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Conversion Table

To convert from To Multiply by

Btu (Brifish thermol wit)  kWh (kilowattho)  2.928x10°

dm m*/s 4719x10*
(cubic feet per minute) (cubic meter per second)

°F (degree Fahrenhei) °C (degree Celsius) (°F32)/18

ft (oot m (mefer) 3,048 x10”
1 (square feet) i (square meter) 9.290 x 102
1t (cubic eet) m (bicmele) 2831107
gal (gallon) m® (cubic mefer) 3785x10°
gom m/s 6.309x10°
(gallon per minute) (cubic meter per second)

hp (horse power) w (wotf) 7.460x10
in (inch) m (meter) 2.540x 107
Ib (pound) kg (kilogram) 453 x10"

Po (pascal) 6895 10°

psi
(pounds per square inch)

fon kg (kilogram) 9072 x10%
(shart, 2,000 Ib)



DSM Pocket
Guidebook

Volume 4: Industrial Technologies

Prepared by
National Renewable Energy Laboratory
1617 Cole Boulevard
Golden, CO 80401
(303) 275-4065

Prepared for:
‘Western Area Power Administration
Energy Services
1627 Cole Boulevard, Box 3402
Golden, CO 80401
(303) 231-7504

and the
U.S. Department of Energy
Office of Industrial Technologies
Washington, DC 20585
(202) 586-1298



DISCLAIMER OF WARRANTY AND
LIMITATION OF LIABILITY

This report was prepared as an account of work sponsored by an ogency of the United States
govemnment. Neither the United States govemment nor any agency thereof, nor any af their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apporatus,
produc, or process disclosed, or represents that its use would not infringe privately owned
righs. Reference herein to any specific commercial product, process, or service by trode
name, trodemark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States govemment or any agency thereof.

Printed in the United States of America
Available from:

National Technical Information Service
U1S. Department of Commerce
5285 Port Royul Rood
Springfield, VA 22161

Price: Microfiche A1
Printed Copy A10

Codes are used for pricing all publications. The code is determined by the number of pages
in the publication. Information periaining to the pricing codes can be found in the current
issue of the following publications which are generally available in most libraries: Energy
Research Abstracts (ERA), Government Reports Announcements and Index (GRA and 1},
Scienfific and Technical Abstract Reports (STARY, and publication NTIS-PR-360 available from
NTIS ot the above address.



CONTENTS

Introduction to Volume 4:
Industrial Technologies
Section 1—DSM Measures

Brief # Page No
l. COOLINGSYSTEMS ................... 6
1. Condenser Water Temperature Reset . . . . . . . B
2. Chilled Water Supply Temperature Reset . . . . 11
3. HotGasDefrost ................ 14
4. Two-Speed Motorson Cooling TowerFans . . . 17
Il. HEATING SYSTEMS .................. 20
5. DestrafificationFons .. ........... 2
6.  ComfortRadiant Heating Systems . . . . . .. 23
7. Process RadiantHeatingSystems . . . . . .. 26
8 Quartz Radiant Heoting Systems . . . . . . . 29
H. BOILERS . ...................... K)
9. CombustionAir Blower Variable-
Frequency Drives . ............. 33
10.  Air/FuelRafioReset . ............. 36
1. Tubolators .................. 40
12.  High-Pressure Condensote Return Systems . . . 43
13. SteamTrapRepair .............. 46
14.  Steom leak Repair .............. 48
IV. AIRCOMPRESSORS ................. 50
15. OutsideAirUsage . .............. 51
16. leokogeRedudion .............. 54
17.  Cooling Water Heat Recovery . .. ... ... 51
18. Waste Heot Recovery . ............ 59
19. PressureReduction . ............. 61
20.  Screw Compressor Controls . ... ... ... 64
21.  Compressor Replacement .. ......... 66
22. low-Pressure Blowers . ............ 69



Brief # Page No.

V. INSULATION ..................... n
23.  Steam Lines and Hot Woer Pipes .. .. ... 72
24, (hilled Water Pipes . .. ........... 76
25. HoTonks ................... 78
2. ColdTonks ................... 80
27. InjectionMoldBarrels . ............ 82
28. DockDoors .................. 84
VI. INDUSTRIAL PROCESS HEATRECOVERY .. ...... 86
29.  Industrial Process Heat Exchangers . . . . . . . 87
30.  Waste Heat Recovery Boilers .. ....... 2
3. Cogenerafion ................. 9%
32 Industrial Process Heat Pumps . . .. .. .. 100
VIl SOLARENERGY . .................. 104
33, Solor Industrial Process Heating . . . .. .. 105
34.  Once-Through Solar Heated
Ventilation and ProcessAir . . ... .. .. 115

35.  Solar Photocatalytic Water Detoxificotion . . . 119
VIIL. ELECIRICAL USAGE SHIFTING AND CONTROLS . . . 125

36. Demond Controk . ............. 126
37.  Interruptible and Curtoiloble Serviee . . . . . 129
38. Powerfodor ................. 132
MOTORS — Update o Motors Briefs in DSM Pocket Guidebook,
Yolume 2: Commercial Technologies . . . . . 135

LIGHTING — Update to Lighting Briefs in DSM Pocket Guidebook,
Yolume 2: Commercial Technologies . . . . 140



SECTION 2—DSM OPPORTUNITIES IN
EACH TWO-DIGIT STANDARD INDUSTRIAL

CLASSIFICATION
SIC# Page No.
STANDARD INDUSTRIAL CLASSIFICATION (SIC) CODES . . 145
20. FoodandKindredProducts . . . ... ... 154
21. TobaccoProdudts .............. 156
22, Textile Mil Produds . ........... 157
23.  Apparel and Other Textile Produds . . . . . 159
24, lumber and Wood Products . . . ... ... 161
25.  Furnitureand Fixtures . . ... ... ... 163
26.  Paperond AlliedProducts . . ... ... .. 165
27.  Prinfing and Publishing . .. ........ 167
28.  (Chemicals and Allied Produdts . . . . . . .. 169
29.  Petroleum and Coal Products . . ... ... m
30.  Rubber and Miscellaneaus Plastic Products . 173
31.  Leother ond Leather Products . . ... ... 175
32, Stone, oy, and GlossProduds . . . . . . . 177
33, PrimoryMetals . .............. 179
34.  Fabricated Metal Products . ... ... .. 181
35.  Non-Hedricol Machinery and
Computer Equipment ... ........ 183
36.  Bectricand EHedronic Equipment . . . . . . 186
37.  Transportation Equipment . . ... ... .. 188
38.  Instruments and Reloted Produds . . . . . . 190
39.  Miscelloneous Monufocturing . .. ... .. 192
Appendix A: Directory of Energy Analysis and
Diagnostic Cenfers . ... ............. 193
Appendix 8: Boiler EffidencyTips . ........... 205



Page
Intentionally
Blank



Il FOREWORD

In previous years of low-cost energy, mony demand-side management
(DSM) technologies simply were not cost-effective. Today, however, with
rising energy prices and the mandote to conserve, utility DSM programs
and advanced energy-efficient technologies offer utilities significant
opportunity for economic means to reduce operating costs and shift or
defer load growth. Furthermore, recent developments in DSM technol-
ogies have improved energy quality and reduced customer mainte-
nance costs.

This series of guidebooks is intended as a fool for utility personnel

involved in DSM programs ond services. Both the novice and the DSM
expert can benefit from the information compiled.
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PREFACE TO THE
DSM POCKET GUIDEBOOK

l INTRODUCTION

It has been estimated thot i electricity were used more efficiently with
currently availoble end-use technologies, 24%-44% of the nation’s
current demand for electricity could be eliminated. Almost all major
eledric utilities in the West are investigating such DSM opportuniies.
Even utilities that currently have excess capacity are finding that DSM
offers an opportunity fo build end-use stock fo help them meet their
future load shape objecives.

Utility DSM programs typically consist of several measures designed to
modify the ufility’s load shape (for example, innovative rate structures,
direct ufility control of loads, promotion of energy-efficient technolo-
gies, and consumer education). The coordinated implementation of
such measures requires planning, analysis of options, engineering,
marketing, monitoring, and other coordinated activities. This guide-
book addresses one facet of an overall DSM progrom: selection of
end-use technologies within the eledirical utilities.

B 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 ufility better able to serve its customers
by providing low-cost, reliable power. Yet the utility must also be able
to recover ifs fixed and operating costs. In praciice, 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
load 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 impadts on the utility’s load curve.

A number of additional factors must be considered in technology

selection. Primary among these are customer acceptance of different
end-use technologies, the ype of morketing effort requiredfo promote
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each, and the potential impad on the utility’s revenues. These are not

oddressed in this guidebook.

I INTENDED AUDIENCE

Thisguidebook isintendedto be a quick reference sourcebboth for utility
field representatives in their customer interadtions and for ufility
planners in the early stages of developing a DSM program. It is
designed 1o allow a quick screening of commercially available electric
end-use technologies for the industrial sector.

This guidebook is directed primarily ot small municipal utilities and
rural eledtric cooperatives within the Western Area Power Administra-
tion (Western) service area (see Figure 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 opfions.

Bl METHODOLOGY/DATA

This guidebook contains two major sections. The first section describes
DSM technologies. The second sedtion provides sources for more infor-
mation on DSM options for each (iwo-digit) standard industrial dossi-
fication. In Sedtion 1, for each technology the guidebook presents a
short, numbered technology brief—fext that describes the option, its
relevant applications, and its potential impact on the utility’s lood
duration curve. Each brief also indudes a summary table (usually not
specifically referred to by number) with quantitative estimates of initial
costs, energy savings, and simple paybadk to the customer.

The data for the briefs on heating systems, cooling systems, boilers, air
compressors, insulation, and electrical usage shiffing and controks were
provided by Colorado State University (CSU) from the national Energy
Analysis and Diagnostic Centers (EADC) data base. CSU is one of 22
EADCs funded by the U.S. Depariment of Energy o conduct energy
audits in manufacturing and industrial facilifies. A listing of all EADGs
is found in Appendix A. Each EADC provides services in a unique
geographicregion. (SU audits and makes recommendations for small
manufacturing faclities in Colorado, Wyoming, and Nebraska that
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meet the following riteria: (1) 500 employees or fewer; (2) gross soles
notto exceed 575 milkion per year; (3) energy bills notto exceed $1.75
million per year; and (4) no in-house energy engineer. Two other EADGs
in Western's service territory are located at the University of Kansas
and Texas A&M University. The costs in the EADC data base ore in 1992
dollars. The data bose contains reports from 2423 sites that were
audited by an EADC and that implemented some of the recommended
measures. The reports were submitted by the companies following
implementation of the measures. The retrofit cosls represent an aver-
age of actual installed costs. The energy cost savings represent an
average of actual cost savings bosed on local utility rates. For measures
that save electricity, the savings are expressed in kWh. For measures
saving gas, the savings are presented in MMBtu. The EADC data is
footnoted regarding frequency of implementation. The frequency re-
fers to the number of fimes the measure was implemented divided by
the number of fimes the measure was recommended. No monitoring
of energy cost savings has been done under the EADC programs. The
energy savings reported are often bosed on the estimated energy
savings thot the EADC provided to the dient following the audit but may
also be bosed on actual uiility bills.

For measures on solar energy and process waste heat, cost and energy
savings were faken from existing literature, induding documentation
of completed utility DSM programs, field studies and expefiments,
manufadurers’ data, laboratory experiments, and computer simula-
tion and analysis. The sources used varied, depending primarily on the
availability of dato and the complexity of the technology. The dollar
savings were calculated based on o nationwide average rate of
$0.05/kWh for the industrial sedtor.

Unlike the first three volumes, the industrial volume includes eleciric
and noneledricmeasures. The nonelectric measures are included in the
guidebook in the interest of making the guidebook more complete.
Most manufacturing plants have atleast one boiler, and there are many
opportunities to reduce energy consumption of boilers. A goal in
preparing this guidebook is to help utility customers save energy;
therefore, these measures have been induded.



The purpose of Section 2 is fo provide concise information on the
leading DSM options ineach (two digit) standord industrial classification
and directthe reader o reports and trade associationsthat can provide
more information on DSMtechnologies in specific industries. The section
indudes o screening matrix that indicates which technologies have
widespread application in each induskry.

Because of the condensed nature of this guidebook and our desire to
keep it simple, we have provided only limited references for the source
moterials and computations. The guidebook is not infended to substi-
tute for a detailed anolysis, but rather to point the reader toward those
technologies most likely o benefit both the end user and the utility. For
more detaiks, the reader should consult the references (in sections fitled
For More Information) at the end of each brief.



P-1. Western Area Power
area map
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Il DATA VARIABILITY AND UNCERTAINTY
A problemwith guidebookslike thisis that the datacan, at best, present
only a simple overview of each technology. Yet hundreds of volumes
have been written describing the application” of these technologies.
Consequently, the cost and performance estimates presented here
should be used with a clear understanding of the sources of variability
and uncerfainty.

Performance varies with dimate and with the technology’s design and
configuration, the system within which it is applied, and the way it is
used. Cost varies with the quality or brand of an individual component,
the size of the refrofit, the existing conditions found af the site, the
quantity ordered {e.g., cost per lamp for @ major commercial lighting
refrofit will be less than the retail purchase price of a single lamp),
and/ar the time of purchase (inflation and technological improvements
change costs over time). When dealing with retrofits and the variation
found in unique manufacturing fadilities, very few, i any, rules of
thumb about costing apply.

Similarly, there are significant sources of uncerfainty in the perfor-
mance dato. As previously mentioned, the savings are based on
estimated sovings and have not, in all cases, been verified through
performance monitoring.

The EADC data base represents the most comprehensive source of
existing data on industrial retrofits. For the ather measures, we have
identified the best sources of data we could find and allowed for
numerous peer reviews of the information.

We are more confident of some of the results than we are of others,
Thus, for many technologies, we have included a rough measure (high,
medium, low) of our confidence and the extent of the data variability
and uncertainty. We expect that future revisions of this guidebook wil
provide the apportunity to reduce some of these uncerfainties.
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Il 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 indudes technologies for the commercial sector, as wel
as motors and variable-speed drives applicable to the commercial,
industrial, and agricultural sectors. The third volume discusses energy-
efficient technologies for the agricultural sedtor, with an emphasis on
the central and western United States. The fifth volume addresses
renewable resources for ufility supplyside power generation and
buildings application.

A number of technologies presented in this guidebook series apply fo
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
molors and lighting were extensively addressed in the commercial
volume and therefore ore not addressed in this volume other than in
the brief sections Motors—Update fo Motors Briefs in DSM Pocket
Guidebook, Volume 2: Commercial Technologies and Lighting—Up-
date fo Lighting Briefs in DSM Pocket Guidebook, Volume 2: Commer-
cial Technologies.
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IX

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

Residentiol 1  Commercial 2  Agrilture 3  Industrial 4  Renewable 5
Insulation 1.3 | 2328
Windows 456 1 |
Weatherstripping 7 ] ]
Ductleoks 15 ] |
Passive solor 8 2 15,16
Heot pumps 9 9 32 17
Efficient oir conditioners 13 8 1,234
Energy monogement | 10 ] 36:38
Hot water efficiency 17 16 7 -
Solor hot woler 19 ] ] 33 14
Fluorescent lomps 21 A *
Cooking 25 18 |
Swimming pools 26 |
Motors 19-28 | bl
Air compressors | 1522 ]

* Inthisvolume, fluorescent lighting i oddressed in the ection called Lighting—Updote to Lightin Sriefs in Volume 2: Commercial Technologjes.
** |n this volume, motors ore oddressed in the seclion colled Motors—Updote fo Motars Briefs in Volume 2: Commercial Technologies.



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

The introduction to the industrial sector volume contains two sefs of
matrices to allow a quick screening of the technologies. One matrix
addresses poybock values, and the other identifies the most likely
impoct of each technology on the utility load duration curve—based
on the categories identified in Figure P-2. A utility planner who hos
identified the types of load changes desired and the appropriate
end-use sectors con use the mafrices to quickly identify condidate
technologies.
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INDUSTRIAL

SECTION 1—DSM MEASURES
INTRODUCTION

At the national level, indusirial energy use accounts for 37% of U.S.
energy use. Al some ufilities, the tofol industrial shore exceeds 50%.
Moreover, electricity’s shore of energy use in the manufacturing sector
hos grown from 9% in 1973 to 14% in 1988. There ore numerous
opportuniies o 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
compefitive.

Indusirial customers represent on atiractive market for ufility DSM
programs because relatively few customers often account for o lorge
portion of totol industrial soles. Customized utility DSM programs con
often pay off significantly even if only o few lorge customers con be
enrolled.

There ore challenges in working with the indusirial sector. Industrial
loads ore more cyclical thon ony other type of lood. It s the sector most
affected by economic cycles because the changes in finol demand for
astomer goods ore magnified by the fime they get fo infermediate
goods {the moinstoy of industrial activities).

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

Finolly, in response to worldwide structural changes, the U.S. economy
is continuing ifs transition fo o post-industrial society. The outlook for
mony U.S. commodities is uncertain inthe foce of rapid industrilization
olong the western Padfic Rim ond in other regions.



Table I-1 identifies 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 I-2 shows the simple payback for the energy-efficient
options evaluated.

Table I-1.
Demand-Side Manogement Strategies:
industrid Measures

PCVF LS SCSGFLS

COOLING SYSTEMS

1. Condenser Water Temperature Reset

2. Chilled Water Supply Temperature Reset

3. Hot-Gas Defrost

4. Twospeed Motors on Cooling Tower Fan
HEATING SYSTEMS

5. Desttification Fans

6. Comfort Radiant Heating Systems

7. Process Radiant Heating Systems

8. Quartz Radiant Heating Systems
BOILERS

9. Combustion Air Blowers Variable-Frequency

- Drives

10.  Air/Fuel Rafio Reset

11. Turbulators

12.  High-Pressure Condensate Retum Systems

13. Steam Trap Repair

14. Steom Leak Repair
AIR COMPRESSORS

15. Outside Air Usage

16. Leakage Reduction

17. Cooling Water Heat Recovery

18.  Waste Heat Recovery

19. Pressure Reduction .



PC VF LS SCSGFLS

20. Screw Compressor Confrols .

21. Compressor Replacement . .

22. LowPressure Blowers .
INSULATION

23. Steam Lines and Hot Water Pipes

24. Chilled Water Pipes

25. Hot Tonks

26. Cold Tanks

27.  Injection Mold Barrels

28. Dock Doors
INDUSTRIAL PROCESS HEAT RECOVRRY

29. Industrial Process Heat Exchangers .

30. Waste Heot Recovery Boilers . .

31. Cogeneration .

32. Industrial Process Heat Pumps oo
SOLAR ENERGY

33. Solar Industrial Process Heating o .

34. Once-Through Solar Heated

Ventilation and Process Air .

35. Solar Photocatalytic Water Detoxification .
ELECTRIC USE SHIFTING AND CONTROLS

36. Demand Controls ceooe

37. Interruptible and Curtailable Service

38.  Power Factor .

PC = peak dlipping; VF = valley filling; LS = lood shifting; SC =strategic conserve-
tion; S6 = Strategic growth; FLS = flexible lood shape



Table I-2.
Payback' for Demand-Side Manogement Strategies:

Industrial Measures
No. of Years
2 25610 10

COOLING SYSTEMS

1. Condenser Water Temperoture Reset

2. Chilled Water Supply Temperature Reset

3. Hot<Gos Defrost .

4. Two-speed Motors on Cooling Tower Fon @
HEATING SYSTEMS

5. Destratification Fons .

6. Comfort Rodiont Heating Systems .

7. Pracess Rodiont Heoting Systems .

8. Quortz Rodiont Heating Systems .
BOILERS

9. Combustion Air Blowers

Vorioble-Frequency Drives .

10.  Air Fuel Rotio Reset
11. Tubulotors .
12. HighPressure Condensate Retum Systems
13.  Steom Trop Repoir
14.. Steam Leak Repoir

AIR COMPRESSORS
15. Qutside Air Usoge
16. Leokoge Reduction
17. Caoling Woter Heat Recovery
18. Woste Heat Recavery
19. Pressure Reduction
20. Screw Compressor Controls
21. Compressor Replocement
22. low Pressure Blowers



No. of Years
2 25610 10

INSULATION
23. Steam Lines 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. Industriol Process Heot Exchangers
30. Woste Heat Recovery Boilers .
31. Cogeneration .
32. Indushial Process Heot Pumps s
SOLAR ENERGY
33. SolorIndustriol Process Heating —
34. Once Through Solor Heated Ventilotion
ond Process Air .
35.  Solor Photacotalytic Woter Detoxificofion ——
ELECTRIC USE SHIFTING AND CONTROLS

36. Demond Controls .
37. Interruptible ond Curtoiloble Service .
38. Power Foctor .

o The paybackfolls in the category indicated.
= The poyback fulls in the range of fime indicoted.

1. The poybacks shown were determined based on conditions desciibed in the fext.
Paybocks will vory bosed on dlimate, fuel costs, system chorocteristics, implemento-
tion cost by geogrophicol orea, ond other factars. See the text of the technology
brief for more infarmotion.



I. COOLING SYSTEMS

For process cooling it is always best—rom the standpoint of energy
conservation—to use the lowest fonn of energy first. That s, for a piece
of equipment or a process that is air cooled, first use outside air (an
economizer) if the outside air temperature is low enough. The next step,
inappropriate dimotes, would be fo use directevaporative cooling. This
is aprocessinwhichair passing throughwuter droplets (aswomp cooler)
i§ cooled, as energy from the air is released through evaporation of the
water. Evaporative coolingis somewhat more energy intensive than the
economizer but still provides some relatively inexpensive cooling. The
increase in energy use is due to the need fo pump water.

Indirect evaporotive cooling is the next step up in energy use. Air in o
heat exchanger is cooled by a second stream of air or water that has
been evaporatively cooled, such as by a cooling fower and coil. Indirect
evaporative cooling may be effective if the wet-hulb femperature i fairly
low. Indirect evaporative cooling invalves both a cooling fower and
swamp cooler, so more energy will be used than for the economizer and
evaporative cooling systems because of the pumps and fans associated
with the cooling tower. However, indirect cooling systems are sfill less
energy intensive than systems that use o chiller. The final step would be
1o biing a chiller on line.

Many plants have chillers that provide cooling for various plant processes.
Chillers consist of a compressor, an evaporator, an expansion valve, and
a condenser ond are classified as reciprocating chilers, screw chillers, or
centrifugal chillers, depending on the type of compressor used. Recipro-
cafing chillers are usuolly used in smoller systems (up 1o 25 fons
[88 kW) but can be usedinsystems as large as 800 tons (2800 kW).
Screw chillers are available for the 80 fons to 800 fons range (280 KW
10 2800 KW) but are noimally used in the 200 tons to BOO tons range
(700 kW 1o 2800 KW). Centrifugal chillers are available in the
200 tons to 800 tons range and are also used for very large systems
(greater than 800 tons [2800 kW]). The evaporatoris a fube-ond-shell
heat exchanger used to fransfer heat to evaporate the refrigerant. The
expansion valve is usually some form of regulating valve (such as a
pressure, femperature, or liquiddevel regulator), occording to the type
of control used. The condenser is most often a fube-andshell heat




exchanger thot transfers heat from the system to the atmosphere or to
cooling water.

This section contains infonnotion pertaining 1o coaling systems, particu-
lody chiller systems. Refer to Brief #4, “Outside Air Economizers,”
Brief #5, “Evoporative Cooling,” Brief #6, “Cool Storage,” ond
Brief #7, “Heat Recovery from Chillers” in DSM Pocket Guidebook,
Volume 2: Commercial Technologies for infonnation reloting to coaling
systems thot moy be found in industry. Topies discussed in this section
include condenser water ond chilled woter femperature reset at the
chiler, hatgas defrost of chiller evaporator coils, ond the wse of
twospeed motors on cooling tower fans.




