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Conversion Table 
To convert from 

Btu (British thermal unit) 

cfm 
(cubk feet per minute) 

oF (degree Fahrenheit) 

It (foot) 

If (square feet) 

ft3 (cubicfeet) 

gal (gallon) 

gpm 
(gallon per minute) 

hp (ho15e power) 

in (inch) 

lb (pound) 

psi 
(pounds per square inch) 

ton 
(short, 2,000 lb) 

To Muhiply by 

kWh (kilowatt hour) 2.928 X 10"4 

m3js 4.719x1o·4 

(cubic meter per second) 

oc (degree Celsius) (01'-32)/1.8 

m (meter) 3.048 x 10·1 

m1 (square meter) 9.290 X J0"1 

m3 (cubic meter) 2.831 X 10"1 

m3 (cubic meter) 3.785 x 1 o·3 

m3js 6.309 x 10·5 

(cubic meter per second) 

w (wott) 7.460 X 101 

m (meter) 2.540 X 10"1 

kg (kilogmm) 4.536 X 10·l 

Po (pascal) 6.895 X 103 

kg (kilogmm) 9.072 X 101
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• FOREWORD
In previous years of low-cost energy, mony demand-side management 
(DSMJ technologies simp� were not cost-effective. TodoYt however, with 
rising energy prices ond the mondote to conserve , utility DSM progmms 
ond advanced energy-efficient technologies offer utilities significant 
opportunity for economic means to reduce operating costs ond shift or 
defer lood growth. Furthermore, recent developments in DSM technol­
ogies hove improved energy quality ond reduced customer mainte­
nance costs. 

This series of guidebooks is intended os o tool for utility personnel 
involved in DSM programs ond services. Both the novice ond the DSM 
expert con benefit from the informotion compiled. 
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PREFACE TO THE 
DSM POCKET GUIDEBOOK 

• INTRODUCTION
It has been estimated that � electricity were used mare efficiently with 
currently available end-i!se technologies, 24%-44% of the nation� 
current demand for electricity could be eliminated. Almost all major 
electric utilities in the West are investigating such DSM opportunifies. 
Even util�ies that currently have excess capacity are finding that DSM 
offers an opportunity to build end-use stock to help them meet their 
future load shape objectives. 

Utility DSM programs typically consist of several measures designed to 
mod� the utility's load shape (for example, innovative rate structures, 
direct utility control of loads, promotion of energy-efficient technolo­
gies, and consumer education). The coordinated implementation of 
such measures requires planning, ana�sis of options, engineering, 
marketing, mon�oring, and other coordinated activities. This guide­
book addresses one facet of an overall DSM progrom: selection of 
end-i!se technologies within the electrical utdnies . 

• TECHNOLOGY SELECTION
All facets of a utility's DSM program, including technology selection, 
must be planned with the utility's overall objectives in mind. Selected 
technologies must make the utility better able to serve its customers 
by providing low-cost, reliable power. Yet the utility must also be able 
to recover its fixed and operating costs. In practice, this usually means 
that the technology must provide the same or expanded cost-effective 
energy service to the customer while also smoothing out the utility's 
lood curve and delaying the need for additional power plants. This 
guidebook directly addresses these requirements by estimating the 
simple payback (to the end user) for energy-efficient end-use technol­
ogies and their imparts on the utility's load curve. 

A number of add�ional factors must be considered in technology 
selection. Primary among these are customer acceptance of different 
end-use technologies, the type of marketing effort required to promote 
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each, and the potential impact on the utility's revenues. These are not 
addressed in this guidebook . 

• INTENDED AUDIENCE
This guidebook is intended to be a quick reference source both for utility 
field representatives in their customer interactions and for utility 
planners in the early stages of developing a DSM program. It is 
designed to allow a quick screening of commercially available electrk 
end-use technologies for the industrial sector. 

This guidebook is directed primarily at small municipal utilities and 
rural electric cooperatives within the Western Area Power Administra­
tion (Western) service area (see Agure P-1 ). Large utilities with more 
abundant resources may find the guidebook useful as only a starling 
point. Their technology selection process will undoubtedly also include 
review of ather source documents and detailed system and engineering 
analyses of the options. 

• METHODOLOGYroATA 
This guidebook contains two major sections. The first section describes 
DSM technologies. The second section provides sources for more in for­
motion on DSM options for each (two-digit) standard industrial classi­
fication. In Section 1, for each technology the guidebook presents a 
short, numbered technology brief-text that describes the option, its 
relevant applications, and its potential impact on the utility's load 
duration curve. Each brief also includes a summary table (usually not 
specifically referred to by number) with quantitative estimates of initial 
costs, energy savings, and simple payback to the customer. 

The data for the briefs on heating systems, cooling systems, boilers, air 
compressors, insulation, and electrkal usage shifting and controk were 
provided by Colorado State University (C5U) from the national Energy 
Analysis and Diagnostic Centers (EADC) data base. CSU is one of 22 
EADCs funded by the U.S. Department of Energy to conduct energy 
audits in manufacturing and industrial facilities. A listing of all EADCs 
is found in Appendix A. Each EADC provides services in a unique 
geographic region. CSU audits and makes recommendations for small 
manufacturing faa1ities in Colorado, Wyoming, and Nebraska that 
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meet the following criteria: (1 ) 500 employees or fewer; (2) gross soles 
not to exceed $75 mdkon per year; (3) energy bilk not to exceed $1.75
mdlion per year; and ( 4) no in-house energy engineer. Two other EADCs 
in Western's service territory ore located ot the University of Kansas 
and Texas A&M University. The costs in the EADC doto bose ore in 1992 
dollars. The doto bose contains reports from 2423 sites that were 
audited by on EADC and that implemented some of the recommended 
measures. The repOrts were submitted by the companies following
implementation of the measures. The retrofit costs represent on over­
age of actual installed costs. The energy cost savings represent on
overage of actual cost savings bused on local llh1ity rates. For measures 
that sove electricity, the savings ore expressed in kWh. For measures 
saving gus, the savings ore presented in MMBtu. The EADC doto is 
footnoted regarding frequency of implementation. The frequency re­
fers to the number of times the measure was implemented divided by 
the number of times the measure was recommended. No monitoring 
of energy cost savings has been done under the EADC programs. The
energy savings reported ore often bused on the estimated energy 
savings that the EADC provided to the client following the audit but may 
also be bused on actual utility bills. 

For measures on solor energy and process waste heat, cost and energy 
savings were token from existing literature, including documentation 
of completed llh1ity DSM programs, field studies and experiments, 
manufacturers' doto, loborotory experiments, and computer simula­
tion and analysis. The sources used varied, depending primori� on the 
ovoilabitlfy of doto and the complexity of the technology. The dollar 
savings were calculated bused on o nationwide overage rote of 
$0.05/kWh for the industrial sector. 

Unlike the first three volumes, the industrial volume includes electric 
and nonelectric measures. The nonelectric measures ore included in the 
guidebook in the interest of making the guidebook more complete. 
Most manufacturing plants hove ot least one boiler, and there ore mony 
opportunities to reduce energy consumption of boders. A goal in 
preparing this guidebook is to help utility customers save energy; 
therefore, these measures hove been included. 
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The purpose of Sedion 2 is to provide concise information on the 
leading DSM options in each (two digit) standard industrial classification 
and dired the reader to reports and trade associations that con provide 
more information on DSM technologies in specific industries. The section 
includes a screening matrix that indicates which technologies hove 
widespread application in each industry. 

Because of the condensed nature of this guidebook and our desire to 
keep it simple, we hove provided only limited references for the source
materials and computations. The guidebook is not intended to substi­
Me for a detailed ono�sis, but rather to point the reader toward those 
technologies most likely to benefit both the end user and the utility. For 
more detoik, the reader should consult the references (in sections titled 
For More Information) at the end of each bri�f. 
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Figure P-1 .  Western Area Power 
Administration area map 
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• DATA VARIABILITY AND UNCERTAINTY
A problem with guidebooks like this is that the doto con, ot best, present 
only o simple overview of each technology. Yet hundreds of volumes 
hove been written describing the application-of these technologies. 
Consequent�, the cost ond performance estimates presented here 
should be used with o clear understanding of the sources of variability 
ond uncertainty. 

Performance varies with climate ond with the technology's design ond 
configuration, the system within which it is applied, ond the woy it is 
used. Cost varies with the quality or brand of on individual component, 
the size of the retrofit, the existing conditions found of the site, the 
quantity ordered (e.g., cost per lamp for o major commercial lighting 
retrofit will be less than the retail purchase price of o single lamp), 
ond/ or the time of purchase (inflation ond technological improvements 
change costs over time). When dealing with retrofits ond the variation 
found in unique manufacturing facilities, very few, if ony, rules of 
thumb about costing opp�. 

Similarly, there ore significant sources of uncertainty in the perfor­
mance doto. As previously mentioned, the sovings ore based on 
estimated sovings ond hove not, in oil cases, been verified through 
performance monitoring. 

The EADC doto bose represents the most comprehensive source of 
existing doto on industrial retrofits. For the other measures, we hove 
identified the best sources of doto we could find ond allowed for 
numerous peer reviews of the information. 

We ore more confident of some of the results than we ore of others. 
Thus, for many technologies, we hove included o rough measure (high, 
medium, low) of our confidence ond the extent of the doto variability 
ond uncertainty. We expect that future revisions of this guidebook will 
provide the opportunity to reduce some of these uncertainties. 
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• ORGANIZATION AND USE OF THE
. ]GUIDEBOOK 

The guidebook series consists of five pocket-sized volumes. The first 
volume considers end-use technologies for the residential sector. The 
second volume includes technologies for the commercial sector, as well 
as motors and variable-speed drives applicable to the commercial, 
industrial, and agricultural sectors. The third volume discusses energy­
efficient technologies for the agricuhurol sector, with an emphasis on 
the central and western United States. The fifth volume addresses 
renewable resources for utility supply-side power generation and 
buildings application. 

A number of technologies presented in this guidebook series app� to 
more than one end-use sector. Where applicable, cross references ore 
provided in the briefs. 

Technologies that may be of interest to the industrial sector, but 
appearing in other volumes, ore summarized in Table P-1. Note that 
motors and lighting were extensive� addressed in the commercial 
volume and therefore ore not addressed in this volume other than in 
the brief sections Motors-Update to Motors Briefs in OSM Pocket 
Guidebook, Volume 2: Commercial Technologies and Ughting-Up­
date to Ughting Briefs in OSM Pocket Guidebook, Volume 2: Commer-
dal Technologies. 

· 
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Table P-1 .  Cross-Sector References 
Technology End-Use Sector/Volume Number 

Residential ·1 Commercial 2 Agriculture 3 Industrial 4 Renewable 5 
Insulation 1,3 • 23-28 
Windows 4,5,6 1 • 
Weatherstripping 7 • • 
Duct leoks 1 5  • • 
Passive solor 8 2 1 5, 1 6  
Heot pumps 9 9 32 1 7  

�. 
Effkient oir conditioners 1 3  8 1 ,2,3.4 
Energy monogement • 10 • 36-38 
Hot woter efficiency 1 7  1 6  7 
Solor hot worer 1 9  • • 33 14  
Fluorescent lomps 21 1 1  * 

Cooking 25 1 8  • 
Swimming pools 26 • 
Motors 1 9·28 • ** 

Air compressors • 1 5-22 • 
* In th� volume, fluorescent lighfing is oddressed in the section called Ughfing-updote to lighfing 8nefs in Volume 2: Commercial Technologies. 
** In th� volume, motors ore oddressed in the secfion coiled Motors-Updote to Motors Bnefs in Volume 2: Commercial Technologies. 



Each number refers to a written brief that describes the technology. A 
solid box (II) indicates that the technology is of interest in the secfor. 

The introduction to the industrial sedor volume contains lwo sets of 
matrices to allow a quick screening of the technologies. One matrix 
addresses poybock values, and the other identifies the most likely 
impod of each technology on the utility loud duration curve-bused 
on the categories identified in Figure P-2. A uh1ity planner who hos 
identified the types of loud changes desired and the appropriate 
end-use secfors con use the matrices to quickly identify candidate
technologies. 
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INDUSTRIAL 

SECTION 1-DSM MEASURES 
INTRODUCTION 

At the national level, industrial energy use accounts for 37% of U.S. 
energy use. At some utilities, the totol industrial shore exceeds SO%. 
Moreover, electricity's shore of energy use in the manufacturing sector 
hos grown from 9% in 1973 to 14% in 1988. There ore numerous 
opportunities to reduce energy consumption without affecting manu­
facturing operations. By reducing energy consumption, ond thereby 
reducing the cost of operations, U.S. manufacturing con become more 
competitive. 

Industrial customers represent on attractive market for utility D SM 
programs because relative� few customers often account for o Iorge 
portion of totol industrial soles. Customized utility DSM programs con 
often poy off significantly even if on� o few Iorge customers con be 
enrolled. 

There ore challenges in working with the industrial sector. Industrial 
loods ore more cyclical thon ony other type of lood.lt is the sector most 
affected by economic cycles because the changes in finol demand for 
customer goods ore magnified by the time they get to intermediate 
goods (the moinstoy of industrial activities). 

Also, industrial plants moy relocate to other service oreos because of 
interplont competition between U.S. regions, or international competi· 
tion between domestic ond foreign producers; industrial customers moy 
decide to cogenerote heot ond power rather thon buy electricity from 
the electricity grid. 

Finol�, in response to worldwide structural changes, the U.S. economy 
is continuing its transition to o post-industrial society. The outlook for
mony U.S. commodities is uncertain in the foce of ropid industrialization 
olong the western Pacific Rim ond in other regions. 



Table 1-1 identi fies technologies that can be used to reduce or shift peak 
load, increase demand during off-peak periods (valley filling), provide 
strategic conservation or load growth, or allow for flexible load man­
agement. Table 1-2 shows the simple payback for the energy-ilfficient 
options evaluated. 

Table 1·1. 
Dem111d·Side Management Strategies: 

Industrial Measures 

P C  V F  LS S C  SG FLS 

COOL ING SYSTEMS 
l. Condenser Woter Tempemture Reset • 

2. Chilled Water Supply Tempemture Reset • 

3. Hot-Gas Defrost • 

4. Two-speed Motors on Cooling Tower Fan • 

HEAT ING SYSTEMS 
5. Destmlificoffon Fans • 

6. Comfort Radiant Heating Systems • 

7. Process Radiant Heating Systems • 

8. Quartz Radiant Heating Systems • 

BO ILERS 
9. Combustion Air Blowers Variable-Frequency 

·Drives • 

10. Air/Fuel Raffo Reset • 

11. Turbulators • 

12. High-Pressure Condensate Return Systems • 

13. Steam Tmp Repair • 

14. Steam leak Repair • 

A I R  COMP RESSORS 
15. Outside Air Usage • • 

16. leakage Reduction • • 

17. Cooling Woter Heat Recovery • 

18. Waste Heat Recovery • 

19. Pressure Reduction • • 
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PC VF LS S C  SG FLS 

20. Screw Compressor Conlro� • 

21. Compressor Replacement • • 

2 2. low-Pressure Blowers • • 

INSULAT ION 
23. Steam lines and Hot Water Pipes • 

24. Chilled Water Pipes • 

25. Hot Tonks • 

26. Cold Tonks • 

27. Injection Mold Barrels • 

28. Dock Doors • 

INDUST RIAL P RO CESS HEAT RECOVERY 
29. Industrial Process Heat Exchangers • • 

30. Waste Heat Recovery Boilers • • 

31. Cogeneroffon • 

32. Industrial Process Heat Pumps • • 

SOLA R ENERGY 
33. Solar Industrial Process Heaffng • • 

34. Once-Through Solar Heated
Venffloffon and Process Air • 

35. Solar Photocatalytic Water Detoxificoffon • 

El,EORI C USE S H IFnNG AND CONT ROLS 
36. Demond Controls • • • 

37. Interruptible and Curtoiloble Service • • 

38. Power Foetor • 

PC= peak dipping; VF =volley filling; lS =load shi!Hng; SC = stroregic conservo· 
lion; SG = Slroregic growth; FLS =flexible load shape 
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Table 1·2. 
Payback1 for Dem111d·Side Management Strategies: 

Industrial Measures 

No. of Years 
2 2-5 6-10 10 

COOLING SYSTEMS 
l. Condenser Woter Temperoture Reset • 

2. Chilled Water Supply )emperature Reset • 

3. Hot-Gos Defrost • 

4. Twcrspeed Motors on Cooling Tower Fon • 

HEAT ING SYSTEMS 
5. Destratificofion Fons • 

6. Comfort Rodiont Hoofing Systems • 

7. Process Rodiont Heofing Systems • 

8. Quortz Rodiont Heofing Systems • 

BOILE RS 
9. Combustion Air Blowers

Vorioble-Frequency Drives • 

10. Air Fuel Rofio Reset • 

1 1. Turbulotors • 

12. High-Pressure Condensate Return Systems • 

13. Steom Trop Repoir • 

14 .. Steom leok Repoir • 

A I R  COM P RESSORS 
15. Outside Air Usoge • 

16. leokoge Reduction • 

17. Cooling Woter Heat Recovery • 

18. Woste Hoot Recovery • 

19. Pressure Reduction • 

20. Screw Compressor Controls • 

21. Compressor Replocement • 

22. Low Pressure Blowers • 
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No. of Yeors 
2 2-5 6-10 10 

INSUlATION 
23. Steom Unes ond Hot Water Pipes • 

24. Chilled Water Pipes • 

25. Hot Tonks • 

26. Cold Tonks • 

27. Injection Mold Barrels • 

28. Dock Doors • 

INDUSTRIAL PROCESS HEAT RECOVERY 
29. Industrial Process Heot Exchangers 
30. Waste Heot Recovery BoileJS • 

31. Cogeneration • 

3 2. Industrial Process Heot Pumps -

SOlAR ENERGY 
33. Solar lndus1Tiol Process Heoling -

34. Once Through Solar Heated Venlilolion
ond Process Air • 

35. Solor Photocotolytic Woter Detoxificolion -

ELEURIC USE SHIFTlNG AND CONTROLS 
36. Demond Controls • 

37. lnterruplible ond Curtoiloble Service • 

38. Power Foetor • 

• The payback fol� in the category indicoted .
... The poybock ful� in the range of lime indkoted. 

1 .  The poybocks shown were determined based on conditions described in the text. 
Poybocks will vory based on dimote, fuel costs, system chorocterislics, implemento­
fun cost by geogrophicol oreo, ond otherfuctms. See the text of the technology 
brief for more infurmotion. 
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I. COOLING SYSTEMS 

For process cooling it is alwoys besHrom the slondpoint of energy 
conservation-to use the lowest fonn of energy first. That is, for a piece 
of equipment or a process that is air cooled, first use outside air (an 
economizer) n the outside air temperatur e is low enough. The next step, 
in appropriate dimates, would be to use direct evaporative cooling. This 
is a process in which air passing through water drople1s (a swamp cooler) 
is cooled, as energy from the air is released through evaporation of the 
water. Evaporative cooling is somewhat mare energy intensive than the 
economizer but s1ill provides some relative� inexpensive cooling. The 
increase in energy use is due to the need to pump water. 

Indirect evaporative cooling is the next step up in energy use. Air in a 
heat exchanger is cooled by a second stream of air or water that has 
been evaporatively cooled, such as by a cooling tower and con. Indirect 
evaporative cooling may be effective if the wet-bulb ternpera!IKe is fuir� 
low. Indirect evaporative cooling involves both a cooling tower and 
swamp cooler , so mar e energy will be used than for the economizer and 
evapor ative cooling systems because of the pumps and funs associated 
with the cooling tower. However, indirect cooling systems are s1ill less 
energy intensive than systems that use a chiller. The final step wo�d be 
to bring a chiller on line. 

Many plan1s have chillers that provide cooling for various �ant processes. 
Chillers consist of a compressor, an evaporator , an expansion valve, and 
a condenser and are dassified as reciprocating chillers, screw chillers, or 
centrifugal chillers , depending on the type of compressor used. Recipro­
cating chillers are usual� used in smaller systems (up to 25 tons 
[88 kW]) but can be used in systems as large as 800 tons (2800 kW).

Screw chillers are available for the 80 tons to 800 tons range (280 kW 
to 2800 kWl but are normally used in the 200 tons to BOO tons range 
(700 kW to 2800 kW). Centrrugal chillers are available in the 
200 tons to 800 tons range and are also used for very large systems 
(grealerthan 800 tons [2800 kW]). The evaporator is a tube;md-shell 
heat exchanger used to transfer heat to evaporale the refrigerant. The 
expansion valve is usual� some form of regulating valve (such as a 
pressure, lemperature, or liquid-level regulator), according to the type 
of control used. The condenser is mast oflen a tube-and-shell heat 
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exchanger !hot tmnsfers hoot from the system to the ohnosphere or to 
cooling water. 

This section contains infonnofton pertaining to cooling systems, portictr 
lady chiller systems. Refer to Brief #4, "Ou15ide Air Economizers," 
Brief #5, "Evopomftve Cooling," Brief #6, "Cool Stomge," ond 
Brief #7, "Hoot Recovery from Chillers" in DSM Pocket Guidebook, 
Volume 2: Commercial Technologies for infonnofton reloftng to cooling 
systems !hot moy be found in industry. Topics discussed in this secfton 
include condenser woler ond chilled woler temperature reset ot the 
ch�ler, hotiJOS defrost of chiller evopomtor coils, ond the use of 
two-speed motors on cooling tower fans. 
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I N D U S T R I A l  B R I EF # 1 

CONDENSER WATER 
TEMPERATURE RESET 

• DESCRIPTION
The power consumption of any chiller increases as the condensing water 
temperature rises. This is because, as the condenser temperature 
increases, the pressure rise across the compressor increases and, 
consequently, the work done by the compressor increases. Condensing 
water temperature setpoints ore typical� in the range between 65° 
and 85°F, but con be as low as 60°f. In many cases the setpoint 
temperature is in the middle of the range, at about 7 5° F. The efficiency 
of the condensing water system con be increased by decreasing the 
condensing water temperature. A rule of thumb is that there is a 1/2% 
improvement in chiller efficiency for each degree Fahrenheit decrease 
in the setpoint temperoture for the condenser water. The improvement 
tends to be higher near the upper range of setpoint temperatures and 
decreases as the setpoint temperature decreases. The amount of 
allowable decrease in the setpoint temperature must be detennined by 
a detailed engineering analysis that indudes the following: the system 
capacity, minimum requirements for the plant process served by the 
condenser water system, and number of hours per year that the wet 
bulb temperature is below a given value . 

• DEFINITIONS AND TERMS
CONDENSER The unit on the chiller in which heat is transferred out 
of the refrigerant. Cooled condensing water flows over tubes containing 
a vaporized refrigerant in a tube-and-shell heat exchanger. As the 
refrigerant cools, it condenses into a liquid and releases heat to the 
condensing water. 

CONDENSING WATER Water that has been cooled in a cooling tower 
that is used to condense vaporized refrigerant in the condenser. 
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• APPLICABILITY
FACIUTY TYPE Any facility that has o chiller. 

CUMATE All. It is advantageous to reduce the condensing woter 
temperoture in both humid and dry climates. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation . 

• FOR MORE INFORMATION
ASHRAf Handbook, 1988 Equipment, American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, Inc., Atlanta, GA, 1988, 
ch. 17. 

Energy Analysis and Diagnostic Center (EAD(). Refer to Appendix A for 
o complete list of present� operating EADCs. Contort the EADC Center
nearest to your oreo. 
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Table 1-3. Condenser Water Temperature Reset: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options1 ($)2 (kWh/yr) ($/yr)l (yr) (yr) Con6dence4 

Condenser 
Water Supply 255 68,800 3,440 0.1 1 0  
Temp. Reset 

1 .  These doto were taken from the Energy Analysis ond Diognosffc Cen1er (EADO data bose. Systems ranged in size from opproximorely 20 tons to approximorely 500 tons. The 
frequency of implemenlllffon for this measure was 90%. 

2. Average implemenlllffon cost per system for this measure. One example from the EADC dam bose to further cbrify the costs is os follows: Resetting the condenser water !em per· 
ature at on electronics pbnt resulted in energy and cost savings of 58,21 8 kWh/year and $2,390/yeor. The implementofun cost was $200. 

3. The energy cost savings ore based on actual dollar savings os reported to EADC from the focmty. 
4. H slllnds for h�h. 



I N D U S T R I A L  B R I E F  # 2 

CHILLED WATER SUPPLY 
TEMPERATURE RESET 

• DESCRIPTION
The efficiency of chillers increases as the chilled water temperature 
increases. This is because, in order to obtain lower tempemture chilled 
water, the refrigerant must be compressed at a higher rote, which in 
turn increases the compressor power requirements and decreases the 
efficiency of the chiller. There is approximately a 1 % increase in 
efficiency for each degree Fohrenhen increase in the chilled water 
setpoint temperoture. The efficiency increase tends to be higher near 
the lower temperatures in the setpoint range and decreases as the 
setpoinl lemperoture increases. The amount of allowable increase must 
be determined by a detailed engineering analysis that evaluates the 
load requirements from the chiller, the design chilled water tempem­
ture, and other aspects of the system. It is not uncommon to find chilled 
water setpoints that ore lower than is required from industrial chillers . 

• DEFINITIONS AND TERMS
EVAPORATOR The unn on the chiller in which heat is transferred to 
the refrigerant. Worm water flows over tubes containing a liquid 
refrigemnt in a tube-i!nd-shell heat exchanger. Heat is extracted from 
the water as the refrigerant vaporizes and the temperature ofthe water 
is reduced to the desired chilled water temperature. 

CHILLED WATER Water in the evaporator that is cooled when heat is 
removed to vaporize the refrigerant. 

• APPLICABILITY
FACILITY TYPE Any focilny that has a chiller. 

CUMATEAII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservolion. 
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• FOR MORE INFORMATION
ASH RAE Handbook, 1988 Equipment, American Society of Heating, 
Refrigerating and Air- Conditioning Engineers, Inc., Arlonto, GA, 1988, 
ch. 17. 

Energy Analysis and Diagnostic (enter (E A DC). Refer to Appendix A for 
a complete list of present� operating E A DCs. Contort the E A DC Center 
nearest to your area. 
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Table 1·4. Chdled Water Supply Temperature Reset: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Oprlons1 ($)2 (kWh/yr) ($/yr)3 (yr) (yr) Confidence4 

Oliled 
Water Supply 510 13,000 650 0.8 10 H 
Temp. Reset 

1. These doto were token from the Energy Analysis ond Oiognosffc Cenler (EAOO dolo bose. Syslems ronged in size from opproximole� 20 tons to opproximole� 500 tons. The 
.... frequency of im�emen!ofion for this meosure wos BO'Ai. 

2. Averoge implemen!ofion cost per system for this meosure. One exomple from the EAOC dolo bose to further ci:Jrify the costs is os follows: Resetting the chiDed woler supply 
water lemperoture at on electronics plont resulted in energy ond cost sovings of 9,493 kWhjyeor ond $140/yeor. The implementofion cost wos $240. 

3. The energy cost sovings ore bused on octuol dollor sovings os reported to EADC from the foclity. 
4. H stonds for h�h. 



I N D U S T R I A l  B R I E F # 3 

HOT -GAS DEFROST 

• DESCRIPTION
Frost builds up on air cooler unit (freezer) evaporator coik when the 
unft operates at less than 32°F. Frost is the resuh of moisture in the air 
freezing to the coil as the air posses over the coil. The performance of 
the coil is adversely affected by frost. Frost ads as on insulator and 
reduces the heat transfer copobilfty of the coil, and it restricts airflow 
through the coil. Frost buildup is unavoidable and must be removed 
periodically from the coil. 

One method of frost removal is to use the hot refrigerant discharge gas 
leaving the compressor. During the defrost cyde, hot gas is circulated 
through the cod to melt the frost. Hot-gas defrost systems may be used 
for all cooling unft capacities and may be included in new or retrofu 
construction. For retrofu applications, hot-gas defrost systems most 
often replace electric resistance defrost systems. Using waste heat off 
the hot-gas side for defrost may result in savings on the order of 1 0% 
to 20% of the total system usage . 

• DEFINITIONS AND TERMS
HOT GAS The refrigerant vapor discharged by the compressor. This 
vapor is superheated; the temperature of the vapor has been raised 
above that which normally occurs at a particular pressure . 

• APPLICABILITY
FACILITY TYPE Any facility that has on air cooler (freezer). The 
measure is especial� applicable to the food industry. 

CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Strotegi: conservation. 
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• FOR MORE INFORMATION
ASHRAf Handbook, 1988 Equipment, American Society of Heating, 
Refrigerating and Air-Cond�ioning Engineers, Inc., Atlanta, GA, 1988, 
p. 8.3.
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Table 1-5. Hot-Gas Defrost: Costs and Benefits 

Installed Energy Cost Sinple 
Costs Savilgs Savings Payback Ufe 

Options1 ($)2 (kWh/yr) ($/yr)l (yr) (yr) 

Hot-Gos 
Defrost 3,000 22,300 1,100 2.7 20 

1. These doto were token from the Enef!ly Ano�sis ond Diagnostic Center (EAD() dolo bose. The frequency of implementotion for this measure wos 20%. 

Con6dence4 

2. Average implementotion cost per system for this measure. One example from the EADC dolo bose to further clarify the costs is as follows: lnstolling o hotgas defrost system in a 
dairy resulted in eneiQy and cost savings of 20,500 kWh/yeor ond $1,070/year. The implementation cost was $2,500. 

3. The eneiQy cost sovings are based on octuol dollar savings os reported to EADC from the focnity. 
4. L stands for �w. 



I N D U ST R I A L  B R I EF # 4 

TWO-SPEED MOTORS ON COOLING 
TOWER FANS 

• DESCRIPTION 
Cooling tower performance is affected by the outdoor wet-bulb tem­
perature. Higher wet-bulb tempemtures correspond to higher air 
saturation temperatures. As air loses the ability to extract heat from 
water droplets flowing through o cooling tower (increasing wet-bulb 
temperature), o higher air flow rote is required to remove the desired 
amount of heat and reduce the condenser water to the design temper­
oture. The co�ing tower fan motor is often sized to perform under 
design conditions (i.e., full woter flow mte of maximum air flow rote 
and design wet-bulb temperature). During periods of lower outdoor 
wet-bulb temperature, the design amount of cooling con be obtained 
with lower air flow mtes. As the air flow rote decreases, the fan speed 
and the motor power requirements also decrease. It may then be 
beneficial to install o two-speed motor for the cooling tower fan to 
reduce the fan motor power consumption. Two-speed motors may be 
port of new or retrofit construction. Savings for the addition of o 
two-speed fan motor ore estimated based on the number of hours per 
year that the wet-bulb temperatures occur at various temperature 
ranges between design wet-bulb and minimum wet-bulb temperatures 
arid the power requirements for various air flow rates. It should also 
be noted that variable speed drives for fan motors achieve cooling 
tower energy savings in the some manner as two-speed motors . 

• DEFINITIONS AND TERMS
WET-BULB TEMPERATURE The temperature indicated by o ther­
mometer for which the bulb is covered by o film of water. As the film 
of water evaporates, the bulb is cooled. High wet-bulb temperatures 
correspond to higher air saturation conditions. For example, dry air has 
the ability to absorb more moisture than humid air, resuhing in o lower 
wet-bulb temperature. 
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• APPLICABILITY
FAOUTY TYPE Any foa1ily that hos o [ooling tower. 

CUMATE All. It is odvontogeous to instoll two-speed motors on [Oohng 
towers in both humid ond dry wmates; however, the benefits ore 
greater in dimates that experience o low wet-bulb temperature. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategif: 
ronservotion. 

• FOR MORE INFORMATION
Energy Analysis ond Diognostif: Center (EADO. Refer to Appendix A for 
o [Omplete list of presently operating EADCs. Contod the EADC Center 
nearest to your oreo. 

Motor Master, Washington State Energy Offif:e, Olympia, WA, 1992. 
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Table 1-6. Two-Speed Motors on Coohng Tower Fans: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options1 ($)2 (kWh/yr) ($/yr)3 (yr) (yr) Confidence4 

Two-Speed Motors on 
Cootlng Tower Fons 4,170 47,900 2,400 1.7 10 

1. These dolo were token from the EneJ!Iy Ano�sis ond Diagnostic Center (EAOO doto bose. The frequency of impklmentotion for this meosure wos 20%. 

H 

2. Averoge implementoffon cost per system for this meosure. One exompkl from the EAOC doto bose to further ckuify the costs is as follows: lnstolling two-speed motors on the
::0 cooling towers at a plostic film extruskm plont resulted in energy and cost sovings of 58,335 kWh/yeor ond $2,680/yeor. The implementotion costwos $3,900. 

3. The eneJ!Iy cost sovings ore bosed on actual dollar savings os reported to EADC from the fucUity when compared to o�peed motors. 
4. H stands for h�h. 



II. HEATING SYSTEMS 

Space ond process heating systems ore often the primary consumers of 
energy in industry. Many existing industrial heating systems ore ouldoted 
ond inefficient. There ore numerous energy conservation opportunities 
ossocioted with heoting systems in monufocturing operotions. ln addition 
to boilers (which ore discussed elsewhere in this guidebook), energy use 
con be reduced in severol spoce ond process heating systems. This 
section includes briefs describing the following measures: destrotificotion 
funs; comfort rodiont heating systems; process rodiont heoting systems; 
ond quartz rodiont heating systems. Other space heoting measures !hot 
moy be opplicoble to industry ore included in the HVAC section of the 
DSM Pocket Guidebook, Volume 2: Commercial Technologies. A sum· 
mory of odditionol process heating systems is included in Tobie 1-48 of 
this guidebook. 
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I N D U S T R I A L B R I E F # 5 

DESTRATIFICATION FANS 

• DESCRIPTION 
Strotificotion usually occurs in spaces where there is insufficient air 
movement. If stratification is present, the heating requirements of the 
facility ore increased because the temperature at the ceiling level is 
higher than the thermostat setpoint temperature, while the temperature 
at the working level is near the setpoint temperature. If the air is 
destratified, the temperature at the ceiling level would be near� equal 
to the temperature at the floor level. This destralificalion process also 
reduces the heat loss due to ventilation and infiltration, again because 
the average temperature in the plant would be reduced to near the 
setpoint temperature. The destratification is achieved by mixing the 
warm air near the ceiling with the cool air near the floor. It is recom­
mended that destratification fan systems be sized for flow rates of 
5-1 0 cfm/ft2 of floor area to ensure effective air mixing . 

• DEFINITIONS AND TERMS
STRATIFICATION The physiml occurrence of an increasing air tempera­
ture gradient between the floor and the ceiling in an enclosed space. If 
air is undisturbed, hot air will rise, resulting in wormer air temperatures 
near the ceiling of a space and cooler air temperatures near the floor . 

• APPLICABILITY
FACILITY TYPE Any facility in which there is a heating requirement 
and in which there is, on average, a temperature gradient of at least 
0.5°F/ft and a ceiling height of at least 20ft. 

QJMATE All climates in which heating is used for several months per year. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic mnservafion . 

• FOR MORE INFORMATION
Energy Ano�sis and Diagnostic Center (EADC). Refer to Appendix A for 
a complete list of presently operating EADCs. Contort the EADC Center 
nearest to your area. 
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Table 1-7. Destratification Fans: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savitgs Savitgs Payback Ufe 

Options1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 
Destralification Fans 6,080 925.9 3,900 1 .56 20 

1 .  These data were taken from !he Ene!!Jy Analysis and Diagnosflc Center (EADC) data base. The frequency of imp�mentaflon for !his measure was 40%. 

Con6dence4 

M 

2. Average implementaflon cost per system for !his measure. One examp� from !he EADC data base to further cknify !he costs is as follows: Installing destratifkoffon Ions in o wore­
house to reduce !he temperature difference between floor ond ce�ing during !he heoffng season resu�ed in energy ond cost savings of 144 MM8tujyr ond $670/yeor. The inr 
plementation cost wos $1 ,600. 

3. The ene!!Jy cost savings ore based on octuol dollar savings os reported to EADC from !he foc�ity. 
4. M stands for medium. 



I N D U S T R I A L B R I E F  # 6 

COMFORT RADIANT HEATING 
SYSTEMS 

• DESCRIPTION
Comfort radiant heoting systems worm people and other objects 
without worming the air. They operate similar to the sun's rays in that 
the infrared rodiolion emH!ed by the radiant heoter is absorbed by the 
people tho! if strikes, thereby providing warmth. The some degree of 
comfort con be maintained of lower indoor temperatures with radiant 
healing systems as with conventional convection heoting systems. 
Radiant healing systems ore especially oflroctive for industrial space 
healing opplicalions such as the healing of spaces with high ceilings 
where strotificofion is a problem or spot healing, such os near dock 
doors. A typical opplicalion would be in a loading dock oreo, where 
dock doors moy be opened frequent�. If the space near the dock door 
is heoted by a convection heoting system, this healed air will be cooled 
when the dock doors ore opened. If radiant healing is used, the workers 
will keep worm even though the space air may be cold. 

Radiant healing systems ore usual� gas-fired or electric. The type of 
radiant heoting system is determined by the characteristics of the 
building in which the system is to be installed. For example, electric 
nidionf healing systems moy be installed in on area of the building 
where gas is unavailable. A radiant healing system is often a relatively 
easy retrofit meosure but moy oko be integrated info new construction . 

• DEFINITIONS AND TERMS
INFRARED RADIATION Rodialion of wavelengths longer than visi­
ble light. 

CONVEO'ION HEATING Heoling systems that deliver heated air to 
a space to maintain a desired space selpoinf temperature. 

STRATIFICATION The physical occurrence of an increasing air fem­
peroture gradient between the floor and the ceiling in an endosed 
space. If air is undisturbed, hot air will rise, resulting in warmer air 
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temperatures near the cei hng of a space and cooler air temperotures 
near the fl oor . 

• APPLICABILITY
FA OUTY TYPE Any foci hty where space or spot heating is required. 
Particularly applicable t o  warehouse aisles, pr oduction lines, and d ock 
areas .  

CUMATE All c hmotes where heating i s  required. 

DEMAND-SIDE MANAGEMENT STRATEGY Strotegic conserwlion. 

• FOR MORE INFORMATION 
ASHRAf Handbook, 1987 HVAC Systems and Applications, Americon 
S ociety of Heating, Refriger oting and Air-Conditioning Engineers, Inc., 
Atlanta, GA, 1988, ch. 16. 
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Options I 

Comfort 
Radiant Htg. 
Systems 

Table 1·8. Comfort Radiant Heating Systems: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Poyback 
($)2 (MMBtu/yr) ($/yr)3 (yr) 

24,700 1 ,870 8,560 2.9 

Ufe 
(yr) 

20 

Confidence4 

M 

1 .  These doto were token from the Energy Analysis ond Diagnostic Cenler (EAO() dolo bose. Syslems ranged in size from opproximorely 1 00,000 to 1 50,000 Btu/hr. The 
frequency of implementoffon fur this measure wos 46%. 

2. Average implementoffon cost per system fur this measure. One example from the EAOC dolo bose to further c�rify the costs is os follows: Installing comfurt rodkmt heoffng 
syslems in on industrial plant resulted in energy ond cost savings of 2,726 MMBtu/yr ond $1 1 ,670/yeor. The implementotion cost wos $40,000. 

3. The energy cost savings ore based on octuol dollar savings os reported to EADC from the fudity. 
4. M stands for medium. 



I N D U S T R I A L  B R I EF # 7 

PROCESS RADIANT HEATING 
SYSTEMS 

• DESCRIPTION
Radiant heaters may be used for many process heating applications 
instead of conventional convection heating systems. With radiant 
heatin!L the object is heated direct�, instead of indirectly, through 
heating of the air surrounding the object. Radiant heaters operate 
similar to the sun's rays in that the infrared radiation emitted by the 
radiant heater is absorbed by the solid object that n strikes, thereby 
warming the object. The short response lime of radiant heaters when 
compared to convective heaters can ako be advantageous to industry. 
Gas or electric radiant heaters may be designed and tailored for specific 
healing applications. Applications include cooking, broiling, drying, and 
deep fat frying of food; drying, melting, and curing of metak; drying 
inks and varnishes; curing cores and molds in foundries; web drying, 
preshrinking, and finishing of textiles; curing and drying of rubber and 
plastics; etc . 

• DEFINITIONS AND TERMS
CONVECTION HEATING Heating systems that deliver heated air to 
a space to maintain a desired space setpoint temperature. 

INFRARED RADIATION Radiation at wavelengths longer than visi· 
ble light. 

RESPONSE TIME The time needed to reach a desired value . 

• APPLICABILITY 
FACIUTY TYPE Process radiant heating systems can be beneficial to 
almost all industry. An engineering ana�sis that evaluates the process 
is required to determine when radiant heating is applicable. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation. 
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• FOR MORE INFORMATION
American Consulting Engineers' Council, Industrial Market and Energy 
Management Guide, SIC 35, Non-Electrical Machinery Products Indus­
try, Washington, DC, 1987. 
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Table 1-9. PrCKess Radiant Heating Systems: Costs and Benefits 

Installed Energy Demand Cost Simple 
Costs Savings s;�s Savi�s '61ia'*- Ufe 

Options1 ($)2 (MMBtulyr) ($/yr 3 yr) (yr) Confidence4 
Process 

Radiant Heating 2,300 233.8 36 4,300 0.53 
Systems 

l . These data were token from the Energy Analysis and Diagnostic Center (EAO() datu base. A majority of the systems recommended by EAOC are gas-fired systems. The frequency 
of implementoflon for this measure was 46%.

2. Average implemen1nffon cost per system for this measure. 
3. The energy cost savings are based on actual dollar savings as reported to EADC from the fucdity. 
4. L s1nnds fur low. 



I N D U S T R I A l  B R I EF # 8 

QUARTZ RADIANT HEATING 
SYSTEMS 

• DESCRIPTION
All materials hove physi(OI properties thot lead to peak absorptivity of 
rodiotion of given wavelengths. There will be wavelengths of which o 
moteriol absorbs quite well, and other wovelengths where the moteriol 
is near� transparent to the applied rodiotion. It con then be cost­
effective to direct that rodiotion having the appropriate wavelength to 
heot on object. Quartz radiant heaters ore used to control the wove­
length directed ot o moteriol. Two important properties which charac­
terizes quartz ore: (1 ) quartz is essentially transparent to infrared 
rodiotion over most usable wavelengths and (2) quartz is o very poor 
conductor of heat. These characteristics allow the quartz envelope to 
oct like on insuloted window in thot it does not absorb the infrared 
energy passing through �. and, conseque�, there ore very low 
convection losses. Quartz radiant heoters may be used in place of 
convective heoters, hove o foster response time than convective heot­
ers, and may be port of new or retrofit construction. The meosure is 
very opplicotion specific and, os o result, has not been used extensively 
by industry . 

• DEFINITIONS AND TERMS
CONVEOION HEAnNG Heating systems thot deliver heoted air to 
o space to maintain o desired space setpoint temperoture.

RESPONSE TIME The time needed to reach o desired value . 

• APPLICABILITY
FAOUTY TYPE Focilfties that hove process heoting systems. An 
engineering analysis that evaluates the process is required to determine 
when quartz radiant heoting is applicable. Quartz radiant heoting has 
been particular� applicable in the plastics industry. 

CUMATE AII. 
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DEMAND-SIDE MANAGEMENT STRATEGY Strolegk mnservotion. 

• FOR MORE INFORMATION
American Consulting Engineers' Council, Industrial Market and Energy 
Management Guide, SIC 30, Rubber and Plastics Products Industry, 
Washington, D� 1985. 
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Table 1-1 0. 011artz Radiant Heating Systems: Costs and Benefits 

Installed Energy Cost Simple 

Options1 
Costs Savilgs Savilgs Payback 
($)2 (MMBtu/yr) ($/yr)3 (yr) 

Ufe 
(yr) Confidence• 

Qu<irtz 
Radiant Heating 

Systems 
266,000 13,800 133,000 2 10  

1 .  These dolo were token from the  Enef!iy Ano�sis and Diagnostic Cenler (EAOC) and the ACEC data bose. The frequency of imp�mentotion for this measure wos 1 0%. 
2. Average implementofion cost per system for this measure. 
3. The enef!iy cost savings ore based on actual dollar savings os reported to EAOC from the focUity. 
4. M stands for medium. 
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Ill. BOILERS 

There ore four principal boiler cotegories: (l) noturol draft, (2) forced 
droft, (3) hot woter or steom, ond (4) fire tube or woter tube. In o 
noturol draft boiler, the combusffon oir is drown in by noturol convection 
ond there is no control of the oir/fuel rotio. For forced draft boilers, the 
quantity of combusffon oir ond the oir/fuel mixture ore controlled by o 
blower. Some boilers produce hotwoter, typicol� in the 1 60° to 1 90°F 
range, while others produce steom. Steom boilers moy be low pressure 
(opproximotely 1 5  psi), medium pressure ( 15  to 1 50 psi), or high 
pressure (1 50 to 500 psi). Finol�, boilers moy be fire-tube orwoter·tube 
boilers. In o fire-tube boiler, the hot goses flow through tubes immersed 
in woter, whereas in o woter·tube boiler, the woter flows through 'tubes 
hooted by the hot combusffon goses. There ore olso some very high 
temperature ond super-heot boilers but these ore seldom encountered 
in typical monufocturing operations. The typicol boiler used in smoll to 
medium sized industrial operations is o forced droftsteom boiler ot 1 20 
· 1 50 psi ond opproximotely 1 50 hp. The following measures ore olso 
opplicoble to utility boilers. Other thon the mojor differences of not being 
noturol draft boilers ond producing steom ot greater thon 150 psi, utility 
boilers ore similar to boilers commonly used by industry. 

This section includes demomkide monogement strategies for boiler. 
systems. Combusffon oir blower vorioble frequency drives, oir/fuel ratio 
reset, turbulotors, high-pressure condensate return systems, steom trap 
repoir, ond steom look repair ore discussed in this section. Boiler 
efficiency lips ore included in Appendix B of this volume. 
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I N D U S T R I A L  B R I E F  # 9 

COMBUSTION AIR BLOWER 
VARIABLE-FREQUENCY DRIVES 

• DESCRIPTION
The load on o boiler typical� varies with time, ond, consequently, the 
boiler varies between low ond high fire. The amount of combustion oir 
required changes accordingly. Common practice hos been to control o 
damper or vary the positions of the inlet vanes in order to control the 
oir flow; that is, when little oir is required the damper is essential� closed 
ond is opened os more oir is required. This is on inefficient method of 
oir flow control because oir is drown ogoinst o partially closed damper 
whenever the maximum amount of combustion oir is not required. lt is 
much more efficient to vary the speed of the blower by instolhng o 
variable-frequency drive on the blower motor. (Note that it is sometimes 
expensive to install o variable-frequency drive if inlet vanes exist.) 
Because the power required to move the oir is approximately propor­
tionol to the cube of the oir flow rote, decreasing the flow rote by o 
fodor of two WJ11 resuk in o reduction of power by o fodor of eight. This 
measure is particular� significant on boilers of 3.3 MMBtu/h or greater. 

Combustion oir blower variable-frequency drives ore ovoiloble from 
boiler manufacturers for new boiler installation. They also moy be 
retrofitted to on existing boiler with few changes to the boiler . 

• DEFINITIONS AND TERMS
FIRING RATE As the load on o boiler varies, the amount of fuel supplied 
to the boiler varies in order to match the load . 

• APPLICABILITY
FACILITY TYPE Applicable to ony facility that hos o Iorge, forced-draft 
boiler. 

CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservotion. 
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• FOR MORE INFORMATION
Energy Ano�sis and Diagnostic Center (EADC). Refer to Appendix A for 
a complete list of present� operating EADCs. Contort the EADC Center 
nearest to your area. 

Wiffe, LC., P.S. Schmidt, D.R. Brown, Industrial Energy Management 
and Utilization, Hemisphere Publishing Corp., Washington, D.C., 1988, 
pp. 530-532. 
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.... ..... 

Options I 

Combusflon 
Air Blower 

Variable-Frequency Drives 

Table 1·1 1 . Combustion Air Blower Variable-Frequency Drives: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savings Savings Payback Ufe 
($)2 {kWh/yr) ($/yr)3 (yr) (yr) 

47,000 236,400 1 1 ,800 4.0 20 

1 .  These dolo were token from the Energy Ano�sis and Diagnostic Center (EAD() do to bose. The fre�Juency of implementoflon for this measure was 34% . 

Confidence4 

2. Average implementoflon cost per system for this measure. One example from the EADC dolo bose to further cklrify the costs is as follows: lnstolling variable speed drives and 
corresponding controls on 1wo 250 hp combustion air funs at a food processing plant resulted in energy and cost savings of 483,44 5 kWh/yr and $23,000 /yr. The implemen· 
toflon cost was $30,000. 

3. The energy cost savings ore based on actual dollar savings as reported to EADC from the focmty. 
4. H stands for h�h. 



I N D U S T R I A L  B R I E F # 1 0

AIR/FUEL RATIO RESET 

• DESCRIPTION
For each fuel type, there is on optimum value for the oir/fuel rolio. For 
notuml gus boilers, this is 10% excess oir, which corresponds to 2.2% 
oxygen in the flue gus. For cool-fired boilers, the values ore 20% excess 
oir ond 4% oxygen. Because � is difficult to reach ond mointoin these 
values in most boilers, it is recommended thot the boiler oir/fuel rolio 
be adjusted to give o reading of 3% oxygen in the flue gus (about 15% 
excess oir)for gus-fired boilers and 4.5% (25% excessoir) for cool-fired 
boilers. Combustion onolyzers ore ovoiloble !hot give readings of 
oxygen, carbon dioxide, temperature, combustibles, ond efficiency, but 
these moy cost os much os $5,000. Less expensive instruments !hot 
give only one or two readings ore ovodoble for less thon $1,000, ond 
it is often recommended !hot these be purchased. For natural gus 
boilers, the efficiency os o function of excess/deficient oir ond stock 
temperature is shown in Agure 1-1 . 

The curves for oil- ond cool-fired boilers ore similar. Because the 
efficiency decreases rapid� with deficient oir, it is better to hove o �ight 
amount of excess oir. Also shown is the effect of stock gus temperature 
on efficiency; the efficiency decreases os the stock gus temperature 
increases. As o rule of thumb, the stock temperature should be 50° to 
1 00°F above the tempemture of the heated fluid for maximum boiler 
efficiency and to prevent condensotion from occurring in the stack 
gases. It is not uncommon !hot os loads on the boiler change and os 
the boiler oges, the oir/fuel rolio will need readjusting. It is recom­
mended !hot the air/fuel rolio be checked as often as month� . 

• DEFINITIONS AND TERMS
STACK GASES The combustion gases !hot heot the water and ore then 
exhausted out the stock (chimney). 

AIR/FUEL RAnO The rolio of combustion air to fuel supphed to the 
burner. 
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• APPLICABILITY
FACIUTY TYPE Any fa cil ity that has a forced draf t boiler. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Slrolegic mnservotion . 

• FOR MORE INFORMATION 
Dyer, D.P., G. Maples, eds., Boder Efficiency Improvement, Boiler 
Efficiency lnstiMe, Auburn, AL, 1981, pp. 4-31. 
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Figure 1·1 BoRer effidency as a 
Function of excess or deficient 
air and stack temperature 

Source: Boiler Efficiency Improvement, 
Dyer, Maple, Maxwel� Boiler Effi· 
dency Institute, Auburn, Al, 1981 
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Table 1·1 2. Air/Fuel Ratio Reset: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Oplions1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 

Air/fuel 
Ratio Reset 1,612 1 ,075.2 4,425 0.4 

1 .  These doto were taken from the Energy Anolysis ond Diognosffc Cen!er (EADO dota bose. The frequency of implementaffon for this meosure wos 83% .

Confidence4 

2. Averoge implementaffon cost per sys!em for this meosure. One exomple from the EADC dota bose to further dmify the costs is os follows: Adjusffng the oir/fuel rofio on o
6.3 million BIU/h bo�erot o concrete plont resulted in energy ond cost savings of 1 ,314 MMBIU/yr ond $4,760/yr. The implementafion costwos $1 ,500, whkh wos the 
cost for flue gos onolysis equipment ond lobar. 

3. The energy cost sovings ore based on oc!Uol dollar savings os reported to EADC from the fucflity. 
4. H stands for h�h. 



I N D U S T R I A L  B R I E F # 1 1

TURBULATORS 

• DESCRIPTION
The stack temperature of a boiler, as a rule of thumb, should be 50° 
Ia 1 00°F above the temperature of the heated fluid for maximum 
boiler efficiency and to avoid condensation accumulation in the stack. 
Temperatures higher than this can be an indication of fouling of the 
heat transfer surface inside the boiler by carbon buildup on the 
combustion side or scaling on the water side of the tubes. The higher 
temperatures can also be the resuk of combustion gases flowing too 
quickly through the tubes. 

If the combustion gas temperature is too high, turbukltors could be 
installed to slow the combustion gases flow rate. Turbulators are twisted 
strips of metal that are inserted into the tubes of fire-tube boilers to 
increase the heat transfer from the hot gases to the water. Studies have 
shown that a 1 0% to 30% reduction in stack temperature can be 
achieved by installing turbulators. This reduction gives on increase in 
operating efficiency of approximately 1 %  for each 40°F decrease in 
stack temperature . 

• DEFINITIONS AND TERMS
FIRE-TUBE BOILER A boiler in which the combustion gases pass 
through tubes surrounded by the water to be heated . 

• APPLICABILITY
FACIUTY TYPE Any facility that has a fire-tube boiler. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conserwtion. 
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• FOR MORE INFORMATION
Dyer, D.P., G. Maples, eds., Boiler Efficiency Improvement, Boiler 
Efficiency Institute, Auburn, AL, 1 981, pp. 4-31. 

Americon Consuhing Engineers' Coun(il, Industrial Market and Energy 
Guide, SIC 20, Food ond Kindred Products Industry, Washington, DC, 
1 985, p. lll-65. 
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.... ..... 

Table 1-13. T urbulators: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savings Payback Ufe 

Options1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 

Tmbu�1ms 1 ,020 805.3 3,350 0.3 10 

1 .  These doto were mken from the Ene1Qy Analysis and Diagnostic Center (EADC) dam base. The frequency of imp�mentation for this measure was 39% .

Con6dence4 

M 

2. Average implemenmfion cost per system for this measure. One examp� from the EADC dam base to further clarify the cos1s is os follows: lns1olling 1urbula1ors in the rubes of a
2.4 million B1u/h fire-lube bai�r at a food manufac1uring focility resulted in energy and cost savings of 465 million B1u/yr and $1 ,780/yr. The implementation cost was 
$1,200. 

3. The energy cost savings are based on ac1ual dollar savings as reported to EADC from the foc�ity. 
4. M s1onds for medium. 



I N D U S T R I A L  B R I E F # 1 2

HIGH-PRESSURE CONDENSATE 
RETURN SYSTEMS 

• DESCRIPTION 
If pressurized condensate return is exposed to otmospheric pressure, 
flashing will occur. Flash tanks ore often designed into a pressurized 
return system to allow flashing and to remove noncondensable gases 
from the steam. The resuking low-pressure steam in the flash tonk con 
often be used as a heot source. A more efficient olternotive is to return 
the pressurized condensate directly to the boiler through a high· 
pressure condensate return system. Heat losses due to flashing ore 
significant, especially for high-pressure steam systems. Steam lost due 
to flashing must be replaced by woter from the city mains (at opprox· 
imote� 55°F). This causes the feedwoter mixture to the boiler to be 
significantly below its boiling point, resuking in higher fuel consumption 
by the boiler to increase the temperature of the feedwoter to the boihng 
point. Woter treatment costs are also greater with increased flash 
losses. 

In a retrofit application, a dosed, high-pressure condensate return 
system would prevent the flashing that occurs in the existing system 
by returning the condensate to the boiler at a higher pressure and 
temperoture, thereby reducing boiler energy requirements and water 
treatment costs. Noncondensable gases (such as air and those formed 
from the decomposition of carbonates in the boiler feedwoter treat· 
men! chemicals) can be removed from a dosed condensate return 
system through the use of variable orifice discharge modules (VODMs). 
VODMs ore similar to steam traps in !hot they return condensate but 
also con remove noncondensable gases. In a systeni !hot does not 
contain VODMs, these gases can remain in the steam coil of the 
equipment being heoted and can fonn pockets of gas !hot have the 
effect of insulating the heot transfer surfaces, thus reducing heat 
transfer and decreasing boiler efficiency. 
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• DEFINITIONS AND TERMS
CONDENSATE The hot water thot is the steam after it hos cooled ond 
consequently condensed. 

FlASHING Pressurized condensate will change phose into steam if the 
pressure is suddenly reduced • 

• APPLICABILITY
FACIUTY TYPE All focihties thot hove o steam system with o high­
pressure condensate return system. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservotion. 

• FOR MORE INFORMATION
American Consuhing Engineers' Council, Industrial Market and Energy 
Guide, SIC 20, Food and Kindred Products Industry, Washington; D.C., 
1985, p. lll-10. 
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Options1 

High Pressure 
Condensate 

Return 

Table 1·14. High-Pressure Condensate Return Systems: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savitgs Savings Poyback 
($)2 (MMBtu/yr) ($/yr)l (yr) 

31,341 2,850 1 2,791 2.4 

Ufe 
(yr) 

20 

1 .  These dato were token from the Energy Analysis and Diagnostic Center (EADO dolo bose. The frequency of implemenlofion for this measure wos 78%. 

Confidence4 

M 

� 2. Average implemenloffon cost per system for this measure. One example from the EADC dam bose to further clarify !he costs is as follows: lnstolling of high-pressure condensate 
return system equ�ment at a food processing plant resulted in energy and cost savings of 4,727 MMBtu/yr ond $14, 100/yr. The implemenloffon costwos $37,000. 

3. The energy cost savings ore based on actual dollar savings as reported to EADC from the focllity. 
4. M stands for medium. 



I N D U S T R I A l B R I E F # 1 3

STEAM TRAP REPAIR 

• DESCRIPTION
A steom trop holds steom in the steom coil until the steom gives up its 
lotent heot ond condenses. In o flosh tonk system without o steom trop 
(or o malfunctioning trop), the steom in the process heoting coil would 
hove o shorter residence time ond not completely condense. The 
uncondensed high-quolity steom would be then lost out of the steom 
discharge pipe on the flosh tonk. Steom trop operation con be eosily 
checked by comparing the temperature on eoch side of the trop. lf the 
trop is working properly, there will be o Iorge temperature difference 
between the two sides ofthe trop. A cleor sign thot o trop is not working 
is the presence of steom downstream of the trop. Nonworking steom 
trops ollow steom to be wosted, resulting in o higher steom production 
requirement from the boiler to meet the system needs. It is not 
uncommon thot, over time, steom trops weor ond no longer function 
proper� . 

• DEFINI TIONS AND TERMS
CONDENSATE The hot woter thot is the steom ofter it hos cooled ond 
consequently condensed . 

• APPLICABILITY
FACILITY TYPE Any focility hoving o steom boiler. 

CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservolion. 

• FOR MORE INFORMATION
Kennedy, WJ., YK Turner, Energy Management, Prentice-Hoi, Englewood 
Cliffs, NJ., 1 984. 
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Table 1-15. Steam Trap Repair: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savings Payback Ufe 

Options1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 

Steam 
Tmp 3,490 2,030 10,670 0.33 5 
Repair 

1 .  These dolo were token fmm the Enei!Jy Analysis and Diagnostic Cenrer (EAD() dam bose. The frequency of imp�mentotion for this measure wos 25%.

Confidence4 

M 

:e; 2. Average implementoffon cost per sys1em for this measure. One exomp� from the EADC dam bose to further c�lify the costs is as follows: Repairing one steam Imp resulred in
enei!Jy and cost savings of 1 05 MMBtufyr and $483/yr on a 600 hp boiler at a rendering plant. The imp�mentoffon cost wos $220. 

3. The enei!Jy cost savings ore based on actual dollar savings os reported to EADC from the focmty. 
4. M stands for medium. 



I N D U S T R I A L  B R I E F # 1 4

STEAM LEAK REPAIR 

• DESCRIPTION
Significont sovings con be reolized by locoting ond repoiring leoks in 
live steom lines ond in condensote return lines. Leoks in the steom lines 
ollowsteom to be wosted, resuking in higher steom production require­
ments from the boiler to meet the system needs. Condensote return 
lines thot ore leoky return less condensote to the boiler, increosing the 
quontily of required moke-up woter. Becouse moke-up woter is cooler 
thon condensote return woter, more energy would be required to heot 
the boiler feedwoter. Woter treotment would olso increose os the 
moke-up woter quontity increosed. leoks most often occur ot the 
fittings in the steom ond condensote pipe systems. Sovings for this 
meosure depend on the boiler efficiency, the onnuol hours during which 
the leoks occur, the boiler operoting pressure, ond the entholpies of the 
steom ond boiler feedwoter • 

• DEFINITIONS AND TERMS
ENTHALPY A meosure of the energy content of o substonce . 

• APPLICABILITY
FACIUTY TYPE Any focility hoving o steom boiler. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strotegic conservotion. 

• FOR MORE INFORMATION
Energy Anolysis ond Diognostic Center (EADC). Refer to Appendix A for 
o complete list of present� operoting EADCs. Contort the EADC Center 
neorest to your oreo. 
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Options I 

Steam 
leak 
Repair 

Table 1·16. Steam Leak Repair: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Poyback 
($)2 (MMBtu/yr) ($/yr)3 (yr) 

512 1 3,000 6,568 0.1 

Ufe 
(yr) 

1 .  These dlllll were token from the Energy Ano�sis ond Diagnostic Cenler (EAD() dolo bose. The frequency of implemenlolion for this measure wos 96%. 

Confidence4 

M 

� 2. Average implementofion cost per system for this measure. One example from the EADC dolo bose to further c�nify the cosls is os follows: Repairing steam leaks on o 600 hp 
boiler system ot o rendering plant resulted in energy ond cost savings of 986 MMBtu/yr ond $4,535 fyr. The implemenlolion cost wos $350. 

3. The energy cost savings ore bused on octuol dollar savings os reported to EADC from the focli1y. 
4. M stands for medium. 



IV. AIR COMPRESSORS 

Nr compressors in manufocturing foci�ties ore often large consumers of 
electricity. There ore 1wo 1ypes of air compressors: reciprocating and 
screw compressors. Reciprocating compressors operote in a manner 
simUar lo that of an aulomobUe engine. That is, a piston moves back 
and forth in a cylinder to com11ess the air. Screw compressors work by 
entraining the air be1ween 1wo rololing augers. The SJX]ce be1ween the 
augers becomes smaller as the air moves toward the ou�et, thereby 
compressing the air. Screw compressors have fewer moving parts than 
reciprocating compressors have and ore less prone to maintenance 
problems. However, especially for older 1ypes of screw compressors, 
screw compressors tend lo use more energy than reciprocating compres· 
sors do, particulady if they are oversized for the load. This is because 
many screw compressors continue lo rotote, whereas reciprocating 
compressors require no power during the unloaded siDle. 

This section includes demand-side management measures for increasing 
oulside air usage, reducing air leakage mound valves and fittings in 
compressor air lines, recovering air compressor cooling water, recovering 
air compressor waste heat, pressure reduction, adding screw compressor 
contra�, compressor re�acernent, and adding low-pressure blowers. 
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I N D U S T R I A l  B R I E F # 1 5

OUTSIDE AIR USAGE 

• DESCRIPTION 
The amount of work done by on air (Ompressor is proportional to the 
temperature of the intake air. Less energy is needed to compress cool 
air than to compress worm air. On overage, outside air is cooler than air 
inside o compressor room. This is often the case even on very hot days. 
Piping con often be installed so that cooler outside air con be supplied 
to the intake on the compressor. This is particularly simple and 
cost-effective if the compressor is lo(Oted odjocent to on exterior wall. 

The energy and costsovings ore dependent on the size of the compressor, 
the load fodor, and the number of hours during which the compressor 
is used. The payback period is nearly always less than two years. The 
load fodor is foi�y constant for compressors that operate on� when they 
ore oduolly compressing air. Most reciprocating compressors ore oper­
ated in this manner. When they ore on, they opemte with fairly constant 
power consumption, usually neo�y equal to their rated power consump­
tion; when they ore cycled off, the power consumption is zero. Screw 
compressors ore often operated in o different manner. When loaded (i.e., 
oduol� compressing oir),they opemte near their rated power, but when 
compressed air requirements ore met, they ore not cycled off but 
continue to rotate and ore "unloaded." Older screw compressors may 
consume os much os 85% oftheir rated power during this unloaded stole. 
Therefore, a 0 screw compressor is to be operated continuous�, it should 
be matched closely to the compressed air load that it supplies. Often, 
plant personnel purchase compressors having several times the required 
power rating. This may be done for o variety of reasons, but often in 
anticipation of expansion of the facility and o commensurate increase 
in the compressed air requirements . 

• DEFINITIONS AND TERMS
RATED LOAD The power usoge indicated by the air compressor man­
ufacturer-usual� shown on the nameplate. 

51 



LOAD FACTOR The average fraction of the rated load at which the 
compressor operates . 

• APPLICABILITY
FACIUTYTYPE Any facility that uses compressed air in its operations. 
The savings increase as the size of the compressor and the hours of use 
increase for both types of compressors. 

CUMATE Any climate in which the avemge outdoor air temperature 
is less than the air temperature in the compressor room. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conserva­
tion and peak clipping . 

• FOR MORE INFORMATION
Witte, LC., P.S. Schmidt, D.R. Braun, Industrial Energy Management 
and Utilization, Hemisphere Publishing Corp., Washington, D.C, 1 988, 
pp. 433, 437. 

Baumeister, T., LS. Marks, eds., Standard Handbook for Mechanical 
Engineers, 7th Edition, McGraw-Hill Book Co., New York, NY, 1 967, 
pp. 14.42-1 4.61. 
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Table 1-17. Outside Air Usage: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options1 ($)2 (kWh/yr) ($/yr)l (yr) (yr) 

Outside 
Air 540 21,000 101 5  0.5 0.5 

Usoge 

1 .  These doto were token from the Enei!Jy Anolysis ond Diognostic Cenler (EADO do1u bose. The frequency of imp�mentotion for this meosure wos 63%. 

Confidence4 

H 

2. Typicol implementotion cost for this meosure is $1 .50/ft of piping. One exomple from the EADC dolo bose to further dmify the costs is os follows: Supplying outside oir to the in· 
tokes of three oir compressol5 (l 00 hp, 75 hp, ond 50 hp) resulted in enei!Jy ond costsovings of 10,050 kWh ond $490/yr. The imp�mentotion costwos $780. 

3. The enei!Jy cost sovings ore bosed on octuol dollor sovings os reported to EADC from the focmty. 
4. H stonds for h�h. 



I N D U S T R I A L B R I E F # 1 6

LEAKAGE REDUCTION 

• DESCRIPTION
Air leaks around valves and fillings in compressor air lines may 
represent a significant energy cost in manufacturing facilities. Some­
times up to 20% of the work done by the compressor is to make up for 
air leaks. The energy loss as a function of hole diameter at on opemting 
pressure of 1 00 psi is shown in Table 1-18. 

T .. le 1·18. Air Leaks 
Fuels 111d Air Losses Due to 

Compressed Air Leaks* 

Hole Free Air Wasted Energy Wasted 
Diameter, (hl/yr), Per Leak 

(in.) by a Leak of Ai' (kWh/h) 
at 100 psi 

3/8 90,400,000 29.9 
1/4 40,300,000 14.2 
1 .8 1 0,020,000 3.4 

l/16 2,580,000 0.9 
l/32 625,000 0.2 

*Source: National Bureau of Standards {NBS) Handbook 1 15 Rule of Thumb-. 
5o/IJ" 1 0% of total enei!Jy consumed by o compressor is lost due to air 
leaks . 

• DEFINITIONS AND TERMS
GAGE PRESSURE The system pressure supplied by the compressor. 

ABSOWTE PRESSURE The sum of the gage pressure and the 
atmospheric pressure. The gage and absolute pressures ore used in 
calculating the amount of air lost due to air leaks . 

• APPLICABILITY
FACIUTY TYPE Any facility that has on air compressor. 

CUMATE AII. 
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DEMAND-SIDE MANAGEMENT STRATEGY Strategic conserva­
tion and peak clipping . 

• FOR MORE INFORMATION
American Consulting Engineers' Council, Industrial Market and Energy 
Management Guide, SIC 32, Stone, Oay and Glass Products Industry, 
Washington, D.C., 1 987, p. lll-30. 

Turner, el. al., Energy Management Handbook, John Wiley and Sons, 
New York, NY, 1982, pp. 424-425. 
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Table 1-19. Leakage Reduction: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options• ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Leokoge 
Reduction 335 34,600 2,070 0.2 1 

1 .  These doto were token from the Enef!ly Analysis and Diagnostic Center (EAOC) datu base. The frequency of imp�mentation far this measure wos 89% . 

Confidence4 

H 

2. One example from the EADC datu base to further clarify the cos1s is os folbws: Repairing air leaks in a compressed air system having air compressors of 1 50 hp, 60 hp, and 
25 hp-aD operating at 1 1 0  psig--;esuhed in energy savings of 35,750 kWh and cost savings of $2,7 60/yr. The implemenln�on cost wos $500. 

3. The enef!ly cost savings are based on actool dolbr savings os reported to EADC from the foclity. 
4. H stands for h�h.



I N D U S T R I A L  B R I E F # 1 7

COOLING WATER HEAT RECOVERY 

• DESCRIPTION 
Air compressors, l 00 hp ond larger, ore often cooled by water from o 
cooling tower. The temperature of the water offer leaving the cooling 
coils of the compressor moy be sufficiently high thot heat con be 
extruded from the water ond used in o process. For example, boiler 
feedwoter could be preheated by the water used to cool the compressor. 
Preheating the moke-up water displaces boiler fuel thot would ordinor­
i� be used to heot the moke-up water . 

• DEFINITIONS AND TERMS
COOUNG COILS Finned tubes on o water-cooled compressor through 
which water flows ond across which oir flows . 

• APPLICABILITY
FAOUTY TYPE Any manufacturing facility thot hos o Iorge, water­
cooled oir compressor. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation. 
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Table 1-20. Cooling Water Heat Recovery: Costs and Benefits 

Installed Energy Cast Simple 
Costs Savilgs Samgs Payback Ufe 

Options1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 
Woste wtJter 

heot 8,560 5,570 23,840 0.4 20 
recovery 

1 .  These doto were token from the Enef!ly Analysis ond Diagnostic Center (EAD() doto bose. The frequency of imp�mentoflon for this meosure wos 48% .

Con6dence4 

H 

2. One example from the EADC doto bose to further clarify the costs is os follows: Sending compressor cooling wtJ!er to o bo�er feedwoter tonk resulted in enef!ly savings of 
37.2 MMBtufyr, woter sovings of 229,000 go�onsfyr (866,765 htms/yr) ond o cost sovings of $600/yr. The implementoflon cost WliS $1 ,000. The 3.8 MMBtu/h boiler 
produced steom ot 150 psig. lorger savings wtJuld result if lorger equipment were in use. 

3. The enef!ly cost sovings ore bosed on octuol dollar sovings os reported to EADC from the foc�ity. 
4. H stands for h�h.



I N D U S T R I A L  B R I E F # 1 8

WASTE HEAT RECOVERY 

• DESCRIPTION
For both sc:rew and reciprocating compressors, approximately 60% to 
90% of the energy of compression is available as heat, and only the 
remaining 1 0% to 40% is contained in the compressed oir. This waste 
heat may be used to offset spoce heating requirements in the facility 
or to supply heot to a process. The heat energy recovered from the 
compressor can be used for space heating during the heating season. 
The amount of heat energy that can be recovered is dependent on the 
size of the compressor ond the use factor. For this measure to be 
economically viable, the warm air should not have to be sent very far; 
that is, the compressor should be located near the heat thot is to be 
used . 

• DEFINITIONS AND TERMS
USE FAOOR The fraction of the yearly hours that the compressor is 
used . 

• APPLICABILITY
FAOUTY TYPE Any facility that uses on oir compressor and has o use 
for the waste heat. 

CUMATE Wherever space heating is required for o significant portion 
of the year. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation . 

• FOR MORE INFORMATION
Vorigos Research, Inc., Compressed Air Systems, A Guidebook on 
Energy and Cost Savings, Timonium, MD, 1984. 
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Table 1-21.  Waste Heat Recovery: Costs and Benefits 

Installed Energy Cost Sinple 
Costs Savilgs Savings Payback Ufe 

Options1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 
Waste 
Heat 1 ,420 280.3 1 ,290 1 . 1  20 

Recovery 

1 .  These datu were token from the Eneflly Analysis and Diagnosflc Center (EAD() dam base. The frequency of imp�mentoflon for this meosure was 63% . 

Confidence4 

H 

2. One example from the EADC datu base to further clarify the cos1s is os follows: The waste heat from o 1 50 hp screw compressor was used to heat o space in o lumber mill. The 
enellJy savings were 12 1  MM8tufyr, the cost savings were $2,730/yr, and the implementoflon cost was $67()-giving o simple payback of three months. 

3. The enellJy cost savings are based on actual cos1s os reported to the EADC from the facility. 
4. H stands far h�h. 



I N D U S T R I A l  B R I E F # 1 9

PRESSURE REDUCTION 

• DESCRIPTION 
Demand and energy savings can be realized by reducing the air 
pressure control setting on an air compressor. In many cases, the air is 
compressed to a higher pressure than the air-driven process equipment 
actual� requires. By determining the minimum required pressure, one 
may find that the pressure control selling on the compressor can be 
lowered. This is done by a simple adjustment of the pressure selling 
and applies to both screw and reciprocating compressors. The resulting 
demand and energy savings depend on the power rating of the 
compressor, the load factor, the use factor, the horsepower reduction 
factor, the current and proposed discharge pressures, the inlet pressure, 
and the type of compressor. This measure should only be considered 
when the operating pressure is greater than or equal to I 0 psi higher 
than what is required for the equipment (with exception to situations 
with extreme� long delivery lines or high line pressure drops) . 

• DEFINITIONS AND TERMS
POWER RATING The power indicated by the air compressor manu­
facturer-usually shown on the nameplate. 

POWER REDUOION FAOOR The ratio of the proposed power 
consumption to the current power consumption, based on operating 
pressure. 

INLET PRESSURE The air pressure otthe air intake to the compressor, 
usually local atmospheric pressure . 

• APPLICABILITY
FAOUTY TYPE Any facility that has on air compressor. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Slrategi: conservation. 
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• FOR MORE INFORMATION
Notional Tedmicol lnfonnotion Service, Compressed Air Systems, A 
Guidebook on Energy and Cost Savings, #OOf/CS/40520-12, Monh 
1984. 
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Table 1-2�. Pressure Reduction: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Optlons1 ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Pressure 
Reductkms 1, 120 22,150 1 , 100 1 .0 10 

1 .  These dato were token from the Enei!Jy Aoolysis and Diognoslic Center (EADC) dolo bose. The frequency of imp�mento1ion for this measure wos 55% .

Confidence4 

H 

2. One example from the EADC dato bose to further clarify the cosls is os fulklws: Reducing the oir pressure control seffing on o 7 5 hp air compressor from 1 15 psig to 100 psig 
resulted in energy savings of 22,500 kWh and cost savings of $1 , 1 80/yr. The implemenmfion cost wos $270, resulfing in o simple payback of three months. 

3. The enef!ly cost savings ore based on octuol costs os reported to the EADC from the fucifity. 
4. H stands for h�h. 



I N D U S T R I A L  B R I E F # 2 0

SCREW COMPRESSOR CONTROLS 

• DESCRIPTION 
Screw compressors may consume up to 80% of their rated power output 
when they are running at less than full capacity. This is because many 
screw compressors are controlled by closing a valve; the inlet throttling 
valve on a typical throttled-inlet, screw-type compressor is partially 
closed in response to a reduced air system demand. The pressure rise 
across the compression portion of the unit does not decrease to zero, 
and thus power is still required by the unit. Accordingly, an older unit 
will continue to operate at 80% to 90% and a new unit at40% to 60% 
of its full load capacity horsepower. When several screw-type air 
compressors are being used, it is more efficient to shut off the units 
based on decreasing load than to allow the units to idle, being careful 
not to exceed the maximum recommended starts/hour for the com· 
pressor. Modular systems that conserve energy by operating several 
small compressors that are brought on line as needed instead of 
operating one large compressor continuously are often found in retrofit 
and new installations . 

• DEFINITIONS AND TERMS
None . 

• APPLICABILITY 
FACILITY TYPE Any facility that has screw-type air compressors. 

CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation. 
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Table 1-23. Screw Compressor Controls: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options I ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Screw 
Compressor 2,300 75,100 3.750 0.6 1 0  

Controls 

1 .  These do1o were token from the Energy Analysis ond Diagnostic Center (EAD() dolo bose. The frequency of imp�mentotion for this measure wos 50%. 

Conftdence4 

H 

e; 2. One example from the EADC do1o bose to further clorify the cos15 is os follows: lnstol6ng controls on o 100 hp compressor resulted in energy savings of 128,600 kWh ond o cost 
savings of $6.750/yeor, ot on imp�mentotion cost of S 1,500. 

3. The energy cost savings ore bused on octuol cos15 os reported to the EADC from the focitlty. 
4. H stonds for h�h. 



I N D U S T R I A L  B R I E F # 2 1

COMPRESSOR REPLACEMENT 

• DESCRIPTION
It is often advantageous to install a smaller compressor to more closely 
match the compressed air requirements normal� met by oversized or 
large compressors, for processes that have periods of low compressed 
air usage. A smaller compressor will reduce energy usage and associ­
ated costs because the smaller compressor will operate at a better 
efficiency than the larger compressor when air requirements are low. 
Generally pre-19 7  5 stationary screw-type compressors, if oversized for 
the load, will run unloaded much ofthe time when the load is low. They 
are unloaded by closing the inlet valve and hence are referred to as 
modulating inlet type compressors. Based on manufacturers' data, 
these compressors can consume as much as 85% of the full load 
horsepower when running unloaded. Some pre- and post-1975 com­
pressor manufacturers have developed systems that close the inlet 
valve but also release the oil reservoir pressure and reduce oil flow to 
the compressor. Other strategies have also been developed but are not 
usually found on older (pre-1975) screw-type compressors. The un­
loaded horsepower for screw compressors operating with these types 
of systems typical� ranges from 80% to 90% of the full load horse­
power for older compressors and from 40% to 60% for newer compres­
sors, depending on the particular design and condmons. In any event, 
if the compressed air requirements are reduced during particular 
periods (such as on a third shift), but are not eliminated entire�, then 
installing a smaller compressor to provide the air requirements during 
these periods can be cost-effective . 

• DEFINITIONS AND TERMS
None 

• APPLICABILITY 
FACI LilY TYPE Any facility that has a screw compressor and in which 
there are time periods during which the compressed air requirements 
are low. 
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CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Slrategic conservation. 
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Table 1·24. Compressor Replacement: Costs and Benefits 

lnstallld Energy Cost Simple 
Costs SaviJgs Savilgs Payback Ufe 

Oplions1 ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Compressor 
Replacement 3,446 57,800 2,890 1.2 15 

1 .  These doto were token from the Energy Analysis and Diagnostic Cenrer (EADQ dolo bose. The frequency of imp�mentotion for this measure wos 62% . 

Confidence4 

H 

2 . One exam�e from the EADC doto bose to further clarify the cosls is os fulklws: A monufudurer of compurer peripheml equipment replaced a 200 hp oir compressor with o
75 hp oir compressor. The energy savings were $61 ,850 kWh ond the costsovings were $2,725/yeor. The inplementotion cosls were $4,000. 

3. The energy cost savings ore based on octuol cosls os reported to the EADC from the focitlty. 
4. H stands for h�h.



I N D U S T R I A L  B R I E F # 2 2

LOW-PRESSURE BLOWERS 

• DESCRIPTION
Compressed air is sometimes used to provide agitation of liquids, to 
control vibration units for material handling (as air lances), and for 
other low-pressure pneumatic mechanisms. For such purposes, it is 
more efficient to use a blower to provide the required low-pressure air 
stream. Use of low-pressure air from the blower would reduce energy 
consumption by eliminating the practice of compressing air and then 
expanding it back to low pressure for use . 

• DEFINITIONS AND TERMS
PLATING TANKS Tanks containing chemicals used in plating opera­
tions, such as chrome plating . 

• APPLICABILITY 
FAOUTY TYPE Any facility having plating tanks. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conserva­
tion and peak dipping. 
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Table 1·25. Low-Pressure Blowers: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Optionsl ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Low· 
Pressure 2,500 1 1 ,800 650 3.9 1 0  
Blowers 

1 . These dolo were token from the Energy Analysis and Diagnostic Center (EAD() dolo bose. The frequency of implementotion for this measure was 60% .

Confidence4 

2. One example from the EADC dolo bose to further clarify the cos1s is os folbws: A plating focmtv added o low pressure bbwer. The energy savings were $41,000 kWhfyr and 
the cost savings were $3,200/yeor. The implementation cost was $5,000. 

3. The energy cost savings ore based on actual cos1s os reported to the EADC from the facility. 
4. H stands for h�h. 



V. INSULATION 

There ore seveml opportunities in the industrial sector to reolize energy 
savings by installing insulation in manufacturing facilities. Good insulo­
Hon design and installation ore very importont in tenns of perfonnance 
and energy efficiency. It is importont to detennine the most appropriate 
type and thickness of insulation for specific applications. The most 
cost-effective approaches involve insulating pipes and tonks. These 
opportunities ore described in this section. 
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I N D U S T R I A L  B R I E F # 2 3

STEAM LINES AND HOT 
WATER PIPES 

• DESCRIPTION
Steam lines and hot water pipes should be insulated to prevent heat 
loss from the hot fluids. Recommended thickness for pipe insulation 
may be determined from the reference given below and from Table 1-
27 in this brief. The energy and cost savings depend on the size of the 
pipe (diameter and length of run), the temperatures of the fluids and 
the surroundings, the annual hours during which the pipes ore heated, 
the efficiency of the heat supply, the heat transfer coefficient, and the 
fraction of the year during which heat loss from the pipes does not 
contribute to space heating . 

• DEFINITIONS AND TERMS
HEAT TRANSFER COEFFICIENT A parameter used in determining 
heat loss . 

• APPLICABILITY
FAOLITY TYPE All facilities with uninsuloted steam and hot water 
systems. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic 
conservation . 

• FOR MORE INFORMATION
Kennedy, W. Jr., W.C. Turner, Energy Management, Prentice-Hall, Inc., 
Englewood Oiffs, NJ, 1 984, pp. 204-221 . 

1989 ASH RAE Handbook af Fundamentals, American Society of Heat­
ing, Refrigerating, and Air-Conditioning Engineers, Inc., Atlanta, GA, 
1 989. 
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Table 1·26. Steam Lines and Hot Water Pipes: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Optfonsl ($)2 (MMBtu/yr) ($/yr)l (yr) (yr) 

Steam Lines and 
HotWo1er 1 ,620 426.4 1 ,610 1 .0 10 

Pipes 

1 .  These dolo were token from the Energy Analysis and Diagnostic Cen1er (EAOC) dolo bose. The frequency of imp�menlotion for this measure wos 80%. 

Confidence4 

2. One example from the EADC dolo bose lo further clarify the costs is os follows: Insulating 500ft of condensa1e return pipes located throughout a plant having a 300 MM8tu/hr 
(300 hp) s1eom boiler resulted in energy savings of 370 MMBtu/yr and a cost savings of $960/yeor. The imp�mentation cost wos $1,920.

3. The energy cost savings ore bused on actual costs os reported 1o the EAOC from the facitlty. 
4. H stands for h�h. 



Table 1-27. Recommended Thickness of Pipe and Equipment Insulation* 

Process Temperature (°F) 

Nominal Pipe 150 250 350 450 550 650 750 850 950 1050 
Size (in) 

Thickness 1 1 1/2 2 2 1/2 3 1/2 4 4 4 1/2 5 5 1/2 
1 Heot loss 1 1  21 30 41 49 61 79 96 1 1 4  135 

Surface tempenrture 73 76 78 80 79 81 84 86 88 89 

� Thickness 1 2 2 1/2 3 4 4 4 5 1/2 5 1/2 6 
1 1/2 Heotloss 1 4  22 33 45 54 73 94 1 03 1 28 1 52 I 

Surface tempenrture 73 74 77 79 79 82 86 84 88 90 

Thickness 1 1/2 2 3 3 1/2 4 4 4 5 1/2 6 6 
2 Heot loss 1 3  25 24 47 61 81 1 05 1 14  137 1 68 

Surface tempenrture 7 1  75 75 77 79 83 87 85 87 9 1  

Thickness 1 1/2 2 1/2 3 1/2 4 4 4 1/2 4 1/2 6 6 1/2 7 
3 Heat loss 1 6  28 39 54 75 94 122 133 1 54 184 

Surface tempemture 72 74 75 77 81 83 87 86 87 90 



..... .., 

Thickness 1 1/2 3 4 4 4 5 5 1/2 6 7 7 1/2 
4 Heat loss 1 9  29 42 63 88 102 126 1 52 174 206 

Surface temperoture 72 73 74 78 82 86 85 87 88 90 

Thickness 2 3 4 4 4 1/2 5 5 1/2 6 1/2 7 1/2 8 
6 Heat loss 2 1  38 54 81 104 130 1 59 181 208 246 

Surface temperoture 71 74 75 79 82 84 87 - 88 89 9 1  

Thickness 2 3 1/2 4 4 5 5 5 1/2 7 8 8 1/2 
8 Heat loss 26 42 65 97 1 1 6  155 189 204 234 277 

Surface temperoture 7 1  73 76 80 81 86 89 88 89 92 

*Abstracted from 1989 ASHRAf Handbook of Fundamentals, American Society of Heating, Refrigerating and Air Condifloning Engineer5. The table � for mineral fiber insulaflon (fiber· 
glass and rock wool). In each row the thickness is expressed in inches, the heat loss in Btujhr·°F, and the surface temperoture in oF. 



I N D U S T R I A L  B R I E F # 2 4

CHILLED WATER PIPES 

• DESCRIPTION
Unes containing chilled water should be insulated to prevent conden­
sation and frost buildup on the lines and to prevent heat gain. 
Condensation will occur whenever moist air comes into contort with a 
surface that is at a temperature lower than the dewpoint of the vapor. 
In add�ion, heat gained by uninsulated chilled water lines can ad­
versely affect the efficiency of a cooling system . 

• DEFINITIONS AND TERMS
CHILLED WATER Water that is cooled by a chiller. It is usually used 
for process cooling in industrial applications . 

• APPLICABILITY
FAOUTY TYPE Any facil� having uninsulated chilled water lines. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation. 

• FOR MORE INFORMATION
Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for 
a complete list of present� operating EADCs. Contort the EADC Center 
nearest to your area. 
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Table 1-28. Chilled Water Pipes: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savitgs Savitgs Payback Ufe 

Options1 ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Ch�led 
Woter 970 1 6,400 850 1 .1 10  
Pipes 

1 .  These doto were taken from the Energy Analysis and Diagnosfic Center (EAO() data base. The frequency of implementafion for this measure was 52%. 

Confidence4 

2. One example from the EADC doto base to further clarify the costs is as follows: lnsulafing 250 It of cold pipe in a brewery resulted in energy SIIVings of 3,500 kWh/year and 
a cost SIIVings of $234/yr. The implemen1nfion costwos $1,200. 

3. The energy cost S!IVings are based on octuol costs os reported to the EADC from the facility. 
4. H stands for h�h.



I N D U S T R I A L  B R I E F # 2 5

HOT TANKS 

• DESCRIPTION
Often, tanks containing hot fluids in manufacturing operations lock 
adequate insulation. The tanks may be insulated with blanket type 
flexible fiberglass insulation (1 in. thick, l .S ib density) or rigid insu­
lation, depending on the type of tonk. The savings would increase as 
the boiler efficiency decreases. The savings would also increase as the 
temperature in the tonk increases . 

• DEFINITIONS AND TERMS
CONDENSATE The hot water that is the steam after it has cooled and 
consequently condensed . 

• APPLICABILITY 
FACIUTY TYPE All. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation. 
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Table 1-29. Hot Tanks 

lnst�led Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options1 ($)2 (MMBtu/yr) ($/yr)3 (yr) (yr) 

Hot 
Tonks 3,230 465.4 1 ,750 1 .84 lO 

1. These doto were token from the Energy Ano�sis and Diagnostic Center (EADO dolo bose. The frequency of imp�mentofion for this measure was 54%. 

Confidence4 

2. The cost of insulation is typically around $0.50/ftl. One exomp� from the EADC dolo bose 1o further cknify the cosls is as follows: lnsuloftng the manufacturing tonks in o food 
plant resulted in energy savings of 135 MMBIU/yr and cost savings of $470/yr. The implementofion costwos $1,090. The lonks hod o top oreo of 50 ft2 and side oreos of 
1 75 If and contoined flukls ot temperoiUres between 1 50°F and 230°F. The lonks were located in o room ot 70°F.

3. The energy cost savings ore based on actual costs os reported to the EADC from the fdty. 
4. H stands for h�h.



I N D U S T R I A L  B R I E F # 2 6

COLD TANKS 

• DESCRIPTION
Uninsuloted tonks containing cold fluids ore occosionol� found in 
oppicotions, such os chilled water tonks that ore located in oreos where 
there con be considerable heat goin through the tonk surfaces. If the 
oir surrounding the tonk is of o higher temperature thon that of the 
tonk, heat will be transferred to the contents of the tonk. By insulating 
these tonks, the heat transfer will be reduced ond the lood on the 
refrigeration system con be reduced, resulting in significant energy 
savings . 

• DEFINITIONS AND TERMS
COEFFIOENT OF PERFORMANCE (COP} The ratio between ther­
mo! energy out of ond elertrical energy into the system . 

• APPLICABILITY
FAOUTY TYPE Any fodlity having uninsuloted cold tonks ond signif­
icant operating hours. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation. 

• FOR MORE INFORMATION 
1989 ASH RAE Handbook of Fundamentals, American Sodety of Heat­
ing, Refrigerating, ond Air-Conditioning Engineers, Inc., Atbnto, GA. 
1989, Ch. 22. 
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Table. 1·30. Cold Tanks: Costs and Benefits � 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Optlons1 ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 

Cold 
Tanks 460 10,500 520 0.7 10 

1 .  These dllfo were token from the Energy Analysis and Diagnostic Center (EAOO dam bose. The frequency of implementotion for this measure wos 54%. 

Confidence4 

H 

2. One example from the EAOC dllfo bose to further dorify the cosls is os follows: The energy savings on a refr�eroffon system having a coefficient of performance of 2 and an
uninsulated chilled water tonk of 47 ft2 at a temperoture of 52°F in a room at 85°F would be over 2636 kWh/yr if the 1nnk were insulated with 1 in. of fiberglass. 

3. The energy cost savings are based on actuol cosls os reported to the EAOC from the facitlly. 
4. H stands for h�h. 



I N D U S T R I A L  B R I E F # 2 7

INJECTION MOLD BARRELS 

• DESCRIPTION
The barre� on injection molding machines are heated to a very high 
temperature so that the plastic will flow into the mold. The heat loss 
from the barre� contributes to the air conditioning load in the plant as 
well as increasing the energy required to keep the barrels hot. Rock 
wool blanket insulation is modespecificol� for this purpose and is easily 
removed a maintenance on the barrels is required. This measure is not 
recommended when Acrylo Nitrol Budodine (ABS) or Po� Vinyl Chlo­
ride (PVC) plastics ore being molded because the shear forces generate 
so much heat that cooling is required . 

• DEFINITIONS AND TERMS
BARRELS The portion of on injection molding machine through which 
the molten plastic is forced by the piston . 

• APPLICABILITY 
FACIUTY TYPE Any injection molding focil!ty. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservofion. 
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Table 1·31. 1njection Mold Barrels: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savings Payback Ufe 

Options I ($)2 (kWh/yr) ($/yr)3 (yr) (yr) 
Injection 
Mold 4,033 54,900 2,700 1.5 5 
Barrels 

1 .  These dolo were token from the Energy Analysis and Oiognosffc Cenler (EAO(} dolo bose. The frequency of implemerrtoffon for this measure wos 30%. 

Confidence4 

M 

2. One example from the EAOC dolo bose to further clarify the cosls is os folbws: lnsuloffng the barrels on nine molding machines ranging in size from 25 tons to 71 6 tons 
resulled in energy savings of 15,000 kWh and o cost savings of $1,700/yeor. The implemenloffon cost wos $3,1 00. 

3. The energy cost savings ore based on actual cosls os reported 1o the EADC from the focitlty. 
4. M stands for medium. 



I N D U S T R I A L  B R I E F # 2 8

DOCK DOORS 

• DESCRIPTION
Uninsulated dock doors con be a source of significant heat loss in 
manufacturing facilities. The doors con often be insulated by installing 
styrofoam or fiberglass in the door panels. The savings depend on the 
size of the doors, the efficiency of the heating system, the R-volues of 
the insulated and uninsuloted doors, and the number of degree heating 
hours per year . 

• DEFINI TIONS AND TERMS
DEGREE HEATING HOURS A measure relating ambient tempera­
ture to heating energy required. If the outside temperature is 1 degree 
below the bose temperature in the plant for 1 hour then that represents 
1 degree heating hour. 

R·VALUE Measure of resistance to heat transfer h - ft2 - °F I Btu 

• APPLICABILITY
FACILITY TYPE All facilities with overhead doors. 

CLIMATE Any climate in which heating is required. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation . 

• FOR MORE INFORMATION
1989 ASH RAE Handbook of Fundamentals, American Society of Heat­
ing, Refrigerating, and Air-Conditioning Engineers, Inc., Adonia, GA. 

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for 
a complete list of present� opemting EADCs. Contact the EADC center 
nearest to your area. 
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Table t-32. Dock Doors: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savings Payback Ufe 

Options' ($)7 (MMBtu/yr) ($/yr)3 (yr) (yr) 

Dock .. 
Doo� 1,300 1 99.1 667 2 10 

1 .  These dolo were token from the Energy Ano�sis ond Diognosffc Cenler (EADO datu bose. The frequency of imp�mentotion for this measure wos 54%. 

Confidence• 

M 

e;: 2. One example from the EADC dolo bose to further clarify the cos1s is os folbws: Placing 1 in. of polystyrene on on uninsuloted dock door of opproximolely 1 50 ft2 resulled in on
energy savings of 4 MMBtu/yeorin the Denver, CO oreo. This ossumesthotthe door is open 20% of the fime. The cost for moleriols is obout$0.50/ft2 and $0.75/fr for the 
installation. 

3. The energy cost savings ore bused on octuol cos1s os reported tu the EADC from the fdrty. 
4. M stands for medium. 



VI. INDUSTRIAL PROCESS HEAT RECOVERY 

lndustriol process heot is the thennol energy needed for the treatment 
and preparation of manufactured goods. Process heating applications 
require more than half of the tom I energy consumed by industry, yet on 
esffmoted 25% to 50% of this process heating energy is discharged os 
exhaust gases or wos1e liquids ranging in temperature from l 00°F to 
2,000°F. The otherwise wos1ed energy con be reused by way of wos1e 
heat recovery systems-systems that transfer heat from o h�h­
temperature woste heat source to o lower temperature process sup�y 
source. 

Combustion-equipment exhausts ore the most plentiful source of wos1e 
heat in industry. Other typical heat sources include wonn woste woter 
from industrial processes and equipment cooling, return and exhaust air 
from venh1ation systems, and woste s1eom and other hot wos1e process 
vapors. Heat recovery from these and other sources is typically used to 
preheat combustion air for boilers, furnaces, ov� or kl1ns; 1u preheot 
boiler feedwoter; to preheat venh1offon air; or 1o use directly in the 
industrial process. 

Waste heat recovery equipment is commerdolly ovoUoble for both 
installation into existing industrial process systems and for installation 
during new construction. Implementation of such systems has helped 
industry to improve the efficiency of its process heating systems, reduce 
pt�chosed energy costs, and decrease the life.qde costs of its process 
heating equipment. In mony cases, the initial cost of heat recovery 
systems varies on� sl�h� from the initial cost of nonrecovery systems, 
especially in larger projects. 

Industrial process heot recovery systems which ore discussed in this 
section include wos1e heot recovery heat exchangers, wos1e heot 
recovery boilers, industrial process heat pumps, and cogeneration. 
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I N D U S T R I A L  B R I E F  # 2 9

INDUSTRIAL PROCESS HEAT 
EXCHANGERS 

• DESCRIPTION
Heat exchangers transfer heat from o high-temperature fluid to o 
low-temperoture fluid. Industrial heot exchangers usually serve two 
functions: to cool 0 hot waste stream and to heat 0 cool process stream. 
Heat exchanger systems ore general� simple-with few components 
and almost no moving ports. Equipment for these systems is com mer­
ciol� ovoiloble, both os packaged units and for custom-designed oppli­
cotions. Confidence in the technology results from its familiarity to 
industry and to designers and installers. Most importantly, heat ex­
changers reduce the amount of energy consumed for industrial heating 
processes. Process heat energy reduction of 20% is not uncommon oher 
the installation of industrial heat exchanger equipment. 

Heat exchangers ore categorized into two groups: regenerative and 
recuperative heat exchangers. Regenerative heot exchangers alter­
notely store and transfer heat between hot and cold air streams. The 
most common type of regenerative heat exchanger is the rotary or heot 
wheel heat exchanger. Recuperotors directly transfer heat between two 
fluid streams seporoted by o heot transfer surface. Common recupera­
tive heot exchangers ore known as either tubular recuperotors (such as 
the shell-in-tube or the finned-tube heat exchangers) or plate recuper­
otors (sud! os the oir-to-ilir plate heot exchanger or the liquid-to-liquid 
plote-and-frome heot exchanger). 

Heat-pipe heat exchangers and economizers ore also found in industry . 

• DEFINITIONS AND TERMS
ROTARY OR HEAT WHEEL HEAT EXCHANGERS Heat exchangers 
thot transfer heat by continuous� rotating o matrix (usual� a close� 
knitted metal mesh or a desiccant-impregnated [drying agent] material 
used to temporarily store heat) through adjacent hot and cold fluid 
streams. As the matrix rotates, heat is removed from the hot stream, 
stored in the matrix, and then transferred to the cold stream. 
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SHELL-AND-TUBE HEAT EXCHANGERS Heat exchangers con­
structed of concentric tubes through which heat is transferred between 
a fluid flowing in the shell and o second fluid of a differenttemperature 
flowing through the tubes. 

FINNED-TUBE HEAT EXCHANGERS A bundle of tubes with fins 
welded or otherwise attached to the outside of the tubes. The fins 
increase the heot exchange surface area, which increases the effective­
ness of the heot exchanger. Rnned-tube heat exchangers that tolerate 
corrosive liquids and gases are available. 

PLATE HEAT EXCHANGERS Stacks of thin plates separated by 
plate-like fins that form exhaust and supp� oir flow passages. These 
heat exchangers are hght-weight, simple, rehable, ond durable. 

PLATE-AND-FRAME HEAT EXCHANGERS Heat exchangers that 
transfer heot between two liquid streams. The plates are designed so 
tho! when they are stocked and gasketed together, chonnek are created 
for the counterflow of o hot waste heot stream ond a cool process supply 
stream. This type of heat exchanger is attractive because it is compact, 
relatively easy to clean, and copoble of handling o wide variety of 
industrial fluids. 

HEAT-PIPE HEAT EXCHANGERS A bundle of sealed tubes contain­
ing a refrigerant installed between 0 hot and 0 cold air stream. As worm 
air posses over the tubes, heat is transferred to the refrigerant, ond the 
refrigerant is vaporized. The vaporized refrigerant condenses bock to 
o liquid and releases heot as cool air passes over the opposite end of 
the bundle. Umitations to heot-pipe heot recovery systems ore tho! 
there are relatively few commercial suppliers, ond the systems ore 
generally more expensive than other heat recovery systems. 

ECONOMIZER Economizers, usually o finned-tube heat exchanger, 
are typically installed into boiler exhaust streams whose temperatures 
are less than 800°E Economizers ore copoble of increasing boiler 
efficiency up to 1 0%. 
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EFFECTIVENESS A meosure of heot exchanger performance that is 
the ratio ofthe amount of heat transferred to the theoretical moximum 
amount of heat that could be transferred . 

• APPLICABILITY
PROCESS TYPE Applicable to processes that simultaneously deliver 
waste heat and demand a heat source at a constant rote (i.e., preheat 
boiler, furnace, or kiln air). The waste heat source must also be near 
the process in need of the heat. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservo· 
lion, peak clipping. 

· 

• FOR MORE INFORMATION
Thanos, P., F.W. Payne, eds., "Waste Heot Recovery Applications," 
Integration of Efficient Design Technologies, The Association of Energy 
Engineers, The Fairmont Press, Inc., Uburn, GA, 1 988. 

Goldstick, R., A. Thumann, Principles of Woste Heot Recovery, The 
Fairmont Press, Inc., Adonia, GA, 1 986. 
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Table 1·33. Heat Exchanger Comparison 

Type of Heat EWJCiency Equipment 'Size Temperature 
Exchanger Range1 (%) Range2 Range (F) Possible Applkations 

Rotary Wheel 50 to 80 50 to 70,000 cfm -70 to +1 ,500 heating or cooling venfi�fion air when �rge oir changes are required (i.e., 30 air 
changes per hour), process heat recovery in low and modemre temperature 
ranges such as for preheating air to drying ovens or boilers 

Shell and Tube 50 to 90 0.5 to 50 gpm up to 1 ,000 tmnsfer heat from condensates (i.e., refngeration ond oir condifioning systems 
(through tube) and process sream systems), transfer heat from coolants (i.e., engines, air com-

..0 pressors, machinery lubncants) 0 

Finned Tube 50 to 90 0.5 to 50 gpm no moximum hoofing boiler feedwarer, process liquid heafing, hot water space heofing systems 
(through tube) 

Plote 50 to 80 25 to 1 0,000 no maximum recovering heot from exhaust gases such as from ovens, furnaces, and incinero-
tors to preheat process or combusfion air to these and other equipment 

Plote and Fmme 60 to 90 up to 1 6,000 gpm -300 to t400 recovering heat from exhaust gases such as from ovens, furnaces, and incinero-
tors to preheat process or combusfion air to these and other equipment 



Heat Pipe 45 to 65 lOO and up -40 to t95 process or space air heating and cooling; extruding heat from boiler, oven, fur· 
nace, and kiln exhaust to preheat air to these and other process equipment 

Economizer 50 to 90 0.5 to 50 gpm up to BOO tronsfer heat from a boiler exhaust stream to the boiler feedwater only 
(through tube) 

1 .  Effkiency depends on heat exchanger size, rate of fluid passage, and the heat exchanger condition. 
2. Equipment size in terms of airflow (elm) or liquid flow (gpm).
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I N D U S T R I A L  B R I E F # 3 0

WASTE HEAT RECOVERY BOILERS 

• DESCRIPTION
Waste heat recovery boders use waste heat from industrial gases to 
produce steam, replacing some or all of the purchased combustion fuek 
normally consumed to fire boilers. The most common heat source for 
waste heat recovery boilers is from gas turbine exhaust. Other waste 
heat sources include furnace, kiln, reador, and incinerator exhaust 
streams. Waste gas streams between 500° and 2,000°F and with flow 
rates of less than I 000 cfrn up to nearly a million cfrn are used by 
commercially available waste heat recovery boilers to generate steam. 
These boilers are capable of producing steam from as low as 
1,000 lb/hr up to hundreds of thousands lb/hr, depending on the 
temperature and flow rate of the waste gases entering the boiler and 
on the boiler efficiency. 

Waste heat recovery boders are either fire-tube or water-tube type 
boilers. Hot exhaust gases circulate through tubes surrounded by water 
in fire-tube boilers. Heat is transferred through the tubes to heat the 
water or produce steam. Water-tube boilers consist of water circulating 
through tubes surrounded by hot exhaust gases. The water in the tubes 
is heated or converted into steam as heat is transferred from the hot 
exhaust gases to the water. Fire-tube bodersare commercial� available 
for steam production capacities below 60,000 lb/h, and water-tube 
boilers are available for steam production capacities of up to 
200,000 lb/h. 

Waste heat recovery boilers are a common method of waste heat 
recovery in industry. The technology is familiar to industry, system 
designers, and equipment suppliers. Waste heat recovery boilers are 
also used by utibties to reuse the heat from turbine exhausts. Boilers 
used by utt1ilies are most often custom designed water-tube boilers with 
steam generating capacities of up to I 0,000,000 lb/h. 

Three types of waste heat recovery boders are commercially available: 
unfired heat recovery steam generators (HRSGs); supplementally fired 
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HRSGs; ond fully fired HRSGs. These boilers ore fire tube or water tube 
depending on the process steam requirements ond the ovoiloble waste 
heot. Waste heat rec:overy boilers in general moy be beneficial to on 
industry or o utility for both retrofit ond new construction applications . 

• DEFINITIONS AND TERMS
HRSG Heot Recovery Steam Generator 

UNFIRED HRSG Unfired HRSGs use on� the heot ovoiloble from on 
exhaust stream to produce steam. These boilers ore copoble of recov­
ering approximate� 75% of the heat from on exhaust stream ond ore 
copoble of producing steam between 50 psig ot 212°F ond 1000 psig 
ot 900°F. The disodvontoge of this boiler type is thot � cannot easily 
respond to the changing process steam demands. 

SUPPLEMENTALLY FIRED HRSG Supplemental� fired HRSGs use 
o hot waste exhaust stream thot is mixed with enough odd�ionol oir 
to fire o conventional fuel (usual� noturol gos, oil, or cool). The high 
temperature of the waste stream increases the temperature of the 
combustion oir, which in turn increases the efficiency of the HRSG. Fuel 
consumption is normally 1 0% to 20% less thon thot required by o 
non-waste heot rec:overy boiler under the some condmons. Commer­
ciolly ovoiloble supplementolly fired HRSGs ore copoble of producing 
steam between 600 psig ond 1 ,500 psig. Gos turbines ore the principal 
woSie heot source for this type of boiler in present industrial op�icolions. 

FULLY FIRED HRSG Ful� fired HRSGs use only o hot exhaust stream 
to accommodate fuel combustion requirements of the boiler. The 
exhaust stream, usually from o gos turbine exhaust, must contain 
sufficient oxygen to allow for proper combustion of the fuel. Fully fired 
HRSGs con be six to seven times more efficient thon the unfired HRSG 
described above. There ore few applications of ful� fired HRSGs in 
industry bec:ouse when com pored to the unfired or supplementolly fired 
HRSGs, the initial cost of fully fired HRSGs is very high ond the poybock 
period is long. 
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• APPLICABILITY 
PROCESS TYPE Waste heat recovery boilers are most applicable to 
processes which ore capable of supp�ing a constant waste heot stream 
of over 500°F and which ore able to reuse the heat near to the waste 
heat source. It is ako important thot the waste heot is available at the 
some time that there is a demand for the heat. 

CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservo· 
tion, peak clipping . 

• FOR MORE INFORMATION
Goldstick, R., A. Thumann, Principles of Waste Heat Recovery, The 
Fairmont Press, Inc., Atlanta, GA, 1 986. 

Gonopothy, V., "HRSG Feotures and Applications," Heating/Piping/Air 
Conditioning, Vol. 61, no. 1 ,  January 1 989. 
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Table 1·34. Waste Heat Recovery Boilers: Costs and Benefits 

Natural 
Eqlipment Gas Energy Cast . Simple 

Costs Savings Savings Payback Ufe 
Options1 ($) (MMBtu/yr) ($/yr)2 (yr) (yr) Confidence:' 

HRSG 525,000 1 1,400 30,552 1 7.1 20 

� l . The costs ond savings for waste heat recovery baler instollotion is unique to eoch application. The example given in this table is based on on overoge cost of $7/1,000 lb 
capacity of o supplementolly fired, water-tube steam boiler which has on onnuol fuel consumption savings of 15% when compared to o conventional steam boiler with simi�r 
chorocteristics. The waste heat recovery boiler is assumed to hove o capacity of 75,000 lbjh for 1 50 psig saturated steam, operoting 7,200 h/yr. 

2. Based on $2.68/1,000 ft3 jhr of noturol gas. Electrical requiremen1s assumed to be simi�r between Heat Recovery Steam Generotor (HRSG) ond gosjoil fired steam boilers. 
3. L stonds for �w. 



I N D U S T R I A L  B R I E F # 3 1

COGENERATION 

• DESCRIPTION
Cogeneration is the use of one energy source to provide both heot ond 
power simuhoneous�. Cogenerotion systems re� on the energy 
source-typical� noturol gos, oil, or cool-to produce process steam 
or hot water ond to produce electricity. Industrial cogenerotion systems 
ore usually Iorge scale, copoble of providing 2 MW or more of power. 

To dote, most cogeneration systems hove been built in energy-intensive 
industries: pulp ond paper, chemical, petroleum, food, ond primary 
metals industries. The paper industry is the leading cogeneroted power 
user in the Unfted Stoles, generating about one third of the notion's 
installed copocity. Potential cogeneration growth in the chemical ond 
petroleum industries is high because of the high process temperature 
requirements of both industries. Food processing industries whose 
thermal needs ore not seosonol con benefu from cogeneration, such os 
the distilled beverage industry. The primary limft for cogenerotion 
systems in the food ond kindred products industry is the seosonol steam 
demand of mony processes, which results in o low thermal demand. 
Primary metok industries, such os the aluminum industry, will continue 
to depend on high thermal energy processes in the future, keeping the 
options open for new cogeneration systems. 

The prime mover of o cogeneration system is the system component 
thot consumes fuel or thermal energy (steam) to produce electricity 
ond deliver waste heot to (or receive waste heot from) the industrial 
process. Typical prime movers of industrial cogeneration systems in· 
dude the reciprocating engine, the combustion or gos turbine engine, 
ond the steam generator. Reciprocating engines for industrial 
cogeneration systems ore copoble of meeting port lood demands while 
continuing to operate ot high efficiencies. Industrial cogeneration 
systems producing hot water (l 80°F) or low-pressure steam (1 5 psig) 
tend to use reciprocating engines os the prime mover. Higher pressure 
steam (up to 1 25 psig) con be produced if heot recovery from the 
engine exhaust is used. 
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The combustion or gos turbine is probob� the most common prime 
mover for industrial cogeneration systems because of its high thermo­
dynamic efficiency, high exhaust temperature (900°F to 1 1  00°F), 
Iorge ronge of copocities commercially ovoiloble (0.5 MW to 
1 50+ MW), ond its relatively low capitol cost. Due to the combustion 
or gos turbine engine's poor p�rt lood performance, it is mostopplicoble 
to processes choroderized by steody steom loods. 

Cogeneration systems using steom turbines ore typically used for Iorge 
installations where the steom demond is constant. Steom produced in 
o boiler posses through o turbine generator to produce electricity. The 
lower temperature thermal energy is then consumed by the industrial 
process. 

Industrial cogeneration systems fueled by biomass ond fuel eel� ore 
beginning to be implemented in newsystems. lnformotion on these two 
fuel sources con be found in brief#2 ond brief#12, respectively, ofthe 
DSM Pocket Guideboo� Volume 5: Renewables for Utility Supply and 
Demand-Side Management. 

Cogeneration systems ore classified as topping or bottoming cycles. 
Topping cycle systems produce electricity first, and the excess thermal 
energy (usual� steom or hot water) is used in the industrial process. 
Most industrial cogeneration systems ore topping cycles. Bottoming 
cycle systems produce thermal energy (usually steam) for a process 
heating application, such as for high-temperature furnaces or kilns, ond 
offer the process needs have been met, electricity is produced using the 
excess thermal energy. 

Factors most affecting cogeneration development in the neor future 
ore the flexibility to meet part lood requirements of the process, the 
ability to remain below the emission limits OS determined by the Oean 
Air Ad, the difference in conventional energy prices, and fedeml and 
state lox incentives to help industry justify the high initial costs of 
cogenemtion systems. Utility support of cogeneration most ofren occurs 
when the utility is foced with increasing electrical demands which could 
eventual� exceed its power generating capabilities. 
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• DEFINITIONS AND TERMS
CAPACITY The maximum electrical and process heat loads that the 
cogeneroflon system is designed to meet. 

TOTAL EFFIOENCY The ratio of the system electrical output plus 
thermal heat uh1ized, to the energy input . 

• APPLICABILITY
PROCESS TYPE Most applicable to industrial processes that require 
o steady steam or hot water load or that produce high-temperature 
woste heat. 

CUMAn AII. 

LOCATION Cogeneration systems ore beneficial to industries in areas 
of high electric uh1ity rates and low fuel costs, and ore benefidol to 
utilities which ore seeking opportunities to defer copodty expansion. 

DEMAND-SIDE MANAGEMENT STRATEGY Peak dipping . 

• FOR MORE INFORMATION
Didcenson, R.L, S.A. Vojloso, N. Korens, Future Cogeneration Techno� 
ogies, Electric Power Research Institute report CU-6795, Polo Ako, CA, 
Moy 1990. 

Cohfornio Energy Commission, Appendix A Volume II: Detailed Electric 
Generation Technology Evaluations, Energy Technology Status Report, 
P500-90-003A, Saomento, CA ,  June 1991. 
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Table 1
.
·35. Cogeneration: Costs and Benefits 

Thermal Eledrkal 
s,stem O&M Energy Energy Cast Sinple 
Cost Cost Sovii!!JS Savin�s Sovilgs P61iock 

Options' ($)' ($/yr)' (kWh/yr)• ($/yr ' ($/yr) yr) Ufe Con6dence• 

Cogeneration 3,000,000 1 , 142,500 388,800 25,497,500 2,285,800 2.62 20 M 

1 .  Cogenerotion system cosls and savings ore extremely site specific. The numbers in this table represent a 2.8 MW, gos turbine, topping cycle cogenerotion system. All costs ore 
based on 1991 dollars. Source: Engineering Economics, Inc., Golden, CO. 

2. Installed cost. 
3. Annual operoting and maintenance cost including cost of fuel. 
4. Actual savings for the system described in footnote 1 , when compared to the cost of buying power and generating steam prior to installing the cogenemtion system. 
5. Cost savings include both thermal and electrical energy savings. Thermal savings ore based on $2.60/MMBtuh ond the electrkol savings ore based on $0.05/kWh. 
6. M stands for medium. 



I N D U S T R I A L  B R I E F # 3 2

INDUSTRIAL PROCESS HEAT PUMPS 

• DESCRIPTION 
Industrial process heat pumps extrad heat from one source and deliver 
it to a second source, much the some as residential and commercial 
heat pumps (refer to Brief #9, •Residentioi Technologies•, OSM Pocket 
Guidebook, Volume 1: Residential Technologies, and Brief #9, •com­
mercial Technologies•, OSM Pocket Guidebook, Volume 2: Commercial 
Technologies). Industrial process heat pumps differ in that they ore 
nonreversible; they are capable of transferring heat in on� one 
direction. 

Industrial heat pumps •lift• heat from a low-temperature source, 
increase the temperature, and then deliver the he otto a process stream. 
For example, on industrial heat pump may be designed to extrod heat 
from a 1 00°F waste heat source and deliver heat at 300°F to a process 
stream. The primary energy requirements for a process ore reduced 
with the implementation of a heat pump, leading to lower process 
operating costs. The need for additional boiler capacity is also conse­
quent� reduced, as ore combustion-gas emissions within the plant. 

Industrial heat pumps ore categorized into three groups; closed, open, 
or semi-open cycle. Oosed cycle systems use a separate working fluid 
to transfer heat between process streams. The working fluid, typically 
steam or a refrigerant such as Freon or ammonia, extracts and releases 
heat as it alternates between a vapor and a liquid in the heat pump 
cycle. In most closed cycle systems, a compressor increases the pressure 
and temperature of the vapor before it releases the heat as it is 
condensed bock into a liquid. Oosed cycle systems ore also sometimes 
used for industrial cooling applications. Heat is removed from a process 
as a working fluid in the liquid state absorbs heat and vaporizes. Closed 
cycle systems ore normal� needed when the waste and process streams 
must be isolated from one another or when either stream contains 
contaminants that would foul a heat pump system. These systems ore 
also applicable to situations where the waste heat source and the 
process stream ore not near to one another in the plant. 
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Open cycle systems compress waste process vapors to increase the 
temperature and then reuse the higher temperature vapors direct� in 
the process. Steam or other process vapors may be used � the vapors 
ore relative� clean and will not foul the heat pump components. Open 
cycle systems may be used to recover gaseous solvents contained in 
industrial vapors or to. increase the quality of waste steam for reuse 
elsewhere in the process. 

Semi-ilpen cycle systems vaporize a process fluid using waste heat. The 
vapor is then compressed to elevate its temperature before it is returned 
to the process. Semi-open cycle systems isolate the waste heat source 
from the process stream, similar to the closed cycle systems. These 
systems ore common� used for recovering heat from contaminated 
waste streams. 

Industrial process heat pumps ore also categorized as mechanical or 
chemical and as electric or heat (steam) driven. Mechanical heat pumps 
depend on a compressor to increase the temperature and pressure of 
a vapor in order to "lift" heat from a waste stream. Chemical heat 
pumps do not hove a compressor but instead condense vaporized 
refrigerant in a concentrated soh solution (heat is released) and then 
pressurize the solution to a vapor (heat is absorbed). Chemical heat 
pumps ore most often used for industrial cooling applications. 

Industrial heat pumps ore often integrated into existing manufacturing 
processes. Because each industrial heat pump application is site spelific, 
a detailed ono�sis of the process is necessary for all retrofit and new 
construction applications in order to determine the most efficient means 
of transferring heat. The high cost of this ono�sis, as well as the cost 
of the system design, often causes potential users to shy away from the 
technology, especially if the cost of energy is relatively low at the time . 

• DEFINITIONS AND TERMS
COEFFICIENT OF PERFORMANCE (COP) A measure of heat pump 
performance. It is the ratio of the useful energy out of the system to 
the required energy into the system. Industrial heat pump COPs range 
from four (for some closed cycle heat pump systems) to 30 (for some 
open cycle heat pump systems). High COPs ore desired. 
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un The difference in temperature that a heat pump is capable of
delivering. Far example, an industrial heat pump that can extract heat 
from a I 00°F waste heat source and furnish heat at 300°F to process 
or boiler make-up water would have a lift of 200°F. Heat pumps found 
in today's industry typical� have lifts of up to 300°F for closed cycle 
systems and 60°F for semi-open and open cycle systems . 

• APPLICABILITY 
PROCESS TYPE Industrial process heat pumps are best suited for 
processes with a continuous waste heat source and process heat need. 

CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Load shifting, valley 
filling . 

• FOR MORE INFORMATION 
Heat Pumps far Industry, Take Another Look Chapter 3, 
DOf/CHI 0093- 1 14, National Renewable Energy Laboratory, Golden, 
CO, September 1 991 .  

Pucciano, FJ., ''The Utility's Role in the Industrial Application of Applied 
Heat Pumps," ASHRAETransadions, 1987, Vol. 93, port I, The Amer­
ican Society of Heating, Refrigerating and Air Conditioning Engineers, 
Inc., ·Atlanta, GA, 1 987. 
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Table 1-36. Industrial Process Heat Pumps: Costs and Benefits 1 

lnstaled Energy Cost Simfae 
Cost Savings Savin,s Pal ack

System2 ($) (MMBtu/h) ($/yr 3 yr) Confidence4 

1 1,376 45.2 500 2.8 M 
2 2,230 98.5 1,300 1 .7 M 
3 1,084 63.5 1,300 0.8 M 
4 1,638 72.3 1,000 1.6 M 

1. lnformoffon for this !oble is referenced from HeotPumps for lndusfly, Take Another Look, Chapter 3, Noffonol Renewable Energy laboratory, Golden, CO, September 1991. 
2. The systems represented in this table depict individual case studies. System descriptions ore os follows: 

System 1: Two open cycle heat pumps were added to on exisflng petroleum refinery. The heat pumps eliminated the need for one gos·fired heater. Electricity consumpflon 
increased sl�htly (2.4%) ond the net fuel consumpflon (primoray noturol gos) decreased by 44%. 
System 2: Two open cycle heat pumps were added lo on exisffng rubber plant process. One heat pump produced steam to be used directly by the process. The other heat pump 
compressed process vapors in order to heat boiler feedwater. Electricity consumption increased by less than 5% ond the net fuel consumpflon (primarily cool) docreosed by 59%. 
System 3: One open cycle heat pl.lllp wos added to on existing pulp ond paper process. 8olerfeedwoter is heated by steam produced from waste heat in the heat pump cycle. 
Electricity consumpffon increased by less than 1 %  ond the net fuel consumpffon (primarily noturol gos) decreased by 14%. 
System 4: One open cycle heat pump was added to on existing wel1:orrHJ1illing process. The new heat pump wos added to oid in the evoporoffon process. The net fuel 
consumpflon (primarily cool ond noturol gas) docreosed by 33%. 

3. Cost savings were esffmoted based on the installed costs ond the simple poybock. 
4. M stands for medium. 



VII. SOlAR ENERGY

Almost all industry requires some form of priKeSS heat for the 
treatment and preparation of ils manufactured goods. More than 
half of the total energy consumed by industry is for process heating 
appkcotions. Approximate� 90% of these process heating needs 
are met through the consumption of fOSSI1 fuels. Using present-day 
technology, one-third to one-half of the U.S. industry's process 
heating requiremenls could potential� be met by solar energy. 

Solar energy industrial applications range from process water and 
air preheating to the dired use of solar-generated steam and 
contaminant removal from industrial process wastewater or 
groundwater contaminated by industrial priKesses. Solar energy 
may be used as it is collected during the day or stored to use during 
nighttime or doudy periods. Because solar industrial priKeSS heat 
systems can be designed to match the temperature needs of the 
priKess and because industrial process loods often occur during the 
day and are constant throughout the year, solar industrial process 
heating systems can be viable alternatives to fossil fuel systems. 

Solar energy systems reviewed in this sedion include solar indus­
trial process heating systems, solar preheated ventJ1ation and 
process air systems, and solar photocata� water detoxification 
systems. Passive solar budding design for industrial buildings is very 
similar to commercial building design (refer to Brief tfl., "Passive 
Solar Design," in the OSM Poclcet Guidebook, Volume 2: Commer-
cial Technologies). 

· 
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I N D U S T R I A L  B R I E F # 3 3

SOLAR INDUSTRIAL PROCESS 
HEATING 

• DESCRIPTION
Current�, almost any industrial plant in a reasonably sunny area and 
requiring heated air or water can benefit from using solar heating 
systems to reduce its peak energy demand, reduce the quantity of fossil 
fuels required for process heating, and/or reduce air emissions. Indus­
tries that consume the majority of process heat are the food, textile, 
chemical, pulp and paper, petroleum, stone/ glass, and primary metals 
industries. 

Solar industrial process heat systems available today include flat plate 
collectors for low-temperature applicotians (less than 200°F) and par­
abohc trough collectors, evacuated tube, and combined parabohc con­
centrators for low-to-intermediate-temperature applications (up to 
600°F). Refer to Agures 1-2, 1-3, 1-4, 1-5, and 1-6 for schematic diagrams 
of these four collector types. 

Parabolic trough, evacuated tube, or combined parabolic concentrator 
collectors are capable of producing the temperatures necessary for 
steam generation. There are three types of solar steam generation 
systems: flash steam, unfired boiler, and direct steam generation. Aash 
steam systems heat pressurized water passing through the collector field 
and then flash the hot fluid to steam as it passes through a throttling 
valve. Unfired boiler systems circulate a heat transfer fluid through the 
collector system and then through heat exchangers in order to transfer 
heat to water and produce steam. Direct steam generation systems allow 
water to boil in the collectors and then distribute the steam directly to 
the industrial process. The direct steam generation systems are new and 
have not yet been installed in an industrial process. 

Solar industrial process heat systems are usual� supplemented by a 
fossil fuel system or a process heat storage system to ensure an 
uninterrupted supp� of process heat. Solid materials such as rock, sond, 
brick, cost iron, or magnesium oxide are used to store heat from an air 
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collector system. Lorge volumes ore required for this type of heat 
storage. Uquid storage media for temperatures above 2l2°F ore most 
often organic oik, moken salts, or liquid metals. Water has the highest 
storage capacity, lowest cost, and is the medium of choice for storage 
temperatures below 2l2°F. Pressurized water tanks ore required for 
water storage of temperatures above 2l2°F. 

The simplest solar industrial process heat system is that in which the 
solar collector system provides preheated air, water, or steam to the 
process, and no storage is involved. This system allows the solar 
collector system to operate at its lowest possible temperature, which 
results in the highest possible efficiency . 

• DEFINITIONS AND TERMS
FlAT PlATE SOLAR COLLEOOR Aat plate solar collector systems 
ore capable of collecting both direct and diffuse solar radiation, lock 
moving ports, and ore suitable for roof mounting (Agure 1-2). These 
systems ore designed to operate with air or liquid as the working fluid. 
Solar heated air may be supplied direct� to the process, such as for 
drying, or may be used as preheated air for o higher temperature 
process. A new type of flat plate solar collector for once-through air 
heating is beginning to be used for industrial space heating. These high 
efficiency collectors ore discussed in brief #34 of this guidebook. 
Collectors that use o liquid as o working fluid ore well suited for heating 
low-temperature process water, but antifreeze or other freeze protec­
tion is required in most c�motes. These collectors must also include o 
heat exchanger if the working fluid is not used direct� by the process. 

PARABOLIC TROUGH SOlAR COLUOOR Parabolic trough solar 
collectors hove on absorber pipe mounted at the focal point of o 
parabolic reflector (Agure 1-3). A working fluid, usual� water, is heated 
as it circulates through the pipe. Because the parabolic trough is capable 
of collecting only direct solar radiation (radiation that does not change 
direction as it posses through the earth's atmosphere), tracking of the 
sun is required. 

EVACUATED TUBE AND COMBINED PARABOLIC CONCEN­
TRATOR SOLAR COLLEOORS The term "evacuated tube" refers 
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to concentric tubes between which o vacuum exists. A working fluid 
circulates through the inner tube ond on absorbent surface coots either 
the outer or on inner tube (Agure 1-6). A seriesofthese tubes is usually 
mounted above o reflective flat surface (evacuated tube collector, 
Figure 1-4) or above parabolic reflectors (Compound Parabolic Concen­
trator [CPG, Figure 1-S). These collectors ore often nontracking ond 
ore significantly more efficient during periods of diffuse solar radiation 
thon the flat plate or parabolic trough solar collector systems. 

COLLECTOR EFFICIENa A measurement of o sol or collector's ability 
to convert solar radiation into useful heot. 

CONCENTRATION RATIO (CR) The ratio of the collector aperture 
orea to the collector absorber oreo. Typical CRs for the following 
collector types ore: flat plate collectors, 1 ;  evacuated tube collectors, 
generally between 1 ond 2; compound parabolic trough collectors, os 
high os 1 0; ond parabolic trough collectors, up to 60. 

SINGLE AXIS TRACKING A system copoble oftracking the sun about 
one oxis. 

NONTRACKING Solar collectors thot ore stationary ond do not follow 
the poth of the sun across the sky throughout the doy . 

• APPLICABILITY
PROCESS TYPE Low- or medium-temperature industrial process heat 
systems (less thon 600°F) requiring hot oir, hot water, or low-pressure 
steam hove the greatest potential for benefit from solar industrial 
process heot systems. 

CUMATE All. Solar industrial process heot systems ore more efficient 
in regions of high solar radiation. Systems designed to collect diffuse 
solar radiation, such os evacuated tube or combined parabolic concen­
trator collectors, ore efficient in general� cloudy or hozy regions. 

DEMAND-SIDE MANAGEMENT STRATEGY Peok clipping, stra­
tegic conservation. 
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• FOR MORE INFORMATION
Garg, H.P., Advances in Solar Energy Technolog� Volume 2, Industrial 
Applications of Solar Energy, D. Reidel Publishing Co., Dordrecht, 
Holland, 1 987. 

Solar Engineering, Proceedings of the American Society of Mechanical 
Engineers (ASME) International Solar Energy Conferences, ASME, New 
York, NY, 1 982 to present. 
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Table 1-37. Solar Industrial Process Heating: Costs and Benefits 

Costs 
Options1 ($)2 

Fklt Plate5 160,000 
Fklt Plate6 80,000 

Parabolic Traugh7 38,420 
(p(8 92,000 

= 1 .  All systems described here were supphed by U.S. manufacturers. 

Energy 
Savitgs 

(kWh/yr) 

416,500 
204,700 
202,000 
144,700 

Cost Simple 
Savilgs Payback 
($/yr)l (yr) 

20,825 7.7 
10,235 7.8 
10,100 3.8 
7,235 1 2.7 

2. Solar system capitol cost including installation for year thot the system was instal�d (see system description notes 3-6). 
3. Based on $0.05/kWh 
4. H stands for h�h. 

Life 
(yr) Confidence4 

2(}30 
2(}30 
2(}30 
2(}30 

5. Process hot woter heating system for poultry plant in Coiro, Egypt, instol�d in 1991: 4,000 sq.ft col�ctor area, roof rock mounted and 7,000 gallons of woter per day capacity, 
6. Process hot water heating system for heating metol plating process water in Los Angeles, CA, installed in 1 984: 1 ,920 sq.ft collector area, roof rock mounted. 
7. Process hot water heating system for heating metol plating process woter in Hayward, CA, installed in 1 990: 2,260 sq.ft col�ctor area, stretch membrane cover to parabolic 

troughs, and roof rock mounted. 
B. Combined parabolic trough collectors for ice making system for use in fish storage and fish preservation in Maruato, Micoocon, Mexico, installed in 1 992: 896 sq.ft collector area, 

ground and roof mounted. 



I N D U S T R I A L  B R I E F # 3 4

ONCE-THROUGH SOLAR H EATED 
VENTILATION AND PROCESS AIR 

• DESCRIPTION
Once-through solar heated ventilation and process air systems ore new 
to the market but hove already demonstrated that they ore low cost 
and con be very efficient. These systems heat outside air to be used 
direct� as preheated ventilation air or as industrial and agricultural 
process drying air. Industrial buildings with high ventilation rates con 
especial� benefit from once-through solar systems because a Iorge port 
of the total building energy costs for space heating is often for heating 
outdoor air. Further energy savings moy occur because there is virtually 
no heat loss through the wall on which the collector is installed. 

When compared with other solar systems, as well as conventional air 
heating systems, once-through solar heating systems hove many ad­
vantages. These systems ore virtual� maintenance free. Routine core· 
of conventional air distribution system components (fan maintenance 
and repairing duct leaks) is pmcticolly all that is necessory. High 
collector efficiencies con be obtained from very simple, low cost, site 
buik collectors. Retrofit of existing buildings is neither difficult nor 
expensive, and in some cases, port of the existing building's external 
surface con be incorpomted into the collector design. 

Drawbacks to once-through solar heated air systems ore that Iorge 
collectors ore required to meet building or process loads, low cost 
noturol gas is typically used in manufacturing facilities, and at present 
there is on� one company commercializing the technology. 

There are two types of once-through solar heated air systems: unglazed 
transpired collectors and glozed wall collectors. 
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• DEFINITIONS AND TERMS
UNGLAZED TRANSPIRED COLLECTORS Air is drown through a 
dark colored, unglazed, perforated plate installed on a large, south­
facing wall of a building. The air is heated as it passes through the 
perforations and is drown into the building by fans. The air may then 
be distributed throughout the building by way of a conventional dud 
system and used as heated space ventilation air or used direct� by an 
industrial process requiring heated air. These collectors do not require 
glazing because heat that may be lost to the wind for other collectors 
types is captured as the air is drown through the perforations. The 
unglazed transpired collector is the most efficient collector on the 
market today. Effidendes of 7 5% or more are obtainable with this 
collector type. The collectors are also low cost (installed costs are 
normally one-third less than installed costs for glozed collectors because 
of the lower material costs). 

GLAZED WAll COLLECTOR Air is heated as it is drown between a 
glazing spaced several inches from a dark wall. Outside air is drown 
through a space located at the bottom of the wall and is heated as it is 
pulled up by fans locoted at the top of the wall. Expected efficiencies 
for this type of collector are approximate� 45%. Maintenance costs for
this collector type are higher than for the unglazed transpired collectors 
because of the glozing . 

• APPLICABILITY
BUILDING TYPE A large, unobstructed, south-fating wall is required 
on whkh to mount the solar collector system. 

CUMATE All. The solar collector systems desaibed in this brief operate 
at lower but acceptable effidendes in generally doudy regions. Greater 
sovings con be expected when these systems are used to preheat space 
venh1ation air in sunny, colder climates. 

DEMAND-SIDE MANAGEMENT STRATEGY Strategi: mnservation. 
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• FOR MORE INFORMATION
Kutscher, CE, C.B. Christensen, G.M. Barker, "Unglazed Tmnspired 
Solar Collectors: An Analytical Model and Test Results," (Arden, M.E. et 
al, editors), Solar World Congress, 1991 Proceedings of the Biennial 
Congress of the International Solar Energy Society, Denver, CO, August 
19-23, 1991, vol.2, pp 1 245-1 250, Pergamon Press, 1 991. 

Carpenter, S.C., J.P. Kokko, "Performance of Solar Preheoted Ventila­
tion Air Systems," Energy and the Environment ... The Nexl Generation, 
Conference Proceedings for the 17th Annual Conference of the Solar 
Energy Society of Canada, Toronto, Ontario, June 21-26, 1991. 
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Table 1·38. On(e·Through Solar Heated Air Collectors: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options1 ($)2 (kWh/yr)l ($/yr)4 (yr)5 (yr)6 Confidence7 

Unglazed Transpired 
Wall Collector 72,000 1 ,472,000 35,000 2-1 0 2Q-35 

Glozed Wall Collector 840,000 37,400,000 336,000 2-10 1 5-25 

Chomcterislics of collector types: Unglazed tronspired collector-4,680 ft2, 44,000 elm, ventilation oir heating, new construction, Oshowo, Onturio, Conodo; glozed wall
collector-60,000 ft2, 230,000 cfm, ventilation air heating, retrofit construction, Chicago, ll.
lnstolled cosls include cost of collector, supply oir Ions, and associated duct work and duct insulation per monufocture(s dotu. 
Actual energy savings per monufocture(s datu. 
Actual cost savings per monufucture(s datu. 
low payback approximations ore based on manufacturer's estimates, which include savings from oil so�r and non-solar benefits of the wall. High payback approximations ore 
based only on the solar energy collected with natural gas ouxnliory. Poybocks vary depending on collector size, orientotion, and locotion (which offeds efficiency) of the system. 
Anticipated lie expectancy range. 
l stonds for �w. 



I N D U S T R I A L  B R I E F  # 3 5

SOLAR PHOTOCATALYTIC WATER 
DETOXIFICATION 

• DESCRIPTION
Solor photocotolylic woter detoxification is the removal of low-level 
hozordous organic compounds from contominoted woter through the 
combined reaction of sunlight ond o photocoto�st. Industrial process 
woste woter or ground woter contaminated by hozordous organic 
compounds in the por1s per million runge (such os benzene, toluene, 
trichloroeth�ene, ond some heovy metok) con be effective� treated 
by o solor process. Sunlight ond o photocoto�st reoct to degrade the 
hozordous organic compounds to carbon dioxide, woter, ond smoll 
amounts of mineral ocids. 

Moin system components include o photoreoctor, piping, pumps, ond 
storage tonks. The some technology used to develop solor collectors is 
applied toward the design of photoreoctors. A photoreoctor differs from 
o solor collector in !hot it collects ond uses the sun's energy simuko­
neously, whereas o solor collector collects the sun's energy to use 
elsewhere in the system (refer to brief #33 of this guidebook). The 
remaining system components ore typicol to conventionolwoter detox­
ification systems ond ore fomilior to industrial users ond to system 
designers ond installers. 

The flow rote of contaminated woter through the photoreoctor is 
determined by the ovoiloble sunlight ond the type ond amount of 
contominotion. Periods of low light or darkness con be accounted for 
by using o Iorge system volume ond controlling (decreasing) the flow 
roles or by having storage copocity buik into the system. Solor pho­
tocoto�c woter detoxificotion systems moy olso be supplemented by 
o conventional detoxificotion system to accommodate Iorge quantities 
of contominotion or for nighttime operotion. 

When compared to conventional detoxification processes, solor pho­
tocotolytic woter detoxificotion hos severo! odvontoges. The contami­
nant con be completely destroyed-leaving on� woter, carbon 
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dioxide, and dilute mineral acids--instead of being transferred from 
the water to another phose. Using solar energy also eliminates the need 
to consume fossil fuels, which reduces operating costs and the produc · 

tion of greenhouse gases. 

At present, solar photocatalytic water detoxification systems hove been 
installed only as experimental systems. However, it is expected that 
systems treating up to I 00,000 goV day of contaminated water will be 
commeKiolly available as ear� as 1995 . 

• DEFINITIONS AND TERMS
PHOTOCATALYST A substance thot combines with rodior.t energy to 
accelerate o chemical reaction. The most effective photocoto�st for 
solar water detoxification is titanium dioxide (fi02). 

PARTS PER MILLION (PPM) PPM concentration of contaminated 
water is the number of milligrams of contaminant per liter of water. 

FLAT PLATE PHOTOREACTOR A dosed photoreoctor where con­
taminated water is spread over o flot surface covered with o transparent 
material such as o gloss plate or Teflon film. The photocoto� con be 
suspended in the water or attached to support material mounted in the 
reactor. Hot plate photoreoctors ore effective for use in typical� cloudy 
regions. 

TRANSPARENT PIPE PHOTOREACTOR Usual� borosilicate 
(pyrex) pipes through which the contaminated water circulates. The 
transparent pipes may be mounted above o reflective surface, such as 
of the focal point of o reflective parabolic trough. The photocatalyst is 
either suspended in the water or fixed supports covered with the 
photocoto�st ore mounted throughout the reactor. Parabolic trough 
photoreoctors ore not effective during periods of cloudy weather; 
however, other transparent pipe photoreoctors ore effective. Tronspor­
ent pipe photoreactors ore dosed systems. 

TANK OR POND PHOTOREACTOR This photoreactor is on open 
type because the contaminated water is not enclosed in o sealed 
environment. Tonks or shallow ponds containing contaminated water 
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ore continuous� agitated to ensure that the suspended photocatalyst 
is even� distributed. The contaminated woter/photocotolyst mixture 
is exposed to the sun until the contamination concentration levels ore 
in on acceptable mnge. Purchasing and opemting costs of this type of 
photoreodor ore much less than those of dosed type systems, but 
considerable land areas may be required � Iorge quantities of water 
ore to be treated. Tonk or pond photoreadors ore effective for use in 
typical� cloudy regions . 

• APPLICABILITY
PROCESS TYPE Photocoto�tic techniques ore effective in purifying 
contaminated process waste water and ground water containing o 
brood range of organic compounds including chlorinated solvents, 
aromatic compounds, pesticides, dyes, and fuel components. The tech­
nology is not effective in destroying contaminants such os carbon 
tetrachloride and some heavy metals such os copper, nickel, and 
cadmium. Nonvolatile contaminants (contaminants that do not easily 
vaporize I con be treated in open reactors such os tanks or ponds. 
Volatile contaminants (contaminants that readily vaporize ot o rela­
tive� low temperature) require o dosed reactor such os o flat plate or 
transparent pipe photoreador. 

CUMATE All. Photoreadors con be designed to utitlze scottered light. 
A backup system using lamps to provide near ultraviolet light may be 
advantageous in some areas. 

DEMAND-SIDE MANAGEMENT STRATEGY Strotegic conservation . 

• FOR MORE INFORMATION
Turchi, C.S., H.E Unk, "Relative Cost of Photons from Solar or Electric 
Sources for Photocoto�c Water Detoxification," 1991 Solar World 
Congress, International So lor Energy Society, Denver, CO, August 17-
24, 1991 . 

Mehos, M., C. Turchi, J. Pacheco, AJ. Boege!, T. Merrill, R. Stanley, 
"Pilot-Scale Study of the Solar Detoxification of VOC-Contominoted 
Groundwater," Presented ot the American Institute of Chemiml Engineers 
1 992 Summer Annual Meeting, Minneapolis, MN, August 9-12, 1 992. 
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Turchi, tS., M.S. Mehos, H.F. Unk, "Design and Cost of Solar Pho· 
tocotalytic: Systems for Groundwater Remediation," Prepared for pub­
lication in Remediotion: The Journal of Environmental Oeanup Costs, 
Technologies and Techniques, May 1992. 
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Table 1·39. Solar Photocatalytic Water Detoxification: Costs and Benefits 

Installed Energy Treatment Energy Cost Simple Pollutant 
Capital Use Cost Savii Savin� P�ck Ufe Destroyed 

Options1 Costs ($) (kWh/yr) ($/gal) (kWh�:)2 ($/yr yr) (yr) On-Site Confidence4 

ftllsorptkms 
Cm!Jon 440,000 14,300 6.20 - - - 20 No 

IJV.lnmp/Hydrogen 
Peroxide5 350,000 530,000 4.40 - - - 20 Yes 

S!Jor Detoxificofion 
mo1 Photo-
Comlyst)6 450,0()(}700,000 14,3()(}85,700 5.0Q.6.00 I 440,00().515,000 22,00().26,000 4-13 20 Yes 

1 .  Installed ond treohnent costs were estimated bosed on o 1 00,000 golfdoy unit treofing trichlorethylene conmminoted ground wo1er ot Uvermore, CA. Contractor fees ond 
design cos� ore included. 1 992 doDor volues were used. 

2. When compared to the conventional UV-lomp/Hydrogen Peroxide System. 
3. Bosed on $0.05/kWh. 

Footnotes continued on next page 
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4. H stands for h�h. 
5. Conventional wo1er derox�icotion sys1em. 
6. Cost, energy use, and payback ranges were based on experlmenrol� developed systems with the same assumptions as are described in footno1e 1 .  Because photoreactors an 

similar to solar heating sys1ems currently used by industry, and other systems components ore typical to conventional wo1er derox�icofion sys1ems, costs for the systems shou 
be opproximo1ely those indicated in the table after solar deroxificofion systems become commercially ovoiloble. 



VIII. ELEGRICAL USAGE SHIFTING AND CONTROLS 

A high demand chorge con resu� from o high rote of energy use 
for short periods during production hours. The meosures presented 
in this section provide options to shift or control demond. This 
section increoses demond-side monogement meosures for demond 
controk, interruptible ond curtoiloble service ond power foctor 
corrections. 
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I N D U S T R I A L  B R I E F  # 3 6

DEMAND CONTROLS 

• DESCRIPTION
Demond contra� provide planned load scheduling, cycling and shed­
ding to reduce energy consumption and peak demand. They operate 
in several ways. This problem may hove one or more approaches. One 
way may be to distribute the facility's electrical usage over alternate 
shifts. Thus, if o high peak demand occurs during the day, o production 
line where heavy electrical usage occurs may be moved too shift where 
the total demand will be less. An alternate solution may be to interlock 
specific pieces of equipment, thereby preventing them from all con­
suming power at their peak roles during any one particular demand 
interval. This is not always feasible when the natural operating interval 
of the equipment is much shorter than the demand interval, or when 
the machines must be in continuous operation to maximize production. 
Sometimes it is possible to reduce the peak demand by controlling 
electrical resistance heaters and other heating and ventilating equip­
ment during periods when process requirements are peaking. This is 
sometimes referred to as duty cycling or load shedding. This concept is 
feasible ihhe building does not change temperature rapidly, or if slight 
temperature changes con be tolerated. 

Another possibility is to schedule the operation of high consumption 
electrical machinery during lunch or break limes. This is only feasible 
if the operation of the machinery is not required during other limes . 

• DEFINITIONS AND TERMS
PEAK DEMAND The highest average load reached over all demand 
intervals during any billing period. 

DEMAND INTERVAL A time period established by the utility, usually 
15 minutes . 

• APPLICABILITY 
FACILITY TYPE All. 
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CUMATEAII. 

DEMAND-SIDE MANAGEMENT STRATEGY Peok clipping, volley 
filling, ond loud shifting . 

• FOR MORE INFORMATION
Demond mntrok ore olso opphed to storage systems. Refer to Brief #6 
on Cool Storage Systems in OSM Pocket Guidebook Volume 2: Com­
mercial Technologies. 
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Table 1·40. Demand Controls: Costs and Benefits 

lnstallid Cost Simple 
Costs Energy Sovilgs Payback Ufe 

Options1 ($)2 Sovilgs ($)3 (yr) (yr) 

Demand 3170 7,700 kWh/yr 5,603 0.5 1 0  
Controls 47.9 kW/yr 

1 .  These datil were tuken from the Energy Analysis and Diagnostic Center (EAOO datu base. The frequency of implementuflon for this measure was 48%. 

Confidence4 

M 

2. One example from the EAOC datil base tu further clarify the costs is as folklws: By shedding the electrical load associated wilh ice making during the on-peak hou� ond 
producing ice during the off-peak hou� in a food plant, cost savings of $8,350 were realized. The implementuflon cost was $4,200, resulting in o simple payback of 6 months. 

3. The energy cost savings are based on actual costs as reported to the EAOC from the fdty. 
4. M stunds for medium. 



I N D U S T R I A l  B R I E F # 3 7

INTERRUPTIBLE AND CURTAILABLE 
SERVICE 

• DESCRIPTION 
Most uh1ities offer lower rates to customers who are willing to have 
their service dismnfinued during periods when the demand on the 
distribution system is greatest. This allows the electric and gas utilnies 
to provide service with less capital cost, since the transmission and 
distribution equipment must be sized for the maximum load on the 
distribution system. The utility provides advance notice of service 
interruption; this notice can vary from 30 minutes to several hours. 

Facilities with interruptible gas service have a back ·UP fuel source­
either oil, propane, or a small natural gas meter-to meet the facility 
requirements during the curtailment of service, or at least, to provide 
enough space heating to prevent freezing of pipes. 

Facilities on interruptible elertricservice can have a natural gas or diesel 
generator which provides power for those periods during which utility 
power is not available. Another strategy is to shut down the process 
during a power interruption, but to have a small electrical meter on a 
noninterruptible rate that provides power for computers, controls, HVAC 
equipment, emergency lighting, and burglar alarms . 

• DEFINITIONS AND TERMS
UNINTERRUPTIBLE POWER SYSTEM (UPS) A generator and/or 
set of balleries designed to prevent a loss of electrical power during a 
power outage . 

• APPLICABILITY
FAOUTY TYPE This measure is most suitable for facilnies with large 
energy requirements, or those that already own a UPS. 
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CLIMATE All. 

DEMAND-SIDE MANAGEMENT STRATEGY Flexible load shape, 
peak dipping. 

1 30 



� 

Table 1-41. Interruptible and Curtailable Service: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savitgs Payback Ufe 

Options1 ($) (kWh/yr) ($/yr)2 (yr) (yr) 

ftrlding Second 
Gas line or 1 0,700 N/A 1 8,810 0.6 20 

Bock-up Generotor 

1 .  These dolo were token from the Energy Analysis and Diagnostic Center (EAOQ dolo bose. The frequency of implementoffon for this measure was 60%.
2. The energy cost savings ore based on octuol costs os reported to the EAOC from the focili1y. 
3. H stands for high. 

Confidence3 

H 



I N D U S T R I A L  B R I E F # 3 8

POWER FACTOR 

• DESCRIPTION
The toto I power requirement of o lood is mode up of two components: 
the resistive component and the reactive component. The resistive 
component, measured in kilowatts (kW), does the useful work and is 
the quantity recorded by o watt meter. The reactive component, 
measured in reactive kilovolt-{Jmperes (kVAR), represents the current 
needed to produce the magnetic field for the operation of o motor or 
other inductive device. This component does no useful work ond is not 
registered on o power meter, but contributes to the heating of gener­
otors, transformers, ond transmission lines. Thus it constitutes on 
energy loss for the electric utility. 

Ano�sis of the reactive lood versus the resistive lood will yield o value 
known os the power foetor. The power foetor gives on indication of the 
portion ofthe totol lood thot is resistive (real). To reduce reactive losses, 
the power foetor should be increased to o value os dose to unity ( 1 .0) 
os possible. 

For example, assume thot o manufacturing plant hos on overage 
onnuol power foetor (PF) of 0.78. Power foetor of 0.78 means thot for 
every 78 kW of usable power thot the plant requires, the utility must 
supply 78 kW/PF or 100 kVA. If the plant's power foetor is changed 
from 0.78 to 0. 95, then for every 78 kW demanded by the plant, the 
utility need on� supply 78 kW/0.95 or 82 kVA. 

Capacitors con be installed to decrease the reactive power (kVAR) and 
thus the apparent power. Capacitors drow current which leads the 
voltage, while inductive loads draw current thot logs the voltage. The 
net result of installing capacitors on circuits with inductive loads is thot 
the current in the supply line is brought more dose� in phose with the 
supply voltage. A power foetor of 1 .0 indicates thot the current ond the 
voltage ore exact� in phose. 

1 32 



(opocitors con be installed ot ony point in the electrical system and will 
improve the power factor between the point of application and the 
power source. Capacitors can be odded of each piece of equipment, 
oheod of groups of small motors, or at moin services. The advontoges 
and disadvantages of each type of installation are highlighted in 
Table 1·42. 

Table 1·42. 
Advantages and Disadvantages 

Type of Clflldtor 
Installation Adv111toges Disadvllltages 

Individual equipment 

Grouped equipment 

Increased load 
capabililies of 
distribution system 
Better voltoge 
reguloffon 
Increased lood 
capabililies of the 
service 

Smaller copac�ol5 cost 
more per �VAR than 
larger units 

Switching means may be
required to control the 
amount of capacitance 
used 

• DEFINITIONS AND TERMS
INDUaiVE DEVICE Any device, such as o motor or fluorescent lump, 
for which the voltage changes in proportion to the lime rote of change 
of current. 

• APPLICABILITY
FAOUTY TYPE Any facility that has a power factor less thon 0.90 or 
hos large pieces of equipment having power factors below 0. 90. 

CUMATE AII. 

DEMAND-SIDE MANAGEMENT STRATEGY Peak dipping . 

• FOR MORE INFORMATION
Ottoviono, V.B., Energy Management, Fairmont Press Inc., Adanto, GA, 
1 985. 
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Table 1-43. Power Factor: Costs and Benefits 

Installed Energy Cost Simple 
Costs Savilgs Savilgs Payback Ufe 

Options1 ($)2 tkWh/yr) ($/yr)3 (yr) (yr) 

Power 
Foetor 6,690 NA 6,690 1 .0 1 5  

1 .  These dotu were token from the Energy Anolysis ond Diagnostic Center {EADO doto bose. The frequency of imp�mentotion for this meosure wos 57%. 

Confldence4 

M 

2. The cost represents the cost to instol copocitOJS. One exom�e from the EADC dotu bose to further dorify the costs is os follows: By instolling copocitors to correct o power foetor
from on overoge of 0.72 to 0. 95, o pkmt hoving o demond of 300 kW wos oble to reolize o demond cost sovings of $4,750/yr. The imp�mentotion cost wos $6,480, resul� 
ing in o simple poybock of 1 .25 yr. 

3. The energy cost sovings ore bused on octuol costs os reported to the EADC from the focitlly. 
4. M stonds for medium. 



MOTOR�PDATE TO MOTORS BRIEFS IN OSM Pocket 
Guidebook, Volume 2: Commerciol Technologies 

Electricity needed to operate motors occounls for more thon hoff of oil 
the electricity consumed by U.S. industry. Motors ore used to operate 
pumps, compressors, machine tools, ond mony other pieces of process 
equipment. The highest motor efficiency is ochieved when the motor is 
motched to the 1ood required from the equipment it serves. However, 
older industrial motors ore often oversized ond less efficient thon new 
motors, or serve equipment having intermittent loods. These ore oil 
factors that adversely offect the efficiency of the motor, which, in tum, 
increases the motor electrical requiremenls ond operating cosls. 

Industrial motors ore often oversized for two reasons: (1 ) to ensure thot 
the motor capacity will not, under ony circumstnnce, be less than the 
required loud; ond (2) to allow for future increases in loud demand. 
Depending on the motor loading, the efficiency of the motor operation 
con be significantly offected n the motor is oversized. ff o motor serves 
both on-shift ond off-shift loads, it moy be beneficial to odd o smaller 
motor matched to the lower loud to operate during off-shift periods. 

Energ�cient motors (EEMs) thot ore commercially ovoiloble ore, on 
the overage, 3% to 8% more efficient than older motors. Because of the 
high cost of EEMs, these motors ore normal� purchased only when 
existing motors need replacing. Tobie 1-44 shows the cosls ond benefits 
of EEMs. This tnble is similar to Table C-27 in the commercial technolo­
gies guidebook but includes larger motnrs that may be found in industry. 

Adjustnble-speed drives (ASDs) maximize motor performance ond en­
ergy efficiency by properly matching motor speed to the changing 
requiremenls. Energy savings ore possible by reducing the power 
consumption of the motor os system requiremenls decrease. Variable­
speed devices such os multispeed motors, adjustable belts ond gears, 
ond eddy current ond hydraulic drives con improve the efficiency of the 
molnr by up to 50%. Tobie 1-45 summarizes the cosls and benefits of 
variable-speed controls. 

For detniled descriptions of motors, refer to the motors section of the 
DSM Pocket Guidebook, Volume 2: Commercial Technologies. That 
section includes a number of efficiency improvemenls thot address the 
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motor, as well as transmission of the energy to the load (e.g., gears) 
and the power supply. Because not all efficiency measures ore op�icable 
to all motor types, the first technology brief (#1 9) in the motors section 
of the commercial technologies guidebook presents on overview of the 
more common motors and their uses. Terms pertaining to motor 
efficiency measures ore also defined. 

FOR MORE INFORMATION 
Keinz, J.R., R.l. Houlton, "NEMA/Nominol Efficiency: What is it and
why?", IEEE Conference Record CH1459-5, Paper No. PC1-8(}8 1 980. 

Lovins, A.B., et ol., "Stote of the Art Drivepower," Rocky Mountain 
lnsfitute, Snowmass, CO, April 1 989. 

Ebosco Services, Inc., Adiustuble Speed Drive Applications Guideboo� 
prepared for the Bonneville Power Administrofion, January 1 990. 

NEMA Standards Publicafion No. MG 10, Energy Management Guide for 
Selection and Use of Polyphase Motors, Nofionol Electrical Manufactur­
ers Associofion, Washington, D.C., 1 989. 

Nadel, S., et ol., Energy-Efficient Motor Systems: A Handbook on 
Technology, Progmms, and Policy Opportunities, American Council fur on 
Energy Efficient Economy, 1991 .  
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Table 1·44. Variable-Speed Controls on Motors: Costs and Benefits 

Installed Energy Cost Simple 
Costs Sovilgs Savilg� Payback Ufe 

Options1 ($)2 (kWh/yr) ($/yr) (yr) (yr) 
Variable-
Speed 46,100 331,000 16,600 2.8 10 
Controls 

1 .  These data were token from the Energy Analysis and Diagnostic Center (EAO() dolo bose. The frequency of imp�mentotion for this measure was 34%. 

Confidence4 

2. Average implemenloffon cost per system for this measure. One exomp� from the EADC dolo bose to further c�rify the costs is os follows: Installing o variable-speed controller 
on o 50 hp motor resulted in energy and cost savings of 33,700 kWh and $2,740/yr. The implementotion cost was $6,570. 

3. The energy cost savings ore based on actual dollar savings os reported to EADC from the fudity. 
4. H stands for h�h. 



Table 1·45. Energy-EHident Motors (EEMs): Costs and Benefits 

A111ual Energy Annual Cost 
Size Std. EHk1 EEM Efficl Savi 2 Cost Savingsl Premium4 Simple Payback 
(1,) (90) (90) (kWh,�) ($/yr) ($) (yr) 

1 0.740 0.817 285 14.25 50 3.5 
1 .5 0.750 0.828 422 21 . 10 50 2.4 
2 0.800 0.839 260 1 3.00 60 4.6 
3 0.81 0 0.878 642 32.10 60 1 .9 
5 0.830 0.885 838 41.90 80 1.9 

<:;; 
7.5 0.840 0.902 1 ,373 68.65 100 1 .5 -

1 0  0.850 0.909 1 ,709 85.45 1 50 1.8 
15 0.860 0.915 2,346 1 1 7.30 200 1.7 
20 0.870 0.922 2,608 130.40 250 1 .9 
25 0.880 0.929 3,353 167.65 300 1 .8 

30 0.890 0.930 3,245 162.25 400 2.5 
40 0.900 0.934 3,621 181 .05 500 2.8 
50 0.905 0.937 4,223 21 1 . 15 700 3.3 
60 0.910 0.939 4,557 227.85 800 3.5 
75 0.915 0.942 5,258 262.90 900 3.4 



1 00 0.920 0.946 6,686 334.80 1 ,500 4.5 
1 25 0.925 0.947 7,026 351.30 2,500 7.1 
1 50 0.930 0.949 7,227 361.35 3,000 8.3 
200 0.935 0.955 10,025 501.25 4,000 8.0 
225 0.950 0.956 3,327 166.35 4,500 27.1 

250 0.960 0.962 1,212 60.60 5,000 82.5 
300 0.960 0.965 3,624 181.20 6,000 33.1 
.350 0.960 0.970 8,412 420.60 6,000 1 4.3 

... 400 0.960 0.970 9,613 480.65 7,000 14.6 
-o 

500 0.960 0.970 12,017 600.85 8,000 13.3 

l . Average of TEFC (lo1o0y enclosed fun  cooled) ond ODP (open drip prooO types. 
2. Assumes 75% full-bod operotion ond 4,000 h/yr opemtion. 
3. Assumes $0.05/kWh. 
4. Additional cost of EEM over standard motor. 



UGHTING-UPDATE TO UGHTING BRIEFS IN OSM Pocket 
Guidebook, Volume 2: Commercial Technologies 

Ughfing measures ore addressed in the DSM Pocket Guidebook, Vo� 
ume 2: Commerdol Technologies, beginning on poge 49. Those briefs, 
numbered 1 1  through 1 5, opp� to industrial bu�dings os well as 
commercial buildings. This secfion provides on update 1o the information 
presented in the commercial technologies guidebook. 

In the industrial sec1or, 10% of electric energy is used for lighfing. (The 
industrial sec1or includes monufocturing, mining, ond agriculture.) In the 
manufacturing industries, lighfing accounts for 8.8% of totul energy use. 
Ughfing is one of the few end uses common to oil industrial costumers 
for which no procficol nonelectric oltemofives exist. 

Ughfing quality requirements vory with different industrial opplicofions. 
In op�icofions reqliring good color rendering, high color rendering 
fluorescent lomps [Color Rendering Index (CRI) = 85] should be used. 
More energy savings con be realized by using metul halide lomps. The 
CRI of metul halide lomps is significo� lower (CRI = 65). Higher 
energy savings con be realized by using highjlressure sodium (HPS) 
lomps. lt is cautioned thot the use of HPS lamps con be limited to oreas 
where color rendering is of little importance. The CRI of HPS lomps is 
25. In some opplicotions, the highest quality ond most energ�cient 
l�hfing scheme moy be to aeote moderate background l�hfing leve� 
ond opfimize work station illuminotion with the use of tusk tJghfing. As 
discussed in the commercial technologies volume, occupancy sensors 
ond centralized lighting controllers used with fluorescent lighfing con 
yield major energy ond power savings . 

• FLUORESCENT UGHTING
Brief #1 1 in the commercial technologies volume covers fluorescent 
l�hting ond in dudes costs for various energy savings opfions for fixtures 
with four 4-ftlomps. Since mony of the industriolfucilifies ore �luminoted 
with fixtures containing two 8-ft lornps, Tobie 1-46 provides cost ond 
benefit informofion for energy-efficiency options for 8-ft lomps . 

• HIGH-INTENSITY-DISCHARGE (HID) LAMPS
High-intensity-discharge (HID) lomps ore addressed in lrief #13 in the 
commercial technologies volume. When evoluoting industrial HID lomps, 
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ceiling height and the msk being performed should be considered. In 
some coses, HID lamps on a low ceiling may produce unacceptable glare 
at the work surfuce. HID ballasts use a significant portion of the toml 
fixture power and should always be included when calculating lamp 
power. 

FOR MORE INFORMATION 
Kaufman, J.E., J.F. Christensen, eds., IES lighting Handbook, Ref­
erence Volume, Illuminating Engineering Society, March 1 990. 

Kaufman, J.E., J.F. Christensen, eds., IES lighting Handbook, Appli­
cation Volume, Illuminating Engineering Society, February 1 989. 

Murdoch, J.B., Illumination Engineering from Edison's Lamp to the 
Laser, MacMillan Publishing Company, New York, 1985. 

U.S. Deportment of Energy, 1992 Advanced lighting Technologies 
Application Guidelines; U.S. DOE, October 1 992. 
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Option1 

One stnndard ballast/two stnndard lomps 

Replace two lamps 
with high efficiency �mps 

:;:;:: (stnndord ballast) 
� Replace stnndorrl ballast 

with on electronic ballast 
(stnndorrl lomps) 

Replace stnndorrl lomps 
and ballast with electronk ballast 
and high efficiency (T-8) �mps 

Table 1·46. Lighting: Costs and Benefits 

Retrofit 
Cost ($) 

(lnstalled)2 

37 

1 1  

55 

77 

(on a per fixture basis) 

Cost 
Power Savings 

(W /fixture)3 ($/fixture/yr)4 

1 76 

1 38 7.1 4 

1 23 9.94 

1 1 2  1 1 .98 

Simple Relative 
Payback Ught Ufe 

(yr) Output (%)5 (h) 

100 20,000 
(lamps) 

0.1 6 95 20,000 

5.5 1 00 45,000 
(ballast) 

6.42 1 10 20,000 
45,000 



to; 

Remove one slondord 
lomp, reposition sockels, 

odd o reflector 58 88 16.54 3.5 65-75 132,000 
(reflector) 

1 .  The bose cose is o n  8-ft fixture with 1wo slondorrl (75-W lomps) ond one bollost. The first opffon involves repkzcing the s1nndorrl lomps with 6Q.W lomps. The third opffon 
involves replacing the lomps with more efficient B.ft T-B iomps ot 50 W /lomp. The HI in 8.ft length lomps ore just entering the morketploce (Aug. 1 992) ond ore on� ovoil· 
oble from some lighffng suppliers. Removing one kzmp ond odding o reflector in o 1w1Homp fixture involves repositioning the socket 1o center the remaining lomp in the fixture. 
It will olso involve rewiring the 1w!Homp bollost in 1ondem with on adjoining fixture, so thot every other fixture hos o 1wo-lomp bollost. 

2. The power per fixture is bosed on measured doto provided by Finonciol Energy Monogement, Inc. in Denver, CO. 
3. The cost is inslolled cost. An B.ft. slondord kzmp is $5.00; o high-efficiency lomp is $5.50; o T·B kzmp is $1 1 .00; o s1ondorrl bollost is $27.00; on electronic bollost is $55.00. 
4. Cost savings per fixture were cokukzted assuming thot lomps ore used 3744 h/yr (12 h/d x 6 d/w x 52 wjyr) oton ovemge cost of $0.05/kWh. The bose cose cost is 1 76

w/fixture x 3744 h/yr/1000 x $0.05 = $32.94. Savings in cooling lood costs ore not included. 
5. This is reloffve fixture light output. 
6. Poybock in this cose only is bosed on the incremenml cost of $1.00 ($1 1.00- $10.00) for the high-efficiency kzmps (assuming thot the retrof� will be performed when the 

lomps need replacing). In oil other coses, the poybock is bosed on full repkzcement cos1s. 



I N D U S T R I A L

SECTION 2-DSM OPPORTUNITIES IN 
EACH TWO-DIGIT STANDARD 

INDUSTRIAL CLASSIFICATION 

Industries have been categorized in a series of Standard Industrial 
Classification (SIC) codes according to their end product. The industrial 
sector is defined by 20 two-digit SIC groups, which are further subdi­
vided into three- and four-digit SIC codes to describe specific industries. 
Opportunities exist for DSM strategies in all 20 groups. Many industries 
have begun to implement energy-use strategy programs because of 
rising energy costs and because of incentives provided by utilities. 

Alternative industrial processes known as electrotechnologies provide 
opportunities for improved efficiency, controlability, and flexibility; 
reduction in equipment space requirements; significantly reduced pro­
cess equipment pollutants; and increased productivity. Elec­
trotechnologies oko provide cost-ilffective options for creating energy 
usage patterns tho! benefit both the utility and the industry. 

This section of the guidebook provides a summary of industrial DSM 
technology alternatives (Tobie 147) followed by a matrix indicating 
electrotechnologies applicable to each industrial SIC group (Tobie 1-48). 
Alsa included is o description of ond sources for more information on 
demand-side management applications for each of the 20 SIC codes. 
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STANDARD INDUSTRIAL CLASSIFICATION 
(SIC) CODES 

SIC 20 Food and Kindred Products 
SIC 21 Tobacco Products 
SIC 22 Textile Mill Products 
SIC 23 Apparel and Other Textile Products 
SIC 24 lumber and Wood Products 
SIC 25 Furniture and Fixtures 
SIC 26 Paper and Allied Products 
SIC 27 Printing and Publishing 
SIC 28 Chemicals and Allied Products 
SIC 29 Petroleum and Coal Products 
SIC 30 Rubber and Miscellaneous Plastics Products 
SIC 31 Leather and Leather Products 
SIC 32 Stone, Cay, and Glass Products 
SIC 33 Primary Metals 
SIC 34 Fabricated Metal Products 
SIC 35 Non-electrical Machinery and Computer Equipment 
SIC 36 Electric and 8ectronic Equipment 
SIC 37 Transportation Equipment 
SIC 38 Instruments and Related Products 
SIC 39 Miscellaneous Manufacturing 
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DSM Industrial 
Technology Alternative 

Process Related 
Cogeneration 

Electrolytic Sepmo�on ond Electrochemical 
Synthesis 

Table H7. Summary of Industrial DSM Technology Alternatives 

Def11ilion and Application 

Cogenero�on is the �int production of thermo! and me­
chanical energy that con be used 1o generate electricity. 
Cogenero�on is wide� applied in indus1Ties with signifi. 
cont hot water or steom requrements (e.g., chemical, 
petroleum refining, pulp ond paper, ond steel) or in indus· 
tries with waste streams that con be recovered fur fuel 
(e.g., pulp and paper}. 

Electrochemical synthesis involves the use of electrodes im· 
mersed in on eledrof(te con1oining process reoc1onts in 
iJnic funn. Electrol�c separation is similar, but it resuhs 
in the dissolu�on of o single compound into 1wo compo­
nents. These processes, whkh operate at lower tempero­
tures and pressures than convemonol chemical reactors, 
give high efficiencies, high moterid yield, and ore 
environmen1olly deon. 

Technology Features 

lns1olled costs generally ronge from $400 to $900 per 
kW. Cogenero�on systems con operote at higher (65% 
to 90%} overoll system ellkiencies thon conven�onol sys­
tems providing elec1rici1y or thennol energy separate�. 

Electrochemical production of chlorine and cous�c soda is 
o major elec1rici1y consumer. Mripanitrile, on organic 
compound used fur nylon production, is olso synthesized 
electrochemically. 



Process Heat Recovery 

Industrial Process Heat Pumps 

� 

Microwave Heafing 

A voriely of waste recovery devices ore available !hot use 
oir·to-oir and oir·to-liquil heat exchange; each 1ype oper· 
otes differently, but all transfer heat from on exhaust 
stream to a cooler supply. stream. Waste recovery systems 
ore primarily associated with process industries. 

Heat pumps absorb heat and, using compression, e�votes 
the temperature of this heat for subsequent use. Closed· 
cycle heat pumps ore ufilized in industries using Iorge 
quantities of hot water and/or low-pressure steam (e.g., 
food processing, electroplofing, and aqueous e�olyfic 
separation processes), whi� open cycles ore finding opplf 
cation in industries where Iorge quonfiffes of water vapor 
ore produced in evoporafion and drying (e.g., food, 
chemicals, paper, etc.). 

E�omognefic waves with a frequency range of 300 to 
3,000 megahertz ore transmitted to the workpiece by a 
wove guide !hot terminates in on applicator. Applkofions 

' ore found in the food and chemical industries where mote­
rials ore heat sensiffve and processing ffme consideroffons 
ore involved. 

Venh1offon, process, and combusfiofffiquipment exhausts 
ore the major sources of recoverable energy. Rotory heat 
exchangers con recover 70% to 80% of the waste heat. 
Use of recuperoto� limits waste recovery rates to 50%, 
but ore generolly troub� free. 

Heat pump evaporators ore now raufinely se�cted 
over convenfionol mu11i-effect evaporators for severol 
importont opplkofions. 

Typical cost of equipment ranges from $2,000 to 
$4,000 per kW. Microwave heofing con be easily inte­
grated into exisffng producffon lines ond is compoffble 
with various outomofion concepts. 
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Table 1·47. Summary �� Industrial DSM Technology Alternatives (continued) 

DSM Industrial 
Technology Alternative 

Metols Production Related 
Direct-Arc Melfing 

Direct Resistonce Melfing 

Electroslog Processing 

Definition and Application 

In this, the most commonly used method of electrk melt­
ing in the steel industry today, scrap steel or direct-re­
duced iron � melted by o direct ore in which the current 
posses from one electrode through on ore to the metal 
chorge, through the charge, and then from the charge 
through on ore to another electrode. 

Electric current is passed either directly through the mote­
no! to be melted or through o resistance heofing e�ment 
that tronsfeiS heat to the motenol by radiation and convec­
Hon. Direct resistonce melfing is commonly used in the 
gloss industry, but metols and other motenols of low elec­
tric resistance connot be melted economicolly with this 
process. Present metal opplicoHons pnmonly involve steel, 
which is o relo1ive� poor conductor. 

This process is used to chemical� purify molten metol for 
the production of high-purity, structurally homogenous 

Technology Feat�Wes 

Cost is approximately $100 per annual ton capacity as 
compared to $450 per annual ton capacity for alterna­
tives such os blast furnacesjbosic oxygen furnaces. 
Plants con be built in the 200,000 to 400,000 ton per 
year capacity range os compared to the 2 million ton per 
year and larger capacity range for blast furnoces. 

Electric resistonce furnaces range in capacity from 4 to 
120 tons per day in volume production. E�ctricity con­
sumpfion ranges from 750 to 1,500 kW per ton. 

Manufoctunng costs associated with e�ctroslag cosftng 
rongefrom $300.500/ton. lnstolled electros�g process-



� 

Induction Melffng 

Plasma Processing 

Materials Fobricoffon 
Electrical Discharge Machining (EOM) and 
Electrochemical Machining (ECM) 

metal shapes. Electrosklg remelffng ingot producffon is 
widely used for the refinement of nicke� and cobo�.IJosed 
dklys for aerospace op�icolions. 

A metal is placed inside o copper coil through which on AC 
current is passed, consequently inducing eddy currents in 
the metal. The resulffng heat buildup melts the metal. The 
two principal types of induction furnaces ore careless, 
which is used for remelffng, and channel, which is used 
for molding. 

Plasmas, which ore produced by exposing a gas to o high­
intensity electric ore, con achieve temperatures in excess 
of l 0,000°F. Plasma processing is currently used ford�
rect reducffon of iron ore to produce sponge iron and for 
smelting reduction of iron ore and scrop. 

To erode a metal surface to any desired shape, EDM uses 
o higlwoltoge, pulsing direct current whi� ECM uses o
ioiY'Voltoge, non11ulsing source. EDM is used to produce 
comp�x shapes, dies, and carbide tools; EMC is used to 
produce high-temperature alloy forgings, turbine wheels, 
and jet engine blades. 

ing capacity is esffmoted at 150 MW. 

Growth of electricity demand attributable to induction 
melffng is esffmoted to be 400 to 600 MW per year in 
the 1980s. 

Energy consumpffon overages around 500 kWh/ton; 
annual capitol costs ore about $70/ton. 

Both systems maintain o high degree of precision toler· 
once and produce finishes of high quality. Cutting speed 
does not deperd on motenol hardness. 
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Table 1-47. Summary, of Industrial DSM Technology Alternatives (continued) 

DSM Industrial 
Technology Alternative 

Electron Beam Heating 

Flexible Monufuctunng Systems 
(FMS) and Robotics 

Definition and Application 

Motenols ore heated when a directed beam of e�ctrons 
under vacuum conditions is focused against the work sur­
face. This process is used largely in the automotive indus­
try for thick�ectlon welding applications where deep heat 
penetration is needed. 

FMS ore basically assemblies of one or more machine 
tools that include a control unit that monitors the perfor­
mance of the equipment and imp�ments corrective 
actions as required. Robo1s ore reprogrommoble, multi­
functional manipulators des� ned to move motenols, 
ports, tools, or specialized devices through vorioble 
programs to accomplish a vonety of tasks. 

Technology Featwes 

While initial cost is typical� 3 to 1 0 times those of con­
ventional systems, savings in the case of heavy sections 
con reach 80%. 

Implementation of FMS in industry has been slow, with 
only about 40 installation to dote. Robotic instollotions 
already number in the thousands, but market penetration 
cannot accelerate further without overcoming several 
application borners. 



Induction Heating 

lnfrored Drying and Curing 

� 

Induction heating generates heat within the material by 
placing the metal piece inside of a co� with ol1ernaftng cur­
rent passing through it lnducftng heating is used by fer­
rous and nonferrous metals induslries in a broad ronge of 
metal working processes including forging, forming, heat 
treating, and pining_ 

A filament, typically tungs1en, is used to produce infr,ared 
mdiafton which, when absorbed, heals and dries 1exfl1es, 
paper, pain15, and other coaftngs. The 1empero1ures 
produced range from 600° to 4 ,ooooF. 

Growth of electricity demand attributable to induction 
heaftng is esftmated to be 500 to 1,000 MW per year 
in the 1 980s. 

Provides uniform drying unlike convenftonal drying which 
someftmes causes blis1ering of a surface through effusion 
of vapor. 



Table 1-48. Recommended DSM Alternatives Per SIC 

DSM Technology SIC 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

Cogenerotion X X X X X X X X 

Electrolytic sepomffonjelectrochemcicol X X X X 
synthesis 

Process heot recovery X X X X X X X X 
� 

lndml process heot pumps X X X X X X 

Microwove heoffng X X X X X X X X X X X X X 

I Direct·mc melting X 

Direct resistance mehing X X X X X 
I 

Electroslog processing X X X 

Induction mehing X 



U'l 
.... 

Plasma processing 

Electrical discharge and electrochemkal 
machining 

Electron beom heating 

Flexible manufacturing systems 
and robotics 

lnducffon heating 

Infrared d�ng and curing 

loser processing 

Resistonce heoffng 

Ultmviolet and electron beom curing 

Battery storoge 

Efficient electrk mo!OJ� and drives 

Pumping sys1ems 

X X X 

X X X X 

X X 

X 

X X X 

X 

X X 

X X X X X 

X X 

X X 

X X X 

X X 

X X X X X 

X X 
--

X X X 

X X 

X X X X 

X X X X X X X X 

X X X X 

X X X X X X 

X X X X X X 

X X X X X X 

X X X X X X 

X 

X X X X X X X X 
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S I C  N U M B E R :  2 0

SIC TITLE: 
Food and Kindred Products 

• PREVALENCE IN WESTERN TERRITORY
High. Meat and groin production ore prevalent in the Midwest ond West, 
ond fruit ond vegetable production is heovy in the Southwest. Doiry 
production is not os prevalent in the western territory . 

• DESCRIPTION
In the lost decode, electricity consumption in the food ond beverage 
industry has increased because of o shift to more electricity-intensive 
processes. Four process categories consume the bulk of the energy in 
the food ond beverage industry. These processes ore cooking, drying, 
liquid heating, ond refrigeration. Electrotechnology growth potential is 
the greatest for the cooking, drying, ond liquid heating operations in 
order to replace the fossil fuek troditionolly used for these processes. 
Refrigeration processes depend heovi� on motor-driven equipment 
such os compressors ond pumps, which would benefit from the use of 
energy-efficient electric motors ond drives. Electricity accounted for 
approximate� 17% of the energy consumed by the industry in 1988 
or obout 50,206 million kWh . 

• . FOR MORE INFORMATION 
REFERENCES: 
American Consuhing Engineers Council, Industrial Market and Energy 
Guide, SIC 20, Foocl and Kindred Products Industry, Washington, DC, 
1 985. 

Resource Dynamics Corporation, Food Industry Scoping Study, Electric 
Power Research Institute, CU-6755, Morch 1 990. 

PERIODICALS/DATA BASES: 
Food Technology, lnstiMe of Food Technologists, Chicago, IL 

Journal of Food Science, lnstiMe of Food Technologists, Chicago, IL 
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Food Stience and Technology Abstracts--data bose; producer: Inter­
notional Food Information Services, Reading and Bershire, England. 

TRADE ASSOCIATIONS: 
Institute of Food Technologists 
221 N. loSolle St. 
Chicago, ll 60601 
(312) 782-8424 

Promotes application of science and engineering to the evaluation, 
production, processing, packaging, distribution, preparation, and utili­
zation of foods. 

Notional Food Processors Association 
Western Research loborotory 
6363 Clark Ave. 
Dublin, CA 94 568-3097 
( 415) 828-2070 

Contort: Wolter W. Rose, Associate Director, Engineering/Environmen­
tal Division. Scientific and trade association for the food industry. 
Researches new processing techniques, new food technologies, and 
other topics. 
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S I C  N U M B E R :  2 1

SIC TITLE: Tobacco Products 

• PREVALENCE IN WESTERN TERRITORY 
low. The tobacco products industry is concentmted in the southeastern 
portion of the Unned Stutes . 

• DESCRIPTION
The tobacco industry is one of the lowest energy-intensive industries of 
oil the industrial categories ond is the least eledrictly-intensive industry. 
This leads to limited demand-side management (DSM) opportunities. 
Drying ond curing processes hove the greatest potential of benefuting 
from eledrotechnologies. Other DSM opportunities which benefu the 
tobacco industry ore energy-efficient motors ond drives, improved 
lighting, ond off-peok eledrictly usoge. Eledrictly accounted for up­
proximate� 12% of the energy consumed by the industry in 1 988 or 
about 864 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Electric Power Research lnstiMe, Demand-Side Management, Vol­
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, Murch 
1 988. 

PERIODICALS/DATA BASES: 
Biological Abstracts, BIOSIS Previews-datu bose; producer: BIOSIS, 
Philadelphia, PA. 

TRADE ASSOCIATIONS: 
Tobacco Merchants Association of the Untled Stutes, Inc. 
P.O. Box 8019 
231 Clarksville Rd. 
Princeton, NJ 08543-8019 
(609) 275-4900 

Monufodurers of tobacco products ond others related to the tobacco 
industry. 
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S I C  N U M B E R :  2 2

SIC TITLE: Textile Mill Products 

• PREVALENCE IN WESTERN TERRITORY 
Low. Eighty percent of the total U.S. textile shipments ore manufactured 
in the southeastern region of the United Stutes, primori� in North and 
South Carolina and Georgia . 

• DESCRIPTION 
Electricity is the largest energy source for the textile industry-Jepre­
senting about one-third of the industry's total energy requirement. 
Motors and drives account for approximate� 80% of the electricity 
consumed, indicating thot there is excellent demand-side management 
potential for energy-efficient motors and drives. Trodnionol drying, 
dyeing, and finishing processes that rely on fossil fue� moy profit from 
electrification. Cogeneration and industrial process heat pumps ore o� 
applicable to the textile industry because of the presence of waste 
products and waste heot. Because of the importance of environmental 
conditions to the textile manufacturing processes, heating, ventilating, 
and air conditioning systems have the greatest potential for food 
management. Electricity accounted for approximate� 37% of the 
energy consumed by !he industry in 1 988 or about 29,738 milhon 
kWh . 

• FOR MORE INFORMATION 
REFERENCES: 
American Consulting Engineers Council, Industrial Market and Energy 
Management Guide, SIC 22, Textile Mill Products Industry, Washington, 
DC, 1 985. 

Resource Dynamics Corp. and Battelle-Columbus Div., Textile Industry: 
Profile and OSM Options, Electric Power Research lnstnute, CU-6789, 
July, 1 990. 

PERIODICALS: 
Texfl1e World, Maclean Hunter Publishing Co., Atlanta, GA. 
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TRADE ASSOOADONS: 
American Association of Textile Chemists and Colorists 
P.O. Box 1 2215 
Research Triangle Par� NC 27709-2215 
(919) 549-8141 

Contact: Technical Director. T.echnical and scientific society of textile 
chemists and colorists in textile and related industries. Conducts texh1e 
research and disseminates scientific information. 

Texh1e Research Institute (TRI/Princeton) 
P.O. Box 625 
Princeton, NJ 08542 
(609) 924-3150 

Conducts nonproprietary scientific research in support of the textile and 
allied industries. Disseminates research information and maintains a 
technical library. 

1 58 



S I C  N U M B E R :  2 3

SIC TITLE: Apparel and Other Textile 
Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Apparel and other texh1e products manufacturers are located 
throughout the United States but are concentrated in the southeastern 
and northeastern states . 

• DESCRIPTION
The two largest industries in the apparel and other textile products SIC 
category-men's and boys' clothing and women's and misses' cloth· 
ing----consume more than half of the total electricity consumed by SIC 
23. Technological advancements for these two industries have concen· 
trated on more efficient methods of meeting the constant� changing 
consumer preferences in the marketplace. Most of the technological 
development has been in computer-aided manufacturing for cutting, 
stitching, pressing, automatic assemb�, and many other applications. 
Other electrotechnologies that industries in the sector may find bene­
ficial include laser cutting and infrared, microwave, and radio fre­
quency heating and drying. Demand-side management programs 
(such as shifting the time of day for peak electrical use) are not 
attractive to the industry because of the industrywide need to maintain 
high production rates for economic competitiveness. Cogeneration is 
also not an economical� attractive option because of the industry's 
small need for thermal energy and the lack of cheap byproducts that 
could be used as fuel for cogeneration systems. Electricity accounted 
for approximate� 42% of the energy consumed by the industry in 
1 988 or about 6,659 million kWh . 

• FOR MORE INFORMATION 
REFERENCES: 
Electric Power Research Institute, Demand-Side Management, Vol­
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, March 
1 988. 
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PERIODICALS: 
Bobbin, Bobbin International, Inc., Columbia, SC 

TRADE/RESEARCH ASSOCIATIONS: 
Textile/Clothing Technology Corporation 
706 Hillsborough St. 
Raleigh, NC 27603 
(919) 829-9071 

Contact: Joe Off. Research and development for oil aspects of apparel 
manufacturing. Assists apparel manufacturers in the justification for 
and implementation of advanced process techniques. 

Clemson Apparel Research Center 
500 Lebanon Rd. 
Pendleton, SC 29670 
(803) 646-8454 

The center's objectives include assistance to apparel manufacturers in 
the purchase justification of advanced manufacturing technology and 
conducting research to develop new manufacturing technologies. 
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S I C  N U M B E R :  2 4

SIC TITLE: Lumber and Wood Products 

• PREVALENCE IN WESTERN TERRI TORY 
Low. Lumber and wood producrs industries ore located primarily in the 
Pacific Northwest and the Southeast. Other manufacturers are gener­
al� located near the wood sources throughout the United Stales . 

• DESCRIPTION
The lumber and woad producls industry is dominated by the sawmills, 
planing milk, fabricated m�lworks, and p�ood manufacturers. These 
industries will most likely lead the SIC sector in electrotechnology 
development, especial� in automated technologies. Automation in­
cludes the use of lasers for cuffing; electron beam processing, ultravi­
olet, and infrared for curing coatings, glues, and paints or varnishes; 
and infrared, microwave, and radio frequency for healing and drying 
raw wood and wood producrs. Less sophisticated demand-side manage­
ment opportunities that could especially benefit the small manufactur­
ers are high-speed fans to shorten drying limes in steam kilns, 
variable-speed fans and motors to reduce electricity requirements for 
drying and other processes, and various vacuum drying technologies 
to increase the efficiency of drying processes. Because ofthe availability 
of wood byproducls, cogeneration and ahernafive fuek are common 
to ·this industry. Electricity accounted for approximately 14% of the 
energy consumed by the industry in 1 988 or about 1 6,431 million 
k'Ml . 

• FOR MORE INFORMATION
REFERENCES: 
Electric Power Research lnstilute, Bectrotechnologies for the Woad 
Processing Industry, EPRI report, CMF Report No. 90-4, 1 990. 

Electric Power Research lnsliMe Center for Materiak Fabrication, 
Eledrotechnology Advances in Wood Processing, CMFTechCommenfary, 
Vol. 6, no. 1, 1 990. 
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PERIODICALS: 
Forest Products Journal, Forest Products Research Society, Madison, WI. 

TRADE ASSOCIATIONS: 
Forest Products Research Society 
2801 Marshall Ct. 
Madison, WI 53705 
(608) 231-1361 

Information-gathering organization for wood industry research, devel­
opment, production, utilization, and distribution-from logging oper­
ations through finished products and utilization of residues os 
byproducts. 

Notional Forest Products Association 
1 250 Connecticut Ave. NW, Ste. 200 
Washington, DC 20036 
(202) 436-2700 

Represents the forest industries on national issues, induding the man­
ufacture, distribution, and use of wood products. May refer callers to 
the American Wood Council (same address and telephone). 
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S I C  N U M B E R :  2 5

SIC TITLE: Furniture and Fixtures 

• PREVALENCE IN WESTERN TERRITORY
Low. Most of the furniture ond fixture production in the Unned States 
is in the southern states; North Carolina is the principal furniture­
producing state . 

• DESCRIPTION 
Opportunities for demand-side management do exist in the low­
energy and low-electri(ity-intensive furniture and fixture industry. 
Pro(esses mmmon to the sedor indude lumber drying; wtting of wood, 
fobrk, ond other materials; ossemb� pro(esses su(h os stapling and 
bohing of furniture ports; and final finishing SU(h os staining, pointing, 
ond drying. Infrared drying ond wring, radio frequency heating and 
drying, indired resiston(e heating, uhroviolet beom pro(essing, and 
eledron beam pro(essing ore oil eledrotemnologies oppli(oble to 
wood, adhesive, and finishing (Outings, drying, ond wring. Loser 
tochnologies ore beginning to be introdu(ed for wood, gloss, metol, and 
fobrk wtting. Automation of ossemb� pro(esses (Ould olso benefit the 
industry. Lower (Ost retrofit measures to the industry's pro(esses indude 
installing high-speed fans in steam kilns to docrease drying time; 
replacing drying fons wnh variable-speed fons to better mat(h fan 
speeds with drying air velo(ity requirements; and using various vowum 
drying te(hniques to docrease energy (Qnsumption and in(rease prod­
uct quality. Electri(ity O((ounfed for approximate� 30% of the energy 
(Onsumed by the industry in 1 988 or about 5,651 million kWh . 

• FOR MORE INFORMATION 
REFERENCES: 
Electri( Power Reseor(h Institute Center for Materials Fobrkotion, 
Electrotochnology Advances in Wood Processing, CMF Toch Commen­
tary, Vol. 6, No. 1, 1 990. 

PERIODICALS: 
Wood and Wood Products, Von(e Publishing Corp., Un(olnshire, IL 
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TRADE ASSOOATIONS: 
Wood Machinery Manufacturers of America (WMMA) 
1900 Arch St. 
Philadelphia, PA 191 03 
(21 S) 564-3484 

Contact: WMMA. Manufacturers of heavy woodworking machinery and 
cutting too� for industrial use. Seeks to develop better high-5peed, 
high-precision production equipment and assist the user in its selection. 
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S I C  N U M B E R :  2 6

SIC TITLE: Paper and Allied Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Approximate� hoff of the U.S. pulp and paper products ore 
produced in the southeastern region of the United States, with the 
remaining half divided even� among the Northeast, North Central and 
West . 

• DESCRIPTION 
When compared to other industrial classifications, the pulp and paper 
industry consumes the third largest amount of electricity. About one­
third of the total energy used in the chemical pulping and paper process 
is used for pressing and drying the paper products. Two types of paper 
processing ore used by the industry: mechanical and chemical process· 
ing. The mechanical process is much more energy intensive and is now 
used by significantly fewer manufacturers. An estimated SO% more 
electrical energy is needed for the mechanical process than for the 
chemical process. Mechanical processing, however, produces much 
higher yields and does not hove the environmental impact of the 
chemical processes. For this reason, mechanical processing is expected 
to grow, compared to chemical processing. Self11enerotion satisfies 
roughly half of the industry's electrical needs. The industry will most 
like� increase the usage of cogeneration and other self11eneroted 
fuek. Electricity accounted for approximately 8% of the energy con­
sumed by the industry in 1988 or about 55,517 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Eloohi, A., H.E. Lowitt, The Pulp anti Paper Industry: An Energy 
Perspective, DOE/RV01830-TS7, Energetics, Inc., Columbia, MD, April 
1988. 

Herzog, JJ., J.W. Tester, "Energy Management and Conservation in the 
Pulp and Paper Industry," Energy anti the Environment in the 21st 
Century, proceedings of the conference held of the Massachusetts 
Institute ofTedmology, Cambridge, MA, March 26-28, 1990, pp. 437-447. 
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PERIODICALS: 
TAPPI Journal, Technical Association of the Pulp and Paper Industry, 
Atlanta, GA. 

TRADE ASSOCIATIONS! 
American Paper lnst�ute 
260 Madison Ave. 
New York, NY 1 0016 
(212) 340-0600 

Contact: Energy and Technology Deportment. U.S. manufacturers of 
pulp, paper, and paperboard. Gathers, compiles, and disseminates 
information and conducts research on scientific and technical problems. 

Technical Association of the Pulp and Paper Industry (TAPPI) 
Technology Pork/ Adonia 
P.O. Box 1051 13  
Adonia, GA 30348 
(404) 446-1400 

Contact: Information Resources Center. Engineers, research scientists, 
and others in the pulp, packaging, converting, paper, nonwovens and 
allied industries. Research and development in pulp manufacturing, 
paper and board manufacturing, process and product quality, and other 
areas. 
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S I C  N U M B E R :  2 7

SIC TITLE: Printing and Publishing 

• PREVALENCE IN WESTERN TERRI TORY 
High. Printing and publishing industries are found throughout the 
Unned States. Most industries are small, employing fewer than 100 
people . 

• DESCRIPTION 
The printing and publishing industry is a low energy-intensive industry 
ranking 13th in eledricity usage in 1988. Motors and drives for press 
work and binding is the most electricny-intensive segment of the 
industry. Process developments that have resuked in increased electri­
cal demand in the past decade have occurred wnh the increased use of 
automation, lasers, and microprocessors--most� for press operations 
and finishing (cuffing, binding, etc.) processes. Developmentofrobotics 
(primarily for binding processes and materials handling) is expected 
to continue rapid� in the near future. More efficient process drying 
electrotechnologies such as radiation-, microwave-, infrared-, and radio 
frequency-drying and curing will become attractive to the industry as 
the trend toward slower drying (but less environmentally harmful) 
vegetable-based inks increases. Electricny accounted for approxi­
mately 50% of the energy consumed by the industry in 1988 or about 
17,052 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Electric Power Research lnstnute, Demand-Side Management Vol­
ume 5: Industrial Markets and Programs, EPRI WEM-3597, March 
1 988. 

PERIODICALS: 
GATFWORLO, Graphic Arts Technical Foundation, Pittsburgh, PA. 
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TRADE ASSOCIATIONS: 
Graphic Arts Technical Foundation 
4615 Forbes Ave. 
Pittsburgh, PA 15213 
(412) 621 -6941 

Contort: Jim White--Membership Manager. Scientific, technical, and 
educational organization whose membership represents every facet of 
the printing and pub�shing industry. Conducts research in all graphic 
processes and their commercial applications. 
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S I C  N U M B E R :  2 8

SIC TITLE: Chemicals and 
Allied Products 

• PREVALENCE IN WESTERN TERRITORY 
High. Most chemical manufacturers ore located near o row material 
source ond/ or in oreos of relative� inexpensive energy . 

• DESCRIPTION
The energy-intensive chemicok ond allied products industry ronks 
second in both total energy ond electricity consumed when compared 
to the other SIC categories. The three largest electricity-<onsuming 
industries ore the industrial inorganic chemicok, the industrial organic 
chemicok, ond the plostiiS materiok ond synthetics industries. Because 
the electrical usage is very diverse for the sector, demand-side man­
agement (DSMJ strategies must be evaluated on o site- ond industry­
specific basis. DSM opportunities that moy be applicable to some 
chemical industries indude scheduling energy-intensive processes for 
off-peak periods or better utilizing unused off-peak production capac­
ity. Electricity consumption moy increase for some chemical industries 
with the introduction of plasma processes for the production of high­
purity silicon, titanium dioxide, ond sihcon carbide, ond with the 
introduction of electric ore processing for converting cool to acetylene. 
The larger consumers of electricity ore reducing their consumption of 
purchased electricity by relying more heavily on cogenerated electricity 
or by implementing more efficient processes. For example, the chlor­
olkoli industry is replacing the diaphragm cell process with the more 
efficient membrone cell process ond reducing electricity consumption 
by 20%-35%. Electricity accounted for approximately 9.5% of the 
energy consumed by the industry in 1988 or about 1 21,854 million 
kWh. 
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• FOR MORE INFORMATION 
REFERENCES: 
Electric Power Research lnslilule, Demand-Side Management Vo� 
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, Murch 
1988. 

PERIODICALS: 
Chemical Engineering, McGraw Hill Inc., New York, NY. 
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S I C  N U M B E R :  2 9

SIC TITLE: Petroleum and 
Coal Products 

• PREVALENCE IN WESTERN TERRITORY
Medium. The states with the largest petroleum refining copoc�ies in the 
western terr�ory ore Texas and California. Other petroleum and cool 
product industries ore located throughout the terr�ory . 

• DESCRIPTION 
The petroleum and cool products industry ronks first in total energy 
consumption but tenth in electricity consumption. This sector is domi· 
noted by the energy-intensive petroleum-refining industry. The petro­
leum-refining industry, which primarily produces gasoline, kerosene, 
fuel oik, lubriconts, and other products from crude petroleum, requires 
more than 95% of both the total energy and electric� consumed by 
the sector. The high-temperature process heat requirements of the 
refining process characterizes this industry. Demand-side management 
opportunities for the industry include cogeneration, industrial process 
heat pumps, and process heat recovery because of the high process 
heat loads. As older steam-driven turbines wear out, the industry has 
been replacing these turbines �h electrically driven motors. Electricity 
accounted for approximately 3.4% of the energy consumed by the 
induStry in 1988 or about 6,225 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Robertson, J.L, "Energy Efficiency in Petroleum Refining-Aaom�ishments, 
Applications, and Environmental interfaces," Energy and the Environ­
ment in the 21st Century, proceedings of the conference held at the 
Massachusetts ln�e of Technology, Cambridge, MA, March 26-28, 
1990. 
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PERIODICALS: 
Results (Houston}, Exxon Co., Houston, TX. 

Petroleum Engineer International, Edgell Communications, Oeveland, 
OH. 

TRADE ASSOCIATIONS: 
American Petroleum lnstiMe 
1 220 L St. NW 
Washington, DC, 20005 
(202) 682-8000 

Contact: Ubrary. Represents corporations in the petroleum and allied 
products industries thot encourage the study of the arts and sciences 
connected with the petroleum industry. Publishes several hundred 
manuals, booklets, and other materials on production, refining, re· 
search, and other areas related to the industry. 
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S I C  N U M B E R :  3 0

SIC TITLE: Rubber and Miscellaneous 
Plastic Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Rubber ond plastic products monufocturers ore evenly distrib­
uted in most of the states located in the western territory . 

• DESCRIPTION 
The rubber ond miscellaneous plastics products industrial sector com­
prises two industries, eoch with o unique manufacturing process. The 
rubber industry depends on o six step process: drying, baking, 
calendering, extrusion, varnishing, ond vulcanizing. The vulcanization 
process offers the most opportunity for DSM strategies. Vulcanizing 
chamber exhaust con provide waste heot to use for preheating oir or 
boiler feedwater. Microwave heating is olso replacing the traditional 
steam or electric heated vulcanizing chambers. The plastics industry is 
chorocterized by three methods of processing thermoplastic or thermo­
setting resins: extrusion, molding, ond thermoforming. These processes 
require drying, curing, heating, ond cooling of the plastic. Elec­
trotechnologies such os radio-frequency heating ond drying, infrared 
drying ond curing, ond electron beom processing could improve the 
efficiency of the processes ond reduce the quantity of waste heot. 
Fino1�, reusing waste rubber ond waste plastic os o secondary fuel is o 
viable DSM strategy for both industries. Electricity accounted for op­
proximote� 42% of the energy consumed by the industry in 1 988 or 
about 31,299 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
American Consuking Engineers' Council, Industrial Market and Energy 
Management Guide, SIC 30, Rubber and Plastics Products Industry, 
Washington, DC, 1985. 
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PERIODICALS: 
Plastics Engineering, The Society of Plastics Engineers, Brookfield 
Center, CT. 

Rubber and Plastic News, Crain Communications Inc., Akron, OH. 

TRADE ASSOCIATIONS: 
Rubber Manufacturers Association 
1 400 K St. NW 
Washington, DC 20005 
(2021 682-4800 

Manufacturers of tires, tubes, mechanical and industrial products, 
roofing, sporting goods, and other rubber products. Publishes hand­
books, standards, and specificotions. 

Society of the Plastics Industry 
1 27 5 K St. NW, Ste. 400 
Washington, DC 20005 
(202) 371-5200 

Contact: Information Deportment. Manufacturers and processors of 
molded, extruded, fabricated, laminated, calendered, and reinforced 
plastics, as well as manufacturers of row moteriok, machinery, tools, 
dies; and molds. 
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S I C  N U M B E R :  3 1

SIC TITLE: Leather and 
Leather Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Manufacturing estoblishmenls within the western territory ore 
concentrated in the southwestern states. Leather and leather products 
industries ore also concentrated in the northeastern and north central 
regions of the United States . 

• DESCRIPTION 
The leather and leather products industry is one of the least electricity­
intensive industrial SIC sectors. The nonrubber footwear industry is the 
dominating industry of the group. Most of the development for elec­
trotechnology application has been for this industry. Automation for 
materials handling, cutting, and stitching is receiving the most atten­
tion. Specific electrotechnologies being developed are loser cutting, 
infrared drying, and microwave and radio frequency heating and 
drying technologies. The leather and leather products industry is 
generally eager to implement new technologies into its manufacturing 
processes in order to become more competitive with imported goods; 
however, the high cost of new technology is ofien prohibitive to smaller 
manufacturers. Electricity accounted for approximate� 30% of the 
energy consumed by the industry in I 988 or about I ,391 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Hiles and Skins, publmed by the U.S. Hide, Skin and Leather Association. 

PERIODICALS: 
Leather Manufadurer, Shoe Trades Publishing Co., Cambridge, MA. 

World Footwear, Shoe Trades Publishing Co., Cambridge, MA. 
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TRADE ASSOCIATIONS: 
U.S. Hide, Skin and Leather Association 
1700 N. Moore St., Ste. 1 600 
Arlington, VA 22209 
(703) 841-5485 

Membership includes producers, processors, and others who handle row 
hides and skins. 

Leather Industries of America 
1 000 Thomas Jefferson St. N\Y, Ste. 515 
Washington, DC 20007 
(202) 342-8086 

Represents firms engaged in leather tanning. Works for the promotion 
and advancement of the leather industry through the collection and 
dissemination of technical research and other areas. 
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S I C  N U M B E R :  3 2

SIC TITLE: Stone, Clay, and Glass 
Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Stone, cloy, and gloss industries in the Western territory ore 
(Oncentroted in Col�ornio and Texas, with other plants distributed 
throughout the territory. The industry is more heovi� concentrated in 
the eastern third of the Unned Stoles . 

• DESCRIPTION
The stone, cloy, and gloss industry is ranked sixth for electricity use. 
The cement and gloss industries consume approximately 70% of the 
total electrical power consumed by SIC 32. Most of the electricity used 
by the cement industry is for grinding the row moterio�. Grinding 
efficiencies ore usual� very low, leading to demand-side management 
(DSM) opportunities for energy-efficient motors and drives. A majority 
of the electrical usage by the gloss industry is for heating and mehing 
of row materials, onneahng the formed gloss, and operating mechan­
ical equipment drives. Kilns used by the cement industry and furnaces 
in the gloss industry (most often fired by fossil fue�) lose tremendous 
amounts of heat through the walls of the kiln or furnace and in exhaust 
gases. Process heat recovery and tile addition of supplemental electric 
resistance healing (gloss industry) ore possible DSM opportunities to 
counteract these losses. Eledricny accounted for approximately 1 2% of 
the energy consumed by the industry in 1988 or about 33,793 million 
kWh . 

• FOR MORE INFORMATION
REFERENCES: 
American Consulting Engineers Council, Industrial Market and Energy 
Management Guide, SIC 32, Stone, Clay, Glass Products Industry, 
Washington, DC, 1987. 

Mellon lnstnute, Gloss Industry Scoping Study, Science Applications 
International Corp., Electric Power Research Institute, July 1 988, 
EM-5912. 
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PERIODICALS: 
Stone Review, Notional Stone Association, Washington, DC. 

Glass Magazine, Notional Gloss Association, Mclean, VA. 

TRADE ASSOCIATIONS: 
Notional Stone Association 
1415 Elliot Pl. NW 
Washington, DC 20007 
(202) 342-1 1 00 

Contort: Public Affairs Director. Producers and processors of crushed 
stone; manufacturers of machinery, equipment, and supplies used in 
the production of crushed stone. 

Notional Gloss Association 
8200 Greensboro Dr., Ste. 302 
Mclean, VA 221 02 
(703) 442-4890 

Manufacturers and fabricators of flat, orchitedurol, automotive, and 
speciohy gloss. Provides educational and technical Services. 
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S I C  N U M B E R :  3 3

SIC TITLE: Primary Metals 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Most primary metals production locations are east of the 
Mississippi River. Manufacturers in the western territory are usually in 
areas of low electric power rates . 

• DESCRIPTION 
The primary metals industry is the largest industrial user of electricity, 
consuming 21% of the total electricity consumed by industry in 1 988. 
A primary metals manufacturer is often the single largest customer for 
a utitlty. SIC 33 is dominated by the primary iron and primary 
aluminum producers. Electric arc furnaces are re�acing the traditional 
methods of steel production, especial� as conventional steel-making 
facilities wear out. Minimills, which use on� scrap steel as the base 
material, use electric furnaces exclusive� for mehing scrap, continuous 
casting, and rolling and finishing processes. Process heat recovery from 
the exhaust gases of the blast furnaces in conventional steel-monufocturing 
plants may be utilized for preheating various process steps or for 
electric power generation. In the aluminum industry, approximately 
70% of the energy required is in the form of electricity. Electricity 
accounted for approximately 1 8% of the energy consumed by the 
industry in 1 988 or about 1 49,202 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Arthur D. Uttle, Inc., Aluminum Industry Scoping Study, Electric Power 
Research Institute, Center for Meta� Production, CMP 86-2, August 
1986. 

Mellon Institute, Technoeconomic Assessment of Bectric Steelmaking 
Through 2000, Electric Power Research Institute, Center for Meta� 
Production, EM-5445, October 1 987. 

179 



PERIODICALS/DATA BASES: 
World Aluminum Industry Abstracts--data bose; producer: ASM Inter­
notional, Metok Pork, OH. 

Iron and Steel Engineer, Association of Iron and Steel Engineers, 
Pittsburgh, PA. 

TRADE ASSOCIATIONS: 
Aluminum Association 
900 1 9th St. NW, Ste. 300 
Washington, DC 20006 
(202) 862-5100 

Contact: Technical Information Deportment. Producers of aluminum 
and manufacturers of sem�obricoted aluminum products. Free catalog 
listing all publications, reprints, and audiovisual material. 

American Iron and Steel lnstiMe 
1 133 15th St. NW 
Washington, DC 20005 
(202) 452-71 00 

Contact: Deportment of Manufacturing and Technology. Basic manufac­
turers and individuok in the steel industry. Conducts extensive research 
programs on manufacturing technology, energy, fuel consumption, and 
other areas. 
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S I C  N U M B E R :  3 4

SIC TITLE: Fabricated Metal Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Monufoclurers of fabricated metol products ore located in 
every state of the western territory; however, the industry is more 
heavily concentrated in the eastern third of the United Stutes . 

• DESCRIPTION
Approximate� one-quarter of the toto! energy used by the fobricoted 
metol products industry is purchased electricity. This industry hos more 
potential for electrotechnology applications thon most industrial sec· 
tors. Because of the process heat requirements of this industry, oppl� 
cations such os process heat recovery for spoce heating; preheating 
boiler moke-up water; preheating oven, furnace, ond incinerator oir; 
ond other opphcotions could be beneficial to almost every fabricated 
metol products monufoclurer. Induction ond infrared heating ond 
curing offer efficient alternatives to the troditionol fossi�fuel-fired 
systems used by most monufoclurers. Industrial process heat pumps 
utilized to recover vaporized solvents that would otherwise hove been 
incinerated is another demond�de monogement option opplicoble to 
the industry. Bectricity accounted for approximate� 30% of the energy 
consumed by the industry in 1 988 or obout 30,952 mdlion kWh . 

• FOR MORE INFORMATION
REFERENCES: 
American Consulting Engineers' Council, Industrial Market and Energy 
Management Guide, SIC 34, Fabricated Metal Produds Industry, Wash­
ington, DC, 1987. 

PERIODICALS: 
The Fabricator, Fobricotors ond Monufoclurers Association, Rockford, 
IL 

Stamping Quarterly, Fabricators ond Monufoclurers Association, Rock­
ford, IL 
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The Tube and Pipe Quarterly, Fabricators and Manufacturers Associa­
tion, Rockford, IL 

TRADE ASSOOATIONS: 
Fabricators and Manufacturers Association, International (FMA) 
833 Featherstone Rd. 
Rockford, IL 61 107 
(815) 399-8700 

Contact: Technkal lnformotion Center. A technical educational associa­
tion whose members include those interested in the metal forming and 
fobrkating industry. Periodicak published by FMA are free to interested 
individuals. 

National Machine Tool Budder's Association-­
Assodation for Manufacturing Technology 
7901 Westpark Dr. 
Mclean, VA 22102 
(703) 893-2900 
toll-free number (800) 544-3597 

Contact: Information Resource Center. Makers of power -driven ma­
chines used in the process of transforming man-made materials into 
durable goods. Promotes research and development in the industry. 
Maintains a computerized data base on machine tool technology. 
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S I C  N U M B E R :  3 5

SIC TITLE: Non-Electrical Machinery 
and Computer Equipment 

• PREVALENCE IN WESTERN TERRITORY
Medium. Manufacturers of nonelectric machinery producls ore located 
in every stole of the western territory; however, the industry is more 
heov�y concentroted in the eastern third of the United Stoles . 

• DESCRIPTION 
The nonelectricol machinery and computer equipment industry manu· 
factures industrial, construction and form machinery and equipment, 
machine took, computers and office equipment, and healing, ventilat­
ing, and oir-comtlfioning equipment. Because of the diversify of man-
ufacturing processes in this sector, demand-side management 
improvements must be evoluoted on o per process basis. However, 
there ore numerous electrotechnology opportunities !hot ore applica-
ble. Most of the monufocturers in this sector hove some sort of pointing 
operotion in their process which may benefit from microwave or 
infrared heoling. Welding processes (oko common to SIC 35) may 
benefit from plasma ore welding, loser welding, or electron beam 
welding electrotechnologies. Process heot recovery opportunities for 
boiler make-up woter preheat, industrial heat pumps, or cogenerotion 
systems exist for most processes of this sector. Electricity accounted for 
opproximote� 41% of the energy consumed by the industry in 1 988 
or about 33,480 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
American Consulting Engineers' Council, Industrial Market and Energy 
Management Guide, SIC 35, Nan-Electrical Machinery Products Indus­
try, Washington, DC, 1987. 

PERIODICALS: 
The Fobricotor, Fobricotors and Monufocturers �olion, Rockford, IL 
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Stamping Quarterly, Fabricators and Manufacturers Association, Rock­
ford, IL. 

The Tube and Pipe Quarterly, Fabricators and Manufacturers Associa­
tion, Rockford, IL 

Wood and Wood Products, Vance Publishing Corp., Lincolnshire, IL 

TRADE ASSOCIATIONS: 
Fabricators and Manufacturers Association, International (FMA) 
833 Featherstone Rd. 
Rockford, ll 6 1 1  07 
(81 5) 399-8700 

Contact: Technical Information Center. A technical educational associa­
tion whose members in dude those interested in the metal fanning and 
fabricating industry. Periodicals published by FMA are free to interested 
individuals. 

National Machine Tool Builder's Association­
Association for Manufacturing Technology 
7901 Westpark Dr. 
Mclean, VA 221 02 
(703) 893-2900 
toll-free number (800) 544-3597 

Contact: Information Resource Center. Makers of power-driven ma­
chines used in the process of transforming man-made materials into 
durable goods. Promotes research ond development in the industry. 
Maintains a computerized data bose on machine tool technology. 

Wood Machinery Manufacturers of America (WMMA) 
1900 Arch St. 
Philadelphia, PA 191 03 
(21 5) 564-3484 
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Contact: WMMA. Manufacturers of heavy woodworking machinery and 
cutting tools for industrial use. Seeks to develop better high-speed, 
high·precision production equipment and assistthe user in its selection. 
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S I C  N U M B E R :  3 6

SIC TITLE: Electric and Electronic 
Equipment 

• PREVALENCE IN WESTERN TERRITORY 
High. Electric and electronic equipment manufacturers are located 
throughout the UnHed States . 

• DESCRIPTION
The electric and electronic equipment industry is ranked eighth for 
electricity consumption. Industries in the sector produce a wide range 
of products including electric distributing equipment, household appli­
ances, communication equipment, and electronic components and 
accessories. More efficient motors and drives for materials-handling 
equipment and heating, ventilating, and air conditioning equipment is 
a demand-side management opportunity common to the sector as a 
whole. Induction heating, infrared heating, laser processing, and au­
tomation are anticipated to be more wide� used by SIC 36 in the 
1 990s. Electricity accounted for approximate� 48% of the energy 
consumed by the industry in 1 988 or about 31,852 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Electric Power Research lnstHute, Demand-Side Management Vo� 
ume 5: Industrial Markets and Programs, EPRI WEM-3597, March 
1988. 

PERIODICALS: 
Eledronic Engineering Times, CMP Publishing Co., Manhasset, NY. 

Electronic Padcaging and Production, Cahners Publishing (o., DesPiaines, IL 

TRADE ASSOCIATIONS: 
National Electrical Manufacturers Association 
2101 L St. NW 
Washington, DC 20037 
(202) 457-8400 
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Membership consists of companies that manufacture equipment used 
for the generation, transmission, distribution, control, and utilization 
of electric power. Objectives include maintaining and improving quality 
and reliabiiHy of products, energy conservation, and efficiency. 
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S I C  N U M B E R :  3 7

SIC TITLE: Transportation Equipment 

• PREVALENCE IN WESTERN TERRITORY
Medium. Approximately 9,500 transportation and equipment manu· 
factures ore distributed throughout the United States . 

. • DESCRIPTION
The transportation equipment industrial sedor is ranked eighth and 
fifth, respectively, for energy and electricity consumption. The sector, 
which manufactures products from bicycles and automobiles to guided 
missiles and space vehicles, is dominated by the motor vehicles equip­
ment industry. This industry consumes more than half of the total 
electricity consumed by SIC 37. The conversion from fossil fuels to 
electricity for heat-intensive manufacturing processes provides on 
opportunity for increased electrical use for all industries in the sedor. 
More efficient electrical processes may include infrared heating and 
curing of point coatings, induction and resistance heating for preheat­
ing and heat treatment of metal ports as well as heating metal for 
forming and forging, and electron-beam heating operations for surface 
hardening of high-wear metal ports. Electron beam welding and 
increased flexible manufacturing applications may also be beneficial 
to the sector. Electricity accounted for approximate� 36% of the energy 
con5umed by the industry in 1 988 or about 37,283 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Electric Power Research lnstiMe, Demand-Side Management Vol­
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, March 
1988. 

PERIODICALS: 
lntennodal Reporter, K-Ill Press, Inc., New York, NY. 
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TRADE ASSOCIATIONS: 
Motor Vehicle Manufacturers Association of the United States 
7 430 2nd Ave., Ste. 300 
Detroit, Ml 48202 
(313) 872-431 1 

Manufacturers of passenger and commercial cars, trucks, and buses. 
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S I C  N U M B E R :  3 8

SIC TITLE: Instruments and Related 
Products 

• PREVALENCE IN WESTERN TERRITORY 
Medium. Instruments ond related products manufacturers ore found in 
oil states of the western territory . 

• DESCRIPTION 
The instruments ond related products industry is o low energy- ond 
electricity-intensive industry relative to the other industrial SIC catego­
ries. The measuring ond control devices, medical instruments ond 
supplies, ond photographic equipment industries combined consume 
opproximote� three-quarters of the totol electricity consumed by the 
sector. The majority of the sector's energy consumption is for process 
ond spoce heating ond for motors ond drives. Energy use in these oreos 
could be fovorob� offerted by demand-side management technologies 
such os resistance heating, loser processing, ond energy-ilfficient mo­
tors ond drives. Automation olso hos potential for growth in the sector. 
However, the complex ond highly customized process operations ond 
the rapidly changing product technology limits possible automation 
applications. 8ertricity accounted for approximate� 43% ofthe energy 
consumed by the industry in 1988 or obout 1 4,344 million kWh. 

• FOR MORE INFORMATION
REFERENCES: 
IECON: International Conference on Industrial Electronics, Control and 
Instrumentation Proceedings, IEEE Industrial Electronics Society Confer­
ence, Institute of 8ertricol ond Electronic Engineers, Inc., New York, NY. 

PERIODICALS: 
MP Letter, Washington Business Information, Arlington, VA. 
Medical Device and Diagnostic Industry, Conon Communications, Inc., 
Sonto Monico, CA. 
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TRADE ASSOOATIONS: 
Instrument So(iety of America 
P.O. Box 1 2277 
67 Alexander Dr. 
Research Triangle Pork, NC 27709 
(919) 549-841 1  

Edu(ofionol organization dedi(oled to odvondng knowledge ond pro(­
tice reloted to the theory, design, manufacture, ond use of instruments 
ond (Ontrols in sden(e ond industry. 
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S I C  N U M B E R :  3 9

SIC TITLE: Miscellaneous 
Manufacturing 

• PREVALENCE IN WESTERN TERRITORY
High. The miscellaneous manufacturing industries sector is represented 
throughout the United States . 

• DESCRIPTION
The miscellaneous manufacturing industries sector is one of the lowest 
energy- and electricity-intensive industrial sectors. The unrelated indus­
tries that comprise this sector have such varied processing operations 
that demand-side management opportunities must be evaluated on a 
site- and process-specific basis. Motors and drives applications for 
materials handling, heat treating, mixing, molding, and space ventila­
tion equipment account for near� all of the electricity consumed by the 
sector. Energy-efficient motors and drives provide the most potential 
for energy conservation. Electricity consumption for space and process 
heating application tend to be low for the sector. Heating elec­
trotechnologies may benefit some industries and increase the amount 
of electricity consumed for heating applications. Electricity accounted 
for approximate� 1 0% of the energy consumed by the industry in 
1988 or about 4,183 million kWh . 

• FOR MORE INFORMATION
REFERENCES: 
Electric Power Research Institute, Demand-Side Management Val­
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, March 
1988. 
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A P P E N D I X  B 

BOILER EFFICIENCY TIPS 

1 .  Conduct flue gos onolys� on the boiler every 2 months. Opffmol percen1nges of 01, C01, and excess air in the exhaust goses ore given by: 

Table B-1 .  

Excess 
o, CO, Air 

Fuel (%) (%) (%) 
Notuml gas 2.2 10.5 10 
L�uid petroleum fuel 4.0 12.5 20 
Cool 4.5 14.5 25 
Woad 5.0 1 5.5 30 

The air-fuel mffo should be adjusted 1n the recommended opffmum values if possible; however, a boiler with o wide operoffng mnge may require o control system 1n constantly 
od�st the oir.fuel mffo. 



2. A high flue-gas temperature often reflects the existence of deposits ond fouling on the fire ondjor woter side(s) of the boiler. The resulfing loss in boi�r efficiency con be closely 
esfimoted on the basis thot o 1%  efficiency loss occurs with· every 40°F increase in stock temperature. The stock-gas temperorure should be recorded immediately after boiler 
servicing (including rube c�ning) ond this volue should be used os the oplimum reading. Stock-gas temperature readings shou� be token on o regular basis ond compared 
with the estoblished opfimum reading ot the some firing rote. A major voriofion in the stock-gas temperature indkotes o drop in efficiency ond the need for either oirfuel rofio 
od�s1ment or boaer-tube cleaning. In the absence of ony reference temperorure, it is normally expected thot the stock temperature wm be less than 1 00°F above the soruioted 
steam temperoture ot o h�h firing rote in o sorumted steom boiler (this doesn't apply to boi�rs with economizers ond oir preheaters).

3. After on overhaul of the boiler, run the bo�er ond �xomine the rubes for cleanliness after 30 days of operation. The accumulated amount of soot will estoblish the criterion os
to the necessary frequency of boiler-rube c�ning.

� 4. Check the burner heod ond orifice once o week ond clean if necessary. 

5. Check oil controls frequenlly ond keep them clean ond dry. 

6. For woler·rube boilers burning cool or od, blow the soot out once o doy. The Notklnol Bureau of Smndords indicates thot 8 days of operofion con result in on efficiency 
reduction of os much os 8"/o, coused sole� by soofing of the boiler rubes. 

7. The frequency ond amount of blowdown depend on the amount ond condition of the feedwoter. Check the operotion of the blowdown system ond make sure thot excessive 
blowdown does not occur. Nonnol�, blowdown should be no more than l% to 3% of steam oulput. 
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