.57 
0.33 
0.71 
0.43 
0.43 

7.41 
8.98 
17.67 
5.46 
5.26 

6.53 
7.36 
3.26 
8.68 
0.62 

10.17 
4.48 

9.33 
6.81 
1.85 
16.85 
1.80 

10.77 
12.64 
11.49 
2.02 
1.13 
6.38 
8.41 
16.86 
1.98 
4.91 
2.89 
6.88 
4.61 
8.99 
7.68 
7.38 
8.27 
0.34 
1.26 
1.23 
0.46 
0.29 

I 



TABLE 3. TOP TEN INDUSTRIAL O&M ELECTRIC MEASURES FROM' THE EADC DATABASE ANALYSIS 

Potential Electricity Savings 
United States PNW - 

D E 0  DIECO Description (million kwhlvr) lmillion kwhlvr) 

3231 
5122 
5355 
6111 
4112 
6121 
5511 
3221 
6244 
3211 

Eliminate leaks in l i e s  and valves carrying compressed air and other gases 
Improve lubrication practices for motor-driven equipment 
Use energy-efficient belts and other improved mechanisms 
Disconnect lighting fiutures, delamp, or use lower output lamps for min. light 
Reduce operating time of equipment to the minimum tequiredlinstall timers 
Install timers or motion sensors on little-used lights or initiate schedule 
Insultate tanks, vessels, lines, and process equipment 
Install compressor air intake in coolest location 
Install or use timers or thermostats for space conditioning 
Reduce the pressure of compressed-air system to the minimum required 

1141 BattelleColumbus Division @MI). 1986. Industrial End- 
Use Planning MethoaWogy - ( A D E m ) :  Demonstration of 
Design, Interim Report. EPRI EM-4988, Vol. 3, Project 2217-1, 
Interim Report, Electrical Power Research Institute, -Palo Alto, 
California. 

[la ResourceDynamics Corporation. 1992a. Electrotechnology 
Reference Guide, Revision 2. EPRI TR-101021, Project 2613- 
10, Electrical Power Research Institute, Palo Alto, California. 

[16J Resource Dynamics Corporation. 1992b. Electric Motors: 
Markets, Trends, and Applications. EPRI TR-100423, 
Project 2613-10, Electrical Power Research Institute, Palo Alto, 
California. 

21,114.7 
10,873.9 
9,399.1 

needed 6,13 1.4 
5,975.8 
5,102.0 
4,681.6 
4,390.9 
4,229.9 
3,213.3 

[17J Resource Dynamics Corporation and Battelle - Columbus 
Division, 1988. TAG: Technical Assessment Guide, Volume 2: 
Electricity End-Use, Part 3: Industrial Electricity Use-1987. 
EPRI P-4463SR, Electrical Power Research Institute, Palo Alto, 
California. 

1181 McHugh, J.R., and C.B. Wmn. 1992. User's Manual for 
n e  Energy Conservation CD-ROM. Colorado State University, 
Fort Collins, Colorado. 

1191 Glasser, C. 1992. "Industrial Energy Audi$ng: An 
Opportunity for Improving Energy Efficiency and Industrial 
Competitiveness." In Proceedings of the Fourteenth National 
Industrial Energy Technology Conference, pp. 26-30. April 22- 
23, 1992, Houston. Texas A&M University, College Station, 
Texas. 
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1,040.46 
613.34 
491.69 
248.16 
278.81 
253.62 
166.35 
190.97 
146.79 
175.13 