INDUSTRIAL BRIEF # 1

CONDENSER WATER
TEMPERATURE RESET

l DESCRIPTION

The power consumption of any chiller increases as the condensing water
temperature rises. This is because, as the condenser femperature
increases, the pressure rise across the compressor increases and,
consequently, the work done by the compressor increases. Condensing
water femperature setpoints ore typically in the range between 65°
and 85°F, but con be os low as 60°F. In many cases the setpoint
temperature is in the middle of the range, at about 75°F, The efficiency
of the condensing water system con be increased by decreasing the
condensing water temperature. A rule of thumb s that there is a 1/2%
improvement in chiller efficiency for each degree Fahrenheit decrease
in the sefpoint 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 sefpoint temperature must be deternined by
a detoiled 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.

I DEFINITIONS AND TERMS

CONDENSER The unit on the chiller in which heat is transferred out
of therefrigerant. 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.



Il APPLICABILITY
FACILITY TYPE Any faility that has a chiller.

CLIMATE All. It is advantageous to reduce the condensing water
temperature in both humid and dry climates.

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation

H FOR MORE INFORMATION

ASHRAE Handbook, 1968 Equipment, American Society of Heafing,
Refrigerating and Air-Condifioning Engineers, Inc., Atlanta, GA, 1988,
ch.17.

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for
a complete list of presently operating EADGs. Contact the EADC Center
nearest o your area.
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Table I-3. Condenser Water Temperature Reset: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options' (S (kWh/yr) (S/yrp (yr) (yr) Confidence*
Condenser
Water Supply 255 68,800 3440 0.1 10 H
Temp. Reset

These doto were taken from the Energy Analysis ond Diognostic Center (EADC) data base. Systems ranged in size from opproximotely 20 tons to approximotely 500 tons. The

frequency of implementation for this measure was 90%.

Average implementofion cost per system for this measure. One example from the EADCdata base to further clarify the costs is os follows: Resetting the condenser water lemper-

ature at on electronis plant resulted in energy and cost savings of 58,218 kWhy/year and $2,390/yeor. The implementotion cost was $200.
The energy cost savings ore based on actual dollar savings os reported to EADC from the foclity.
H stonds for high.



INDUSTRIAL BRIEF # 2

CHILLED WATER SUPPLY
TEMPERATURE RESET

Il DESCRIPTION

The efficiency of chillers increases as the chilled water temperature
increases. Thisis because, in order to obtain lower temperature chilled
water, the refrigerant must be compressed at a higher rate, 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 Fohrenheit 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
setpointtemperatureincreases. The amount of allowable increase must
be determined by a detoiled engineering analysis that evaluates the
load requirements from the chiller, the design chilled water tempera-
ture, and other aspedis of thesystem. Itis not uncommon to find chilled
water setpoints that are lower than is required fromindustrial chillers.

Il DEFINITIONS AND TERMS

EVAPORATOR The unit on the chiller inwhich heat s transferred to
the refrigerant. Warm water flows over tubes containing a liquid
refrigerantin atube-and-shell heat exchanger. Heat is extracted from
the water as the refrigerant vaporizes and the femperature 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.

B APPLICABILITY
FACILITY TYPE Any focility that has a chiller.

CLIMATE Al

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.



I FOR MORE INFORMATION

ASHRAE Handbook, 1968 Equipment, American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., Atlonto, GA, 1988,
ch. 17.

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for

a complete list of presently operating EADCs. Contoct the EADC Center
nearest o your area.
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Table I-4. Chilled Water Supply Temperature Reset: Costs and Benefits

Installed Energy Cost Simple
Costs ings Savings Paybodk Life
Options' (SP (kWh/yr) (S/yr)? (yr) (yr) Confidence*
Chiled
Water Supply 510 13,000 650 08 10 H
Temp. Reset

These dato were token from the Energy Anolysis and Diagnostic Center (EADC) dota base. Systems ronged in size from approximalely 20 tons o approximately 500 tons. The

frequency of implementatian for this measure was 80%.

Averoge implementafian cast per system for this measure. One example from the EADC data base to further clarify the costs is os fallows: Reseffing the chilled water supply

water femperature ot an electronies plant resulted in energy and cost sovings af 9,493 kWhy/yeor and $140/year. The implementofion cost was $240.
The energy cost sovings are based an actual dallar savings os reported to EADC fram the fociity.
H stands for high.



INDUSTRIAL BRIEF # 3
HOT-GAS DEFROST

Il DESCRIPTION

Frost builds up on air cooler unit (freezer) evaporator coils when the
unit operates af less than 32°F. Frost is the result 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 adts as on insulator and
reduces the heat transfer copobility of the coil, and it restricts girflow
through the coil. Frost buildup is unavoidable and must be removed
periodically from the coil.

One method of frostremoval is to use the hot refrigerant discharge gas
leaving the compressor. During the defrost cycle, hot gas is circulated
through the coil to mel the frost. Hot-gas defrost systems may be used
for ol cooling unit capacities and may be included in new o retrofit
construction. For refrofit 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 10%
to 20% of the total system usage.

Il 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 parficular pressure.

Il APPLICABILITY

FACILITY TYPE Any facility that has on air cooler (freezer). The
measure is especially applicable to the food indusiry.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Shategic conservation.

14



Il FOR MORE INFORMATION

ASHRAE Handbook, 1988 Equipment, American Sociefy of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., Atlanta, GA, 1988,
p.8.3.

15
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Table I-5. Hot-Gas Defrost: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options' (SP (kWh/yr) (S/y¥ (yr) yr] Confidence*
HotGas
Defrost 3,000 22,300 1,100 27 20 L

These doto were token from the Energy Anolysis ond Diagnastic Center (EADC) doto base. The frequency of implementation for this measure was 20%.

Average implementation cost per system for this measure. One example from the EADC doto base to further claify the casts is as follows: Installing o hatgas defrost system ina

dairy resulted in energy and cost savings of 20,500 kWhy/year and $1,070/year. The implementation cost was $2,500.
The energy cost sovings are based on actual dollar savings as reporfed to EADC from the focliy.
L stands for low.



INDUSTRIAL BRIEF # 4

TWO-SPEED MOTORS ON COOLING
TOWERFANS

Il DESCRIPTION

Cooling tower performance is affected by the outdoor wet-bulb tem-
perature. Higher wet-bulb temperatures correspond 1o higher air
saturation femperatures. As air loses the ability to extract heat from
water droplets flowing through o cooling tower (increasing wet-bulb
temperature), o higher air flow rofe is required to remove the desired
amount of heat and reduce the condenser water to the design temper-
ature. The cooling tower fan motor is often sized fo perform under
design condifions (i.e., full water flow rate of maximum air flow rate
and design wet-bulb temperature). During periods of lower outdoor
wel-bulb temperature, the design amount of cooling can be obtgined
with lower air flow rates. As the air flow rate decreases, the fan speed
ond the motor power requirements also decrease. It may then be
beneficial to install a two-speed motor for the cooling tower fan to
reduce the fan motor power consumption. Two-speed motors may be
part of new or retrofit construction. Savings for the addition of a
two-speed fan motor are 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
and the power requirements for various air flow rates. It should ako
be noted that variable speed drives for fan motors achieve cooling
tower energy savings in the some manner as two-speed motors.

Il DEFINITIONS AND TERMS

WET-BULB TEMPERATURE The femperature indicated by a ther-
mometer for which the bulb is covered by a 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, resulting in a lower
wet-bulb temperature.

17



M APPLICABILITY
FACILITY TYPE Any facility that hos a cooling tower.

CLIMATEAIL. Itis advantageous fo install two-speed motors on cooling
towers in both humid and dry dimates; however, the benefits are
greater in dimates that experience a low wet-bulb temperature.

DEMAND-SIDE MANAGEMENT STRATEGY Strategic
conservation.

l FOR MORE INFORMATION

Energy Analysis and Diagnostic Center (EADC). Refer ta Appendix A for
a complete list of presently operating EADCs. Contact the EADC Center
nearest fo your areq.

Motor Master, Washington State Energy Office, Olympia, WA, 1992.
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Table I-6. Two-Speed Motors on Cooling Tower Fans: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options' (Sp (kWh/yr) (S/yrp () yr Confidence
Two-Speed Motors on
Cooling Tower Fons 4,170 47,900 2,400 1.7 10 H

These dota were taken fiom the Energy Analysis ond Diagnastic Center (EADC) dota base. The frequency of implementation for this megsure wos 20%.

Averoge implementofion cost per system for this measure. One exomple from the EADC dota base to further clarfy the costsis as follows: Installing twospeed motors on the
cooling fowers at a plastic film extusion plont resulted in energy and cost savings of 58,335 kWh,/year ond $2,680/year. The implementation costwos $3,900.

The energy cost sovings ore based on actual dollar savings as reported to EADCfrom the facfity when compared to one-speed motors.

H stands for high.



II. HEATING SYSTEMS

Space ond pracess heating systems ore often the primary consumers of
energy in indusry. Many existing industrial heating systems ore outdoted
ond inefficient. There ore numerous energy canservation apportunities
ossocioted with heoting systemsin monufocturing operofions. In addition
o boilers (whichare discussed elsewhere in this guideboak), energyuse
con be reduced in severol space ond process heating systems. This
section indudes briefs describing the following measures: destratificotion
fans; comfort rodiont heating systems; process radiont heoting systems;
ond quartz rodiont heating systems. Other space heating measures thot
moy be applicable to industry are induded in the HVAC section of the
DSM Pocket Guidebook, Volume 2: Commercial Technologies. A sum-
mory of additional process heating systems is induded in Toble H48 of
this guidebook.
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INDUSTRIAL BRIEF # 5
DESTRATIFICATION FANS

Il DESCRIPTION

Stratifietion usually occurs in spaces where there is insufficient air
movement. If stratification is present, the heating requirements of the
fuclity are increased because the temperature af the ceiling level is
higher than the thermostat setpoint temperature, while the temperature
at the working level is near the setpoint femperature. If the air is
destratified, the temperature af the ceiling level would be nearly equal
1o the temperature af the floor level. This destratification process also
reduces the heat loss due fo ventilation and infiliration, 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
5-10 cfm/ft2 of floor area fo ensure effedlive air mixing.

Il DEFNITIONS AND TERMS

STRATIFICATION The physicol occurrence of an inreasing air tempero-
ture gradient between the floor and the ceiling in an enclosed space. If
air is undisturbed, hot air will rise, resulting in warmer air temperatures
near the ceiling of a space and cooler air temperatures near the floor.

B APPLICABILITY

FACILITY TYPE Any facility in which there is a heating requirement
and in which there is, on average, a temperature gradient of ot least
0.5°F/ft and a ceiling height of at least 20 1.

CLIMATE All cimates in which heating is used for several months per year.
DEMAND-SIDE MANAGEMENT STRATEGY Sirategic canservation,
Il FOR MORE INFORMATION

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for

a complete list of presently operating EADCs. Contact the EADC Cenfer
nearestfo your area.

2
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Table I-7. Destratification Fans: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! ()2 (MMBtu/yr) (S/yrp (y) (yr) Confidence*
Destratification Fans 6,080 925.9 3,900 1.56 20 M

1. These data were taken fiom the Energy Analysis and Diagnostic Center (EADC) data base. The frequency of implementation for this measure wos 40%.

2. Average implementafion cost per system for this measure. One example from the EADC data baseto furiher clarify the costsis as follows: Installing destratificotion fans in o ware-
house to reduce the temperature difference between floor ond ceding during the heafing season resuted in energy ond cost savings of 144 MMBtu/yr ond $670/yeor. The inr

plementation cost was $1,600.
3. Theenergy cost savings ore based on octuol dollar savings os reported to EADC from the foclty.
4. Mstandsfor medium.



INDUSTRIAL BRIEF # 6

COMFORT RADIANT HEATING
SYSTEMS

Il DESCRIPTION

Comfort radiant heating systems worm people and other objecis
without warming the air. They operate similar to the sun’s rays in that
the infrared radiafion emitted by the radiant heater is absorbed by the
people that it strikes, thereby providing warmth. The same degree of
comfort can be maintained ot lower indoor temperatures with radiant
heating systems as with conventional convedtion heating systems.
Rodiant heating systems are especially atiradiive for industrial space
heating applications such as the heating of spaces with high ceilings
where stratification is a problem or spot heating, such as near dock
doors. A typical application would be in a loading dock rea, where
dock doors may be opened frequently. If the space near the dock door
is heated by a convection heating system, this heated air will be cooled
when the dock doors are opened. If radiant heating is used, the workers
will keep warm even though the space air may be cold.

Radiant heating systems are usually gas-fired or electric. The type of
radiant heafing system is defermined by the characteristics of the
building in which the system is to be installed. For example, electric
radiant heating systems may be installed in an area of the building
where gasis unavailable. A radiant heating systemis often a relatively
easy retrofit measure but may also be integratedinto new construction.

I DEFINITIONS AND TERMS
INFRARED RADIATION Rodiation ot wavelengths longer than visi-
ble light.

CONVECTION HEATING Heating systems that deliver heated air to
aspace to maintain a desired space sefpoint femperature.

STRATIFICATION The physical occurrence of an increasing air tem-

perature gradient between the floor and the ceiling in an endosed
space. If air is undisturbed, hot air will rise, resulting in warmer air

23



temperatures near the ceiling of a space and coaler air temperotures
near the floor.

l APPLICABILITY

FACILITY TYPE Any focility where space or spot heafing is required.
Particularly applicable 1o warehouse aisles, production lines, and dock
aregs.

CLIMATE All dimotes where heatingis required.

DEMAND-SIDE MANAGEMENT STRATEGY Strutegic conservation.
Il FOR MORE INFORMATION

ASHRAE Handbook, 1987 HVAC Systems and Applications, Ameri con

Society of Heating, Refrigerofing and Air-Conditioning Engineers, Inc,,
Atlanta, GA, 1988, ch. 16.
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Table I-8. Comfort Radiant Heating Systems: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybad Life
Options' Sy (MMBro/yr)  (S/yrP (y) (yr) Confidence*
Comfort
Rodiant Htg, 24,700 1,870 8,560 29 20 M
Systems

These doto were token fram the Energy Analysis ond Diagnestic Center (EADC) doto base. Systems ranged in size from oppioximately 100,000 to 150,000 Btu/hr. The

frequency of implementotion for this measure was 46%.

Average implementation cost per system for this measure. One example from the EADC doto base to further clarify the costs is osfollows: Installing comfort rodiant heating

systems in on industrial plont resulted in energy ond cost savings of 2,726 MMBtu/yr ond $11,670,/year. The implementation cost was $40,000.
The eneigy cost savings ore based on octual dollar savings as reporfed 10 EADC from the fociity.
M stands for medium.



INDUSTRIAL BRIEF # 7

PROCESS RADIANT HEATING
SYSTEMS

Il DESCRIPTION

Radiant heaters may be used for many process heating applications
instead of conventional convection heating systems. With radiant
heating, the objedt is heated directly, instead of indirectly, through
heating of the air surrounding the objec. Radiant heaters operate
similor fo the sun’s rays in that the infrared radiation emitted by the
radiant heater is absorbed by the solid object that it strikes, thereby
warming the object. The short response fime of radiant heaters when
compared to convective heaters can akso be advantageous fo industry.
Gas or electric radiant heaters may be designed and tailored for specific
heating applications. Applications indude cooking, broiling, drying, and
deep fot frying of food; drying, melfing, and curing of metals; drying
inks and varishes; curing cores and molds in foundries; web drying,
preshrinking, and finishing of fextiles; curing and drying of rubber and
plastics; efc.

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

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

RESPONSETIME The fime needed to reach a desired value.

Bl APPLICABILITY

FACILITY TYPE Process radiant heafing systems can be beneficial to
almost all industry. An engineering analysis that evaluates the process
is required to defermine when radiant heafing is applicable.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Srategic conservafion.
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Il FOR MORE INFORMATION

American Consulting Engineers’ Council, Industrial Market and Energy
Management Guide, SIC 35, Non-Electrical Machinery Products Indus-
ry, Washington, DC, 1987.

7



&

Table I-9. Process Radiant Heating Systems: Costs and Benefits

Installed Energy Demand Cost Simple
Costs Savings Savings Savings bock Life
Options! (O (MMBtu/yr) (I(W? (S/yrk yr) (yr) Confidence*
Process
Radiant Heating 2,300 2338 36 4,300 0.53 5 L
Systems

These data were token from the Energy Analysis and Diagnostic Center (EADC) data bose. A majority of the systems recommended by EADC are gas-fired systems. The frequency
of implementotion for this measure was 46%.

Average implementation cost per system for this measure.

The energy cost savings are based on actual dollar savings os reported to EADC from the facilty.

L stands for low.



INDUSTRIAL BRIEF # 8

QUARTZ RADIANT HEATING
SYSTEMS

Il DESCRIPTION

All materials hove physical properties that lead to peak absorptivity of
rodiotion ot given wavelengths. There will be wavelengths ot which o
materiol absorbs quite well, and other wovelengths where the materiol
is nearly fransparent fo the applied rodiation. It con then be cost-
effective fo direct that rodiation having the appropriate wavelength to
heat on object. Quartz radiant heaters ore used to control the wove-
length directed at o materiol. Two imporiant properfies which charac-
terizes quariz ore: (1) quariz is essentially fransparent fo infrared
rodiotion over most usable wavelengths and (2) quartz is o very poor
conductor of heat. These characteristics allow the quartz envelope fo
oct like on insulated window in that it does not absorb the infrared
energy passing through i, and, consequently, there ore very low
convedtion losses. Quariz radiant heaters may be used in place of
convective heoters, hove o foster response fime than convedtive heat-
ers, and may be port of new or retrofit construction. The measure is
very opplication specific and, os o result, has not been used extensively
by industry.

B DEFINITIONS AND TERMS
CONVECTION HEATING Heating systems that deliver heated air to
ospace fo maintain o desired space setpoint temperature.

RESPONSE TIME The fime needed 1o reach o desired value.

B APPLICABILITY

FACILTY TYPE Fodilifies that hove process heating systems. An
engineering analysis that evaluates the processis required fo defermine
when quartz radiant heating is applicable. Quartz radiant heating has
been particularly applicable in the plastics industry.

CLIMATE All.
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DEMAND-SIDE MANAGEMENT STRATEGY Strutegic conservation.

Il FOR MORE INFORMATION

Ameriean Consulting Engineers' Coundil, Industrial Market and Energy
Management Guide, SIC 30, Rubber and Plostics Products Industry,
Woshington, DC, 1985.
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Table I-10. Quartz Radiant Heating Systems: Costs and Benefits

Installed Energy Cost Simple
Costs ings Savings Paybad Life
Options! (S)2 (MMBtu /yr) (S/yrp (yr) (yr) Confidence*
Quartz
Rodiant Hegting 266,000 13,800 133,000 2 10 M
Systems

These doto were token from th e Enengy Analysis and Diagnostic Center (EADC) and the ACEC data base. The frequency of implementotion for this measure wos 10%.
Average implementofion cost per system for this measure.

The energy cost savings ore based on actual dollar savings os reported to EADC from the facilty.

M stands for medium.



IIl. BOILERS

There ore four principal boiler cotegories: (1) noturol draft, (2) forced
droft, (3) hot woter or steom, ond (4) fire tube or woter fube. In o
noturol draft boiler, the combustion oir is drawn in by notural convection
ond there is no control of the oir /fuel rotio. For forced draft boilers, the
quantity of combustion oir ond the oir/fuel mixture ore controlled by o
blower. Some boilers produce hot water, typicollyinthe 160° 1o 190°F
range, while others produce steam. Steam boilers moy be low pressure
(opproximately 15 psi), medium pressure (15 to 150 psi), or high
pressure (15010 500 psi). Finolly, boilers moy be fire4ube orwotertube
bailers. In o firedube boiler, the hot goses flow through tubes immersed
in woler, whereas in o woter-ube boiler, the woter flows through fubes
heated by the hot combustion goses. There ore olso some very high
temperature ond super-heot boilers but these ore seldom encountered
in typical monufocturing operations. The typical boiler used in smoll to
medium sized industriol operations is o forced draftsteam boiler ot 120
- 150 psi ond opproximately 150 hp. The following measures ore olso
opplicoble to utilly boilers. Other thon the mojor differences of not being
noturol draft boilers ond producing steam of greater thon 150 psi, utility
boilers ore similar to boilers commonly used by indushy.

This section includes demandside monogement strategies for boiler
systems. Combustion oir blower vorioble frequency drives, oir /fuel ratio
reset, turbulotors, high-pressure condensate refum systems, steam frap
repair, ond steam leak repair ore discussed in this section. Boiler
efficiency tips ore included in Appendix B of this volume.
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INDUSTRIAL BRIEF # 9

COMBUSTION AIR BLOWER
VARIABLE-FREQUENCY DRIVES

Il DESCRIPTION

The load on o boiler typically 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; thatis, when little oir s required the damper is essentially 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 s not required. Itis
much more efficient to vary the speed of the blower by instolling o
variable-frequency drive onthe blower motor. (Notethatit is sometimes
expensive fo 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
foctor of two will result in o reduction of power by o foctor of eight. This
measure s particularly 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
refrofitted to on existing boiler with few changes to the boiler.

Il DEFINITIONS AND TERMS

FIRING RATE As the loadon o boiler varies, the amount of fuel supplied
to the boiler varies in order fo match the load.

Il APPLICABILITY

FACILITY TYPE Applicable toony facility that hos o lorge, forced-draft
boiler.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservartion.
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Il FOR MORE INFORMATION

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for
a complete list of presently operating EADGs. Confact the EADC Center
nearest to your area.

Witte, LC, PS. Schmidt, DR. Brown, Industrial Energy Monagement

and Utilization, Hemisphere Publishing Corp., Washington, D.C,, 1988,
pp- 530-532.
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Table I-11. Combustion Air Blower Variable-Frequency Drives: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options’ (Sp (kWh/yr) (S/yr)? (yn) (y) Confidence’
Combustion
Air Blower 47,000 236,400 11,800 40 20 H
Variable-Frequency Diives

These doto were token fiom the Eneigy Analysis and Diagnostic Center (EADC) doto base. The frequency of implementation for this measure was 34%.

Average implementofion cost per system for this measure. One exomple from the EADC doto base fo further clarify the costs is as follows: Instaling vorioble speed drives and
comespondin contrals on two 250 hp combustion air fans ot a food processing plant resulted in eneigy and cost savings of 483,445 kWhy/yr and $23,000/yr. The implemen-

totion cost was $30,000.

The eneigy costsavings ore based on actual dollor savings os reported to EADC from the focilty.
H stands for high.



INDUSTRIAL BRIEF # 10
AIR/FUEL RATIO RESET

Il DESCRIPTION

For each fuel type, there is on optimum value for the oir/fuel rotio. For
notural gas boilers, this is 10% excess oir, which corresponds to 2.2%
oxygenin the flue gas. For cool-fired boilers, the values ore 20% excess
oir ond 4% oxygen. Because it is difficult to reach ond mointoin these
values in most boilers, it is recommended thot the boiler oir fuel rofio
be adjusted to give o reading of 3% oxygen in the flue gas (about 15%
excessoir)for gas-fired boilers and 4.5% (25% excess oir) for coal-fired
boilers. Combustion onolyzers ore ovoiloble thot give readings of
oxygen, carbon dioxide, temperature, combustibles, ond efficiency, but
these may cost os much as 55,000. Less expensive instruments that
give only one or two readings ore ovoiloble for less thon $1,000, ond
it is often recommended that these be purchased. For natural gos
boilers, the efficiency as o function of excess/deficient oir ond stock
temperature is shown in Figure I-1.

The curves for oil- ond coal-fired boilers ore similor. Because the
efficiency decreases rapidly with deficient oir,itis betterto hove o slight
amount of excessoir. Also shown is the effectof stack gas temperature
on efficiency; the effiiency decreases as the stock gas temperature
increoses. As o rule of thumb, the stock temperature should be 50° to
100°F above the temperature of the heated fluid for maximum boiler
efficiency and to prevent condensation from occurring in the stack
gases. It is not uncommon that as loads on the boiler change and as
the boiler oges, the oir/fuel ratio will need readjusting. It is recom-
mended that the air/fuel ratio be checked as often as monthly.

Il DEFINITIONS AND TERMS
STACK GASES The combustion gases that heat the water and ore then
exhausted out the stock (chimney).

AIR/FUEL RATIO The ratio of sambustion air to fuel supplied fo the
burner.
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I APPLICABILITY
FACILITY TYPE Any faciity that has a forced draft boiler.

CLIMATE All
DEMAND-SIDEMANAGEMENT STRATEGY Strotegic conservation.
Il FOR MORE INFORMATION

Dyer, D.P, G. Maples, eds., Boiler Efficiency Improvement, Boiler
Efficiency Institute, Auburn, AL, 1981, pp. 4-31.
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Figure I-1 Boiler efficiency as a
Function of excess or deficient
air and stack temperature

Source: Boiler Efficiency Improvement,
Dyer, Maple, Maxwell, Boiler Effi-
dency Institute, Aubum, AL, 1981
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Table I-12. Air/Fuel Ratio Reset: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options' (S) (MMBtu/yr)  (S/yr} (yr) (yr) Confidence*
Ai /Fuel
Ratio Reset 1,612 1,075.2 4,425 04 1 H

These doto were taken from the Energy Anolysis ond Diognostic Center (EADC) dota base. The frequency of implementation for this measure wos 83%.

Averoge implementation cost per system for this measure. One exomple from the EADC dota bose to further clarify the costs is os folows: Adjusting the oir /fuel rotio on o
6.3 million Bhu/h boilerat o concrete plont resulted in energy ond cost savings of 1,314 MMBtu/yr and $4,760,/yr. The implementation costwos $1,500, which wos the
costfor flue gos onolysts equipment ond lobor.

The energy costsovings are based on ocluoldollar savings os reported to EADC from the fality.

H stands for high.



INDUSTRIAL BRIEF # 11
TURBULATORS

Bl DESCRIPTION

The stack temperature of a boiler, as a rule of thumb, should be 50°
ta 100°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 result of combustion goses flowing oo
quickly through the tubes.

If the combustion gas temperature is too high, turbulators could be
installed to slow the combustion gases flow rate. Turbulators are twisted
strips of metal thot are inserted into the tubes of fire-tube boilers to
increase the heat transfer from the hot gasesto the water. Studies have
shown that a 10% to 30% reduction in stack temperature can be
achieved by installing turbulators. This reduction gives an increase in
operating efficiency of approximately 1% for each 40°F decrease in
stack femperature.

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

B APPLICABILITY
FACILITY TYPE Any facility thot has a fire-tube boiler.

CLIMATE All.

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
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Il FOR MORE INFORMATION
Dyer, D.P, G. Maples, eds., Boiler Efficiency Improvement, Boiler
Efficiency Institute, Aubum, AL, 1981, pp. 4-31.

Americon Consulting Engineers’ Council, Industrial Market and Energy

Guide, SIC 20, Food and Kindred Products Industry, Washington, DC,
1985, p. lll-65.
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Table I-13. Turbulators: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S)2 (MMBtu/yr) (S/yrp (yr) (yn) Confidence*
Tubulators 1,020 805.3 3,350 03 10 M

These doto were token from the Energy Andlysis and Diagnostic Center (EADC) datu base. The frequency of implementatian for this measure was 39%.

Average implementation cost per system for this measure. One example from the EADC data bose to futher clarify the casts is os follows: Instolling tubulators in the tubes of o
2.4 million Biu/hfireube boiler at a food manufacturing focility resulted in eneigy and cost savings of 465 million Biu/yr and $1,780,/y. The implementation costwas

$1,200.
Theeneigy costsavings are based on actual dollar sovings os reported to EADC from the foilty.
M stonds for medium.



INDUSTRIAL BRIEF # 12

HIGH-PRESSURE CONDENSATE
RETURN SYSTEMS

Il DESCRIPTION

If pressurized condensate return is exposed to atmospheric 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 resulting low-pressure steam in the flash fonk con
often be used as  heat source. A more efficient olternative is to refurn
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 water from the city mains (at opprox-
imately 55°F). This causes the feedwater mixture fo the boiler fo be
significantly below its boiling point, resulfing in higher fuel consumption
by the boiler to increase the temperature of the feedwoter o the boiling
point. Water treatment costs are also greater with increased flash
losses.

In a retrofit application, a closed, high-pressure condensate return
system would prevent the floshing that occurs in the existing system
by retuming the condensate to the boiler ot a higher pressure and
temperature, thereby reducing boiler energy requirements and water
treatment costs. Noncondensable gases (such os air and those formed
from the decomposition of carbonates in the boiler feedwoter treat-
ment chemicals) can be removed from a dosed condensate return
systemthrough the use of variable orifice discharge modules (VODMs).
VODMs ore similor to steam traps in that they return condensate but
also con remove noncondensable gases. In a system thot does not
contain YODMs, these gases can remain in the steam coil of the
equipment being heated and can fonn pockets of gas that have the
effect of insulating the heat transfer surfaces, thus reducing heat
tronsfer and decreasing boiler efficiency.

3



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

FLASHING Pressurized condensote will change phase intosteamif the
pressure is suddenly reduced.

Il APPLICABILITY
FACILTY TYPE All facilities that have a steam system with a high-
pressure condensate return system.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
Il FOR MORE INFORMATION

American Consulting Engineers’ Council, Industrial Market and Energy

Guide, SIC 20, Food and Kindred Products Industry, Washington; D.C.,
1985, p. llI-10.
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Table I-14. High-Pressure Condensate Return Systems: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S (MMBtu/yr) (S/yrp (yr) (yr) Confidence?
High Pressure
[or'lzdensute 31,341 2,850 12791 24 20 M
efum

These dato were token from the Energy Analysis and Diagnostic Center (EADC) doto base. The frequency of implementation for this measure wos 78%.

Average implementafion cost per system for this measure. One example from the EADC dota base tofurther clarfy the costs is as follows: Installing of high-pressure condensate
retum system equipment at a food processing plant resulted in energy and cost savings of 4,727 MMBiu,/yr ond $14,100/yr. The implementation cost wos $37,000.

The energy cost savings are based on actual dollar savings as reported toEADCfrom the focilty.
M stands for medium.



INDUSTRIAL BRIEF # 13
STEAM TRAP REPAIR

Il DESCRIPTION

A steom trop holds steom in the steom coil until the steom gives up ifs
lotent heot ond condenses. In o flosh tonk system without o steam trop
(or o malfunctioning trop), the steom in the process heofing coil would
hove o shorter residence fime ond not completely condense. The
uncondensed high-quolity steom would be then lost out of the steom
discharge pipe on the flosh tonk. Steam trop operation con be eosily
checked by comporing the temperature on eoch side of the trop. If the
trop is working properly, there will be o lorge temperature difference
between thetwosides ofthe tiop. 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 frops weor ond no longer function

properly.

Il DEFINITIONS AND TERMS

CONDENSATE The hotwoter thot isthe steam ofter it hos cooled ond
consequently condensed.

Bl APPLICABILITY
FACILITY TYPEAny focility hoving o steom boiler.

CLIMATE All
DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
Il FOR MORE INFORMATION

Kennedy, W.J., W.C. Turmes, Energy Management, Prenlice-Hol, Englewood
Cliffs, NJ., 1984.
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Table I-15. Steam Trap Repair: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! (S)2 (MMBtu /yr) (S/yr? (yr) (yn) Confidence*
Steam
Trop 3490 2,030 10,670 033 5 M
Repair

These doto were token fram the Energy Analysis and Diagnastic Center (EADC) datu base. The frequency of implementotion for this measure was 25%.

Average implementation cost per system for this measure. One exomple from the EADC data baseto further clarify the costsis as follows: Repairing one steam trap resulied in
energy and cost savings of 105 MMBtu/yrand $483/yr on a 600 hp bailer ot a rendering plant. The implementation cost wos $220.

The energy cost savings ore based on actual dollar savings os reported to EADC from the focilty.

M stands for medium.



INDUSTRIAL BRIEF # 14
STEAM LEAK REPAIR

Il DESCRIPTION

Significant savings can be realized by lacating and repairing leaks in
livesteam lines andin candensote returnlines. Leaks in the steam lines
allowsteam ta be wasted, resultingin higher steom production require-
ments from the boiler to meet the system needs. Condensate return
lines that are leaky refurn less condensate fo the boiler, increasing the
quantity of required make-up water. Because make-up water s cooler
than condensate return water, mare energy wauld be required ta heat
the boiler feedwater. Water treatment would also increase as the
make-up water quantity increased. Leaks most often accur at the
fittings in the steam and condensate pipe systems. Savings for this
measure depend on the bailer efficiency, the annual hours during which
the leaks accur, the boiler aperating pressure, and the enthalpies of the
steam and bailer feedwater.

Il DEFINITIONS AND TERMS
ENTHALPY A measure of the energy cantent of a substance.

B APPLICABILITY
FACILITY TYPE Any facility having a steam boiler.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strotegic conservation.
Il FOR MORE INFORMATION

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for

a complete list of presentfy operating EADGs. Cantact the EADC Center
nearest fa yaur areq.
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Table I-16. Steam Leak Repair: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S)2 (MMBtu/yr) (S/yrP (yr) (yr) Confidence*
Steam
Leak 512 13,000 6,568 0.1 5 M
Repoir

These data were token from the Energy Analysis ond Diagnostic Center (EADC) dotu bose. The frequency of implementotion for this measure wos 96%.

Average implementation cost per system for this measure. One example from the EADC doto bose to further clarify the costs is o fallows: Repairing steam leaks on 0 600 hp
boiler system at o rendering plant resulted in energy ond cost savings of 986 MMBtu/yr ond $4,535/y. The implementation cost wos $350.

The energy cost savings ore based on octual dollar savings os reported to EADC from the focilly.

M stands for medium.



IV. AIR COMPRESSORS

Air compressors in manufacturing focilities ore often large consumers of
electricity. There ore two fypes of air compressors: reciprocating and
screw compressors. Reciprocating compressors operate in o manner
similar to that of an automobile engine. Thatis, a piston moves back
and forth in a cylinder to compress the air. Screw compressors work by
entaining the airbetweeniwo rotofing ougers. The space beiween the
augers becomes smaller as the air moves toward the outlet, thereby
compressing the air. Screw compressors have fewer moving parts than
reciprocafing compressors hove and ore less prone to maintenance
problems. However, especially for older types of screw compressors,
screw compressors tend 1o use more energy than reciprocating compres-
sors do, particulary if they are oversized for the load. This is because
many screw compressors confinue 1o rotate, whereas reciprocafing
compressors require no power duringthe unloaded stote.

This section includes demand-side management megsures for increasing
outside air usage, reducing air leakage around valves and fitfings in
compressor air lines, recovering air compressor cooling water, recovering
air compressor waste heat, pressure reduction, odding screw compressor
contrals, compressor replacement, and odding low-pressure blowers.
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INDUSTRIAL BRIEF # 15
OUTSIDE AIR USAGE

M DESCRIPTION

The omount of work done by an air campressor is proportional to the
temperature of the intake air. Less energy is needed to compress cool
air than to compress warm air. On average, outside air is cooler than air
inside a compressor room. This is often the case even on very hot days.
Piping can often be installed so that cooler outside air can be supplied
to the intake on the compressor. This is parficularly simple and
cost-effective if the compressor is locoted adjacent to an exterior wall.

The energy and costsavings are dependent on the size of the compressor,
the load foctor, and the number of hours during which the compressor
is used. The payback period is nearly olways less than two years. The
load factor is fairly constant for compressors that operate only when they
are actuolly compressing air. Most reciprocafing compressors are oper-
ated in this manner. When they are on, they operate with fairly constant
power consumption, usually nearly equal to their rated power consump-
tion; when they are cycled off, the power consumption is zero. Serew
compressors are often operated in adifferentmanner. When loaded (i.e.,
actually compressing air), they operate near their rated power, but when
compressed ir requirements are met, they are not cycled off but
continue to rotate and are “unloaded.” Older screw compressors may
consume as much as 85% oftheir rated power during this unloaded state.
Therefore, if ascrew compressor is to be operated continuously, itshould
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 a variety of reasons, but often in
anficipation of expansion of the focility and a commensurate increase
in the compressed air requirements.

M DEFINITIONS AND TERMS

RATED LOAD The power usage indicated by the air compressor man-
ufacturer—usually shown on the nameplate.
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LOAD FACTOR The average fraction of the rated load at which the
compressor operates.

l APPLICABILITY

FACILITYTYPE Any focility thatuses 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.

CLIMATE Any dlimate in which the average outdoor air temperature
is less than the air temperature in the compressor room.

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

Il FOR MORE INFORMATION

Witte, L.C., PS. Schmidt, DR. Braun, Industrial Energy Management
and Uilization, Hemisphere Publishing Corp., Washington, D.C,, 1988,
pp. 433, 437.

Baumeister, T, LS. Marks, eds., Standard Handbook for Mechanical

Engineers, Tth Edition, McGraw-Hill Book Co, New York, NY, 1967,
pp. 14.42-14.61.
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Table I-17. Outside Air Usage: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S)2 (kWh/yr) (S/yrp (yr) (yr) Confidence*
Qutside
Ar 540 21,000 1015 05 05 H
Usoge

These dato were token from the Energy Anolysis ond Diognastic Center (EADC) dota base. The frequency of implementation for this meosure wos 63%.
Typical implementation cost for this measure is $1.50 /% of piping. One exomple from the EADC dato bose tofurther clrify the casts is os follows: Supplying outside oir to the in-
tokes of three cir compressors (100 hp, 75 hp, ond 50 hp) resulted in energy ond costsovings of 10,050 kWh and $490/yr. The implementotion costwos $780.

The energy cost sovings ore based on octual dollor sovings os reported to EADC from the focilty.
H stonds for high.



INDUSTRIAL BRIEF # 16
LEAKAGE REDUCTION

Il DESCRIPTION

Air leaks around valves and fittings 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 s a function of hole diameter at an operating
pressure of 100 psi is shown in Table I-18.

Table I-18. Air Leaks
Fuels and Air Losses Due to

Compressed Air Leaks*

Hole Free Air Wasted Energy Wasted
Diametes, (f3/yr), Per Leak

(in) by a Leak of Air (kWh/h)

at 100 psi

3/8 90,400,000 299

1/4 40,300,000 14.2

18 10,020,000 34

1/16 2,580,000 09

1/32 625,000 02

*Source: National Bureau of Standards (NBS) Handbaok 115 Rule of Thumb—
5%10% of total energy consumed by o compressor i lost due to air
leaks.

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

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

Il APPLICABILITY
FACILTY TYPE Any faclity that has an oir compressor.

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

Il FOR MORE INFORMATION

American Consulting Engineers Council, Industrial Market and Energy
Management Guide, SIC 32, Stone, Clay and Glass Products Industry,
Washington, D.C, 1987, p. lll-30.

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

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! (S (kWh/yr) (S/yrP (yr) (yr) Confidence*
Leokoge
Reduction 335 34,600 2,070 0.2 1 H

Bl o

These dato were token from the Energy Analysis and Diognostic Center (EADC) data base. The frequency of implementation far this measure was 89%.

One example from the EADC data base fo further clarify the costs is as follows: Repairing air leaks in a compressed air system having air compressors of 150 hp, 60 hp, and

25 hp—all operating ot 110 psig—esuted in energy savings of 35,750 kWh and costsavings of $2,760/yr. The implementafion cast wos $500.
The energy cost savings are based on actual dollor savings as reported to EADC from the fociity.
H stands for high.



INDUSTRIAL BRIEF # 17
COOLING WATER HEAT RECOVERY

Il DESCRIPTION

Air compressors, 100 hp ond larger, ore often cooled by water from o
cooling tower. The temperature of the water ofter leaving the cooling
coils of the compressor moy be sufficiently high thot heat con be
extracted from the water ond used in o process. For example, boiler
feedwoter could be preheated by the water usedto cool the compressor.
Preheating the moke-up water displaces boiler fuel thot would ordinor-
ity be used to heot the moke-up water.

[l DEFINITIONS AND TERMS

COOLING COILS Finned tubes on o water-cooled compressor through
which water flows ond across which oir flows.

B APPLICABILITY

FAQLITY TYPE Any manufacturing facility thot hos o lorge, water-
cooled oir compressor.

CLIMATE All

DEMAND-SIDEMANAGEMENT STRATEGY Strategic conservafion.
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Table I-20. Cooling Water Heat Recovery: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options' (S)2 (MMBtu /yr) (S/yrpP (yn (yn) Confidence*
Woste water
heot 8,560 5570 23,840 04 20 H
recovery

1. These doto were token from the Energy Anlysis ond Diagnastic Center (EADC) doto base. The frequency of implementotion for this measure wos 48%.

2. One example from the EADC doto base to further darify the costs isos follows: Sending compressor cooling water to o baler feedwater tonk reslted in energy savings of
37.2 MMBtu/yr, woter sovings of 229,000 gollons/yr (866,765 liters /yr) ond o cost sovings of $600//yr. The implementation cast was $1,000. The 3.8 MMBHu/h boiler
produced steom ot 150 psig. Lorger savings would resultf lorger equipment were in use.

3. Theenergy cost sovings ore bosed on octual dollar sovings o reported to EADC from the fucilty.

4. H stands for high.



INDUSTRIAL BRIEF # 18
WASTE HEAT RECOVERY

Il DESCRIPTION

For both screw and reciprocating compressors, approximately 60% to
90% of the energy of compression is available as heat, and only the
remaining 10% to 40% is contained in the compressed oir. This waste
heat may be used o offset spoce heating requirements in the facility
or o 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 i, the compressor should be located near the heat thot is to be
used.

Il DEFINITIONS AND TERMS
USE FACTOR The fraction of the yearly hours that the compressor &
used.

Il APPLICABILITY
FACILITY TYPE Any faciity that uses on oir compressor andhas o use
for the waste heat.

CLIMATE Wherever space heating s required for o significant porfion
of the year.

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
Il FOR MORE INFORMATION

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

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! (S) (MMBro/fyr)  (S/yr (yr) (yr) Confidence*
Waste
Hegt 1,420 280.3 1,290 1.1 20 H
Recovery

09

&~

These data were taken from the Energy Analysis and Diagnostic Center (EADC) data base. The frequency of implementution for this meosure was 63%.

One example from the EADC data base to further dlarify the casts is os follows: The waste heat from o 150 hp screw compressor was used to heat o space in o lumber mill. The
energy savings were 121 MMBtu/yr, the cost savings were $2,730//yr, and the implementation cost was $670—giving o simple payback of three months.

The energy cast savings are based on actual costs os reported to the EADC from the faclty.

H stands far high.



INDUSTRIAL BRIEF # 19
PRESSURE REDUCTION

Il DESCRIPTION

Demond and energy savings can be realized by reducing the air
pressurecontrolsetting on an air compressor. In many cases, the air is
compressedto a higher pressure than the air-driven process equipment
actually requires. By determining the minimum required pressure, one
may find that the pressure control setiing on the compressor can be
lowered. This is done by a simple adjustment of the pressure setfing
and applies fo bath screw ond reciprocating compressors, The resulting
demond and energy savings depend on the power rating of the
compressor, the load factor, the use foctor, the horsepower reduction
factor, the current and proposed dischorge pressures, theinlet pressure,
and the type of compressor. This measure should only be considered
when the operating pressure is greater than or equal to 10 psi higher
than what is required for the equipment (with exception fo situations
with extremely long delivery lines or high line pressure drops).

Il DEFINITIONS AND TERMS
POWER RATING The power indicated by the air compressor manu-
facturer—usually shown on the nomeplate.

POWER REDUCTION FACTOR The ratio of the proposed power
consumption fo the current power consumption, based on operating
pressure.

INLET PRESSURE The air pressure atthe air intake tothe compressor,
usually local atmospheric pressure.

Il APPLICABILITY
FAQILITY TYPE Any facility that has an air compressor.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Sirategic conservation.
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Il FOR MORE INFORMATION

National Technical Information Service, Compressed Air Systems, A
Guidebook on Energy and Cost Savings, #DOE/(S/40520-12, March
1984.
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Table I-22. Pressure Reduction: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options' (S)2 (kWh/yr) (S/yrP (yr) (yr) Confidence
Pressure
Reductions 1,120 22,150 1,100 1.0 10 H

These dato were token from the Energy Analysis and Diognostic Center (EADC) dota base. The frequency of implementation for this measure wos 55%.

One example from the EADC dato base to further clarify the costs is os follows: Reducing the air pressure control setting on o 75 hp air compressor from 115 psig to 100 psig
resulied in energy savings of 22,500 KWh and cast savings of $1,180/yr. The implementation cast wos $270, resulting in o simple payback of three months.

The energy cost savings ore based on actuol costs as reported fo the EADC from the facilty.
H stands for high.



INDUSTRIAL BRIEF # 20
SCREW COMPRESSOR CONTROLS

Il DESCRIPTION

Screw compressors may consume up fo 80% of their rated power output
when they are running at less than full capacity. This is becouse many
screw compressors are controlled by closing a valve; the inlet throfiling
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 fo zero,
and thus power i sfill required by the unit. Accordingly, an older unit
will continue o operate at 80% to 90% and a new unit at 40% to 60%
of its full load copacity horsepower. When several screw-type air
compressors are being used, it is more efficient to shut off the units
based on decreasing lood than to allow the units to idle, being careful
not fo 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 refrofit
and new installations.

Il DEFINITIONS AND TERMS
None.

B APPLICABILITY
FACILITY TYPE Any faciity that has screw-type air compressors.

CLIMATE All

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

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options' (S (kWh/yr) (S/yr? (yr) (yr) Confidence*
Saew
Compressor 2,300 75,100 3,750 0.6 10 H
Contrals

These doto were token from the Energy Analysis ond Diagnostic Center (EADC) doto base. The frequency of implementation for this measure wos 50%.
One example from the EADC doto base to further clorify the costs isos follows: Instolling contrals on 0 100 hp compressor resulted in energy savings of 128,600 kWh ando cost

savings of $6,750/year, at on implementation cost of $1,500.
The energy costsavings ore based on octuol costs os reported fo the EADC from the focity.
H stonds for high.



INDUSTRIAL BRIEF # 21
COMPRESSOR REPLACEMENT

Il DESCRIPTION

It is often advantageous fo install a smaller compressor to more dosely
match the compressed air requirements normally met by oversized or
lorge compressors, for processes that have periods of low compressed
air usage. A smaller compressor will reduce energy usage and associ-
ated costs becouse the smaller compressor will operate at a better
efficiency than the larger compressor when ir requirements are low.
Generally pre- 1975 stationary screw-type compressors, if oversized for
the load, will run unloaded much ofthe time when the load is low. They
are unloaded by dosing the inlet valve and hence are referred fo 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 il reservoir pressure and reduce oil flow to
the compressor. Other strategies have also been developed but are not
usually found cn older (pre-1975) serew-type compressors. The un-
loaded horsepower for screw compressors operating with these ypes
of systems typically 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 conditions. In any event,
if the compressed air requirements are reduced during particulor
periods (such as on a third shift), but are not eliminated entirely, then
installing a smoller compressor to provide the air requirements during
these periods can be cost-effective.

Il DEFINITIONS AND TERMS
None

B APPLICABILITY
FACILITY 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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CLIMATE Al

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
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Table I-24. Compressor Replacement: Costs and Benefits

Installed Energy Cost Simple e
Costs Savings Savings Paybad i
Options' (S (kWh/yr) (S/yrP (yr) (yr) Confidence?
Compressor
Replocement 3,446 57,800 2,890 1.2 15 H

These doto were token from the Energy Analysis and Diognastic Center (EADC) data base. The frequency of implementation for this megsure was 62%.

One example from the EADC dato base to further clarify the costs is as follows: A manufocturer of computer peripheral equipment replaced a 200 hp air compressor with o
75 hp oir compressor. The energy savings were $61,850 kWh ond the castsavings were $2,725/year. The implementation costswere $4,000.

The energy cost savings ore based on actual costs os reported to the EADC from the focifty.

H stands for high.



INDUSTRIAL BRIEF # 22
LOW-PRESSURE BLOWERS

Il DESCRIPTION

Compressed air is somefimes used to provide agitation of liquids, to
control vibration units for material handling (as cir 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
siream. 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.

Il DEFINITIONS AND TERMS
PLATING TANKS Tanks containing chemicals used in plafing opero-
tions, such as chrome plafing.

B APPLICABILITY
FAGUTY TYPE Any facility having plafing tanks.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strafegic conserva-
tion and peak clipping.
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Table I-25. Low-Pressure Blowers: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S)2 (kWh/yr) (S/yrP (yr) (yr) Confidence!
Low-
Pressure 2,500 11,800 650 39 10 H
Blowers

These dota were token from th e Energy Analysis and Diagnostic Center (EADC) dota base. The frequency of implementation for this measure was 60%.

One example from the EADC doto base t ofurther clarify the costs is as follows: A plating foclity added o low pressure blower. The energy savings were 541,000 kWh/yr and
the cost savings were $3,200//year. The implementation cost was $5,000.

The energy cost savings ore based on actual cosls as reported o the EADC from the facilty.

H stands for high.



V. INSULATION

There are several opportunities in the industrial sector o reolize energy
savings by installing insulation in monufacturing facilities. Good insulo-
tion design and installation are very imporfont in tenns of perfonmance
and energy efficiency. It is imporfant fo detennine the most appropriate
type and thickness of insulation for specific applications. The most
costeffective approaches involve insulating pipes ond tonks. These
opportunities ore described in this section.
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INDUSTRIAL BRIEF # 23

STEAM LINES AND HOT
WATER PIPES

Il DESCRIPTION

Steam lines and hot water pipesshould be insulated fo prevent heat
loss from the hot fluids. Recommended thickness for pipe insulation
may be determined from the reference given below and from Table |-
27 in this brief. The energy and cost savings depend on the size of the
pipe (diometer and length of run), the temperatures of the fluids and
the surroundings, the annual hours during which the pipes are 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 fo space heating.

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

Il APPLICABILITY
FACQLITY TYPE All facilities with uninsulated steam and hot water
systems.

CLIMATE Al

DEMAND-SIDE MANAGEMENT STRATEGY Strategic
conservation.

Il FOR MORE INFORMATION
Kennedy, W. ., W.C. Turner, Energy Management, Prentice-Hall, Inc.,
Englewood Ciffs, NJ, 1984, pp. 204-221.

1989 ASHRAE Handbook of Fundamentals, American Society of Heat-

ing, Refrigerating, and Air-Conditioning Engineers, Inc.,, Atlanta, GA,
1989.
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Table I-26. Steam Lines and Hot Water Pipes: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybodk Life
Options! (S)2 (MMBtu/yr) (S/yrp (yn) (yr) Confidence*
Steam Lines ond
HotWoter 1,620 426.4 1,610 1.0 10 H
Pipes

Eanliaad

These doto were token from the Energy Analysis and Diagnostic Center (EADC) doto base. The frequency of implementation for this measure was 80%.

One exomple from the EADC data base to further clarify the costs is os follows: Insulating 500 ft of condensate return pipes located throughout a plant having a 300 MM8tu/r
(300 hp) steam biler resulted in energy savings of 370 MMBtu,/yr and a cost savings of $960//year. The implementation cost was $1,920.

The energy cost savings ore based on achual casts as reported to the EADC from the faciity.

H stands for high.



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

174

Process Temperature (°F)
Nominal Pipe 150 250 350 450 550 650 750 850 950 1050
Size (in)
Thickness 1 112 2 2172 | 312 4 4 412 5 51/2
1 Heot loss 1 21 30 4] 49 o |1 9% 114 135
Surface temperature 73 76 78 80 79 81 84 86 88 89
Thickness 1 2 212 3 4 4 4 512 | 5172 6
1172 Heatloss 14 22 33 45 54 73 94 103 128 152
Surface temperoture 3 74 77 179 79 82 86 84 88 90
Thickness 112 2 3 312 4 4 4 512 6 6
2 Heot loss 13 25 24 47 61 81 105 114 137 168
Surface temperature 7 75 75 77 79 83 81 85 87 9N
Thickness 12 | 212 | 312 4 4 412 | 412 6 61/2 7
3 Heat loss 16 28 39 54 75 94 122 133 154 184
Surface temperature 72 74 75 77 81 83 87 86 87 90
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Thickness W AEE 4 4 4 5 [ si2] 6 7| na

4 Heat loss 19 29 42 63 88 102 126 152 174 206
Suface temperoture 72 73 74 78 82 86 85 87 88 90
Thickness 2 3 4 4 412 5 512 | 6172 | 71)2 8

6 Heat loss 21 38 54 8 104 130 159 181 208 246
Surface temperature N 74 75 79 82 84 87 88 89 91

Thickness 2 [ 312 ] 4 4 5 5 [ s12 ] 7 8 | 812

8 Heat loss 26 42 65 97 116 155 189 204 234 m
Surface temperature n 73 76 80 8l 86 89 88 89 92

*bstracted from 1989 ASHRAF Handbook of Fundomentals, American Society of Heating, Refrigerating and Air Conditioning Engineers. The table is for mineral fiber insulation (fiber-

glass and rock wool). In each row the thickness is expressed in inches, the heat loss in Btu/hr-°F, and the surface temperaure in °F.




INDUSTRIAL BRIEF # 24
CHILLED WATER PIPES

Il DESCRIPTION

Lines containing chilled water should be insulated to prevent conden-
sation ond frost buildup on the lines and to prevent heat gain.
Condensation will occur whenever moist air comes into contact with o
surface that is ot a temperature lower than the dewpoint of the vapor.
In oddition, heat gained by uninsulated chilled water lines can ad-
versely affect the efficiency of a cooling system.

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

Il APPLICABILITY
FACILITY TYPE Any facility having uninsulated chilled water lines.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strotegic conservation.
Il FOR MORE INFORMATION

Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for

o complete list of presently operating EADCs. Contoct the EADC Center
nearest fo your area.
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Table|-28. Chilled Water Pipes: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (Y4 (I(Wll/gyr) (S/yrP (yr) (yr) Confidence*
Chiled
Woter 970 16,400 850 1.1 10 H
Fipes

-~

These doto were taken from the Energy Analysis and Diagnastic Center (EADC) data base. The frequency of implementation for this measure was 52%.

One example from the EADC doto base to further clarify the costs is os folows: Insulating 250 ft of cold pipe in a brewery resulted in energy savings of 3,500 kWh,/year and
a cast savings of $234 /yr. The implementation castwos $1,200.

The energy cost savings are based on octual costs os reported tothe EADC from the faciity.

H stands for high.



INDUSTRIAL BRIEF # 25
HOT TANKS

Il 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, 1.5 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 fonk increases.

Il DEFINITIONS AND TERMS
CONDENSATE Thehotwater that s the steam after it has cooled and
consequently condensed.

l APPLICABILITY
FACILITY TYPE All

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.

18
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Table I-29. Hot Tanks

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! (e (MMBtu/yr) (S/yB (yn) (yr) Confidence*
Hot
Tonks 3,230 4654 1,750 184 10 H

These doto were token from the Energy Anolysis and Diagnostic Center (EADC) dotu base. The frequency of implementation for this measure was 54%.
The costof insulation i typically around $0.50,/H2. One exomple from the EADC dotu base to further clarify the costs is as follows: Insulofing the manufacturing tonks in o food
plant resulled in energy savings of 135 MMBtu/yrand cost savings of $470,/yr. The implementotion costwos $1,090. The fonks had o top oreo of 50 ft2 and side oreos of

175 ft and contained fluids ot temperotures between 150°F and 230°F. The fanks were located in 0 room at 70°F.
The energy cost savings ore based on actuol costsos reported to the EADC from the facility.
H stands for high.



INDUSTRIAL BRIEF # 26
COLD TANKS

Il DESCRIPTION

Uninsulated tanks containing cold fluids are occasionolly found in
oppicotions, such as chilled water tonks that ore locatedin oreas where
there con be considerable heat gain through the tank surfaces. If the
oir surrounding the tank is at a higher temperature than that of the
tank, heat will betransferred to the contents of the tank. By insulating
these tanks, the heat transfer will be reduced and the load on the
refrigeration system con be reduced, resulting in significant energy
savings.

Il DEFINITIONS AND TERMS
COEFFICIENT OF PERFORMANCE (COP) The ratio between ther-
mal energy out of ond electrical energy into the system.

Bl APPLICABILITY
FACIUTY TYPE Any facility having uninsulated cold tanks and signif-
icant operating hours.

CLIMATE All,

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
I FOR MORE INFORMATION

1989 ASHRAE Handbook of Fundamentals, American Society of Heat-

ing, Refrigerating, and Air-Conditioning Engineers, Inc., Atlanta, GA.
1989, h. 22.
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Table I-30. Cold Tanks: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! (S (kWh/yr) (S/yrP (yr) (yr) Confidence*
(old
Tanks 460 10,500 520 07 10 H

These dafa were token from the Energy Analysis and Diagnostic Center (EADC) data base. The frequency of implementation for this megsure wos 54%.

One example from the EADC dato base to further clorify the coss is as follows: The eneigy savings on a refrigeration system having a coefficient of performance of 2 andan
uninsulated chilled water tonk of 47 12 at a temperaiure of 52°F in a room at 85°F would be over 2636 kWh/yr if the fank were insulated with 1 in. of fiberglass.

The energy cost savings are based on actual costs as reported to the EADC from the faciy.

H stands for high.



INDUSTRIAL BRIEF # 27
INJECTION MOLD BARRELS

Il DESCRIPTION

The barrels 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 barrels contributes to the air conditioning load in the plant as
wel os increasing the energy required to keep the barrels hot. Rock
wool blanket insulation is madespecifically for this purpose and is easily
removed if maintenance on the barrels is required. This measure s not
recommended when Acryla Nitral Budadine (ABS) or Poly Vinyl Chlo-
ride (PVC) plastics are being molded because the shear forces generate
so much heat that cooling is required.

Il DEFINITIONS AND TERMS
BARRELS The portion of an injection molding machine through which
the molten plasticis forced by the piston.

H APPLICABILITY
FACILITY TYPE Any injection molding faility.

CLIMATE All

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
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Table I-31. Injection Mold Barrels: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options' (S (kWh/yr) (S/yr? (yn) (yr) Confidence*
Injection
MnldI 4,033 54,900 2,700 1.5 5 M
Barels

These doto were token from the Energy Analysis and Diognestic Center (EADC) dota base. The frequency of implementation for this measure wos 30%.

One example from the EADC doto base to further clarify the costs is os follows: Insuloting the borrels on nine molding machines ranging in size from 25 tons to 716 tons
resulted in energy savings of 15,000 kWh and o cost savings of $1,700/yeor. The implementafion cost was $3,100.

The energy cost savings ore based on actual costs os reported to the EADC from the fociity.

M stands for medium.



INDUSTRIAL BRIEF # 28
DOCK DOORS

Il DESCRIPTION

Uninsulated dock doors con be a source of significant heat loss in
manufacturing facilities. The doors con often be insulated by installing
styrofoom 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.

Il DEFINITIONS AND TERMS

DEGREE HEATING HOURS A measure relating ambient tempera-
ture fo heating energy required. If the outsidetemperature s 1 degree
belowthe bose temperature in the plant for 1 hour thenthot represents
1 degree heating hour.

R-VALUE Measure of resistance to heat transfer h - fiZ2- °F / Biu

Bl APPLICABILITY
FACILITY TYPE All facilities with overhead doors.

CLIMATE Any dimate in which heating is required.

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.
Il FOR MORE INFORMATION

1989 ASHRAE Handbook of Fundamentals, American Society of Heat-
ing, Refrigerating, and Air-Conditioning Engineers, Inc.,, Atlonta, GA.
Energy Analysis and Diagnostic Center (EADC). Refer to Appendix A for

a complete ist of presently operating EADGs. Contact the EADC center
nearest to your area.
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Table 1-32. Dock Doors: Costs and Benefits

Installed Energy Cost Simple .
Costs Savings Savings Paybadk Life
Options! (S (MMBtu/yr) (S/yrp (yn) (yr) Confidence*
Dock -
Doors 1,300 199.1 667 2 10 M

These doto were token from the Energy Analysis ond Diognostic Center (EADC) data base. The frequency of implementation for this measure wos 54%.

One example from the EADC doto base to further clarify the costs is os follows: Placing 1 in. of polystyrene on on uninsulated dock door of approximotely 150 ft2 resulted in an
energy savings of 4 MMBtu /yeor in the Denver, CO orea. This assumes that the door s open 20% of the fime. The costfor materiols is obout $0.50/f2 and $0.75 /f12 for the
installation,

The eneigy cost savings ore based on octual costs as reported to the EADC from the focility.
M stands for medium.



V1. INDUSTRIAL PROCESS HEAT RECOVERY

Industriol process heot is the thennol energy needed for the freatment
and preparation of manufoctured goods. Process heating applications
require more than half of the total energy consumed by industry, yeton
esfimated 25% to 50% of this process heafing energy is dischorged os
exhoust gases or woste liquids ronging in temperature from 100°F to
2,000°F. The otherwise wasted energy con be reused by way of woste
heat recovery systems—systems thot fransfer heat from o high-
temperature waste heat source to o lower femperature process supply
surce.

Combustion-equipment exhausts ore the most plentiful source of waste
heat in indushy. Other typical heat sources inclide worm waoste water
from industriol processes and equipment cooling, retum and exhaust air
from ventilation systems, ond woste steom and other hot woste process
vopors. Heat recovery from these and other sources is typically used to
preheat combustion air for boflers, fumaces, ovens, or kilns; o preheot
boiler feedwater; to preheat ventilotion air; or fo use directly in the
industrial process.

Waste heat recovery equipment is commercioly ovailoble for both
instollation into existing industriol process systems and for installation
during new construction. Implementation of such systems has helped
industry to improve the efficiency of its processheating systems, reduce
purchased energy costs, and decrease the life-cyde costs of its process
heating equipment. In many cases, the inifial cost of heat recovery
systems varies only slightly from 1he initial cost of nonrecovery systems,
especially in loiger projects.

Industrial process heat recovery systems which ore discussed in this
section include woste heat recovery heat exchongers, wasle heat
recovery boilers, industriol process heat pumps, and cogeneration.
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INDUSTRIAL BRIEF # 29

INDUSTRIAL PROCESS HEAT
EXCHANGERS

Il DESCRIPTION

Heat exchangers transfer heat from o high-temperature fluid 1o o
low-temperature fluid. Industrial heat exchangers usually serve two
functions: to cool a hot waste stream and to heat a cool process stream.
Heat exchanger systems ore generally simple—with few components
and almost no moving ports. Equipment for these systems is commer-
cially ovoilable, 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 heoting
processes. Process heat energyreduction of 20% is not uncommon offer
the installation of industrial heat exchanger equipment.

Heat exchangers ore categorized into two groups: regenerative and
recuperative heat exchangers. Regenerative heat exchangers alter-
nately store and transfer heat between hot and cold ir streams. The
most common type of regenerative heat exchanger isthe rotary or heat
wheel heat exchanger. Recuperators directly transfer heat between two
fluid streams separated by o heat transfer surface. Common recupera-
tive heat exchangers ore known as either tubular recuperators (such as
the shell-in-tube or the finned-tube heat exchangers) or plate recuper-
ators (such os the oir-to-air plate heat exchanger or the liquid-to-liquid
plate-and-frome heat exchanger).

Heat-pipe heat exchangers and economizers ore also foundin industry.

I DEFINITIONS AND TERMS

ROTARY OR HEAT WHEEL HEAT EXCHANGERS Heat exchangers
that transfer heat by continuously rotating o matrix (usually a closely
knitted metal mesh or a desiccant-impregnated [drying agent] material
used fo 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 fransferred 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 flowingin the shell and a 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 heat exchange surface area, which increases the effeive-
ness of the heat exchanger. Finned-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 supply air flow passages. These
heat exchangers are light-weight, simple, reliable, and durable.

PLATE-AND-FRAME HEAT EXCHANGERS Heat exchangers that
transfer heat between two liquid streams. The plates are designed so
thatwhen theyarestacked and gasketedtogether, channels are created
forthe counterflow of a hot waste heat stream and a cool processsupply
stream. Thistype of heat exchanger is attractive because it is compact,
relatively easy fo clean, and capable of handling a wide variety of
industriol fluids.

HEAT-PIPE HEAT EXCHANGERS A bundle of sealed tubes contain-
ing a refrigerant installed between a hot and a cold air stream. As warm
air passes over the tubes, heat s transferred to the refrigerant, and the
refrigerant is vaporized. The vaporized refrigerant condenses back fo
a liquid and releases heat as cool air passes over the opposite end of
the bundle. Limitations to heat-pipe heat recovery systems are that
there are relatively few commercial suppliers, and the systems are
generally more expensive than other heat recovery systems.

ECONOMIZER Economizers, usually a finned-tube heat exchanger,
are typically installed into boiler exhaust streams whose temperatures
are less than 800°F Economizers are copable of increasing boiler
efficiency up 10 10%.



EFFECTIVENESS A meosure of heat exchanger performance that is
the rafio ofthe amount of heattransferred to thetheorefical maximum
amount of heat that could be fransferred.

B APPLICABILITY

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

CLIMATE All.

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

Il FOR MORE INFORMATION

Thanos, P, FW. Payne, eds,, “Waste Heat Recovery Applications,”
Integration of Efficient Design Technologies, The Association of Energy
Engineers, The Fairmont Press, Inc., Liburn, GA, 1988.

Goldstick, R., A. Thumann, Principles of Waste Heot Recovery, The
Fairmont Press, Inc.,, Atlonta, GA, 1986.
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Table I-33. Heat Exchanger Comparison

Type of Heat Efficiency Equipment Size Temperature
Exchanger Range! (%) Range Range (F) Possible Applications
Rotary Whee! 500 80 50 070,000 cim -70t0+1,500  heating or cooling ventilation air when large oir changes are required (i.e., 30 air
changes per hour), process heat recovery in fow and moderate temperature
ranges such as for preheating air o drying avens or balers
Shell and Tube 5010 90 0.5t 50 gpm up 101,000 transfer heatfrom condensates (i.e., refrigeration ond oir conditioning systems
(through tube) and process steam systems), transfer heat from coolants (i.e., engines, air com-
pressors, machinery lubricants)
Finned Tube 501090 05 to 50 gom 0 moximum heating boiler feedwater, process liquidheating, hot waterspace heoting systems
(through tube)
Plote 5010 80 251 10,000 no maximum recovering heot from exhaust gases such as from avens, furnaces, and incinerc-
tors fo preheat process or combustion air to these and ather equipment
Plote and Frome 601090 upfo 16,000 gpm -300 0 4400 recovering heat from exhaust gases such as from ovens, fumaces, and incinerc-

tors o preheat process or combustion gir to these and other equipment
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Heat Pipe 4510 65 100 and up 4010495

Economizer 5010 90 05 10 50 gpm up o 800
(through tube)

process or space air heating and cooling; extraclingheatfrom bailer, oven, fur-
nace, and kiln exhaust fo preheat air fo these and other process equipment

tionsfer heat from a boiler exhaust stream to the boiler feedwater only

1. Efficiency depends on heat exchanger size, rate of fluid passage, and the heat exchanger condition,
2. Equipment size in tems of airflow (cfm) or liquid flow (gpm).



INDUSTRIAL BRIEF # 30
WASTE HEAT RECOVERY BOILERS

B DESCRIPTION

Waste heat recovery boilers use waste heat from industrial gases to
produce steam, replacingsome o all of the purchased combustion fueks
normally consumed to fire boilers. The most common heat source for
waste heat recovery boilers s from gas turbine exhaust. Other waste
heat sources include furnace, kiln, reactor, and incinerator exhaust
sireams. Waste gas streams between 500° and 2,000°F and with flow
rates of less than 1000 cfm up to nearly a million cfm 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 Ib/hr up to hundreds of thousands Ib/hr, depending on the
temperature and flow rate of the waste gases entering the boiler and
on the boiler efficiency.

Waste heat recovery boilers 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 fubes to heat the
water or produce steam. Water-tube boilers consist of water circulating
through tubes surrounded by hot exhaust gases. The waterin the tubes
is heated or converted into steam as heat is transferred from the hot
exhaust gases to the water. Fire-tube boilersare commercially available
for steam production capacities below 60,000 Ib/h, and water-tube
boilers are available for steam production capacities of up to
200,000 Ib/h.

Waste heat recovery boilers are a common method of waste heat
recovery in industry. The technology is familiar fo industry, system
designers, and equipment suppliers. Waste heat recovery boilers are
also used by utilties to reuse the heat from turbine exhausts. Boilers
used by utilities are most often custom designed water-tube boilers with
steam generating capacities of up fo 10,000,000 lb/h.

Three types of waste heat recovery boilers 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 recovery boilers in general moy be beneficial o on
industry or o utility for both retrofit ond new construction applications.

I DEFINITIONS AND TERMS
HRSG Heot Recovery Steam Generator

UNFIRED HRSG Unfired HRSGs use only the heot ovoiloble from on
exhoust stream to produce steam. These boilers ore copoble of recov-
ering approximately 75% of the heat from on exhaust stream ond ore
copable of producing steam between 50 psig at 212°F ond 1000 psig
at 900°F. The disadvontoge of this boiler type is thot it cannot easily
respond to the changing process steom demands.

SUPPLEMENTALLY FIRED HRSG Supplementally fired HRSGs use
0 hot waste exhaust stream that is mixed with enough odditionol oir
to fire o conventional fuel (usually noturol gos, ail, or cool). The high
temperature of the waste siream increases the temperature of the
combustion oir, which in furn increases the efficiency of the HRSG. Fuel
consumption is normally 10% to 20% less thon thot required by o
non-waste heat recovery boiler under the same conditions. Commer-
ciolly ovoilable supplementolly fired HRSGs ore copable of producing
steam between 600 psig ond 1,500 psig. Gos turbines ore the principal
woste heat source for this type of boiler in present industrial opplications.

FULLY FIRED HRSG Fully fired HRSGs use only o hot exhaust siream
to accommodate fuel combustion requirements of the boiler. The
exhaust stream, usually from o gos turbine exhaust, must confain
sufficient oxygen fo 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 fully fired HRSGs in
industry becouse when compored to the unfired or supplementolly fired
HRSGs, the inifiol cost of fully fired HRSGs is very high ond the poybock
period is long.

9



B APPLICABILITY

PROCESS TYPE Waste heat recovery boilers are most applicable to
processes which ore capable of supplying a constant waste heat stream
of over 500°F and which ore able to reuse the heat near to the waste
heat source. It is also important that the waste heat is available ot the
some time that there is a demand for the heat.

CLIMATE All

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

l FOR MORE INFORMATION
Goldstick, R., A. Thumann, Principles of Waste Heat Recovery, The
Fairmont Press, Inc., Aflanta, GA, 1986.

Gonopothy, V., “HRSG Features and Applications,” Heating//Piping/ Air
Conditioning, Vol. 61, no. 1, January 1989.
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Table |-34. Waste Heat Recovery Boilers: Costs and Benefits

Naturdl
Equipment Gas Energy Cast. Simple
Costs Savings Savings Payback Life
Options' (S) (MMBtu/yr) (S/yrl? (yr) (yr) Confidence’
HRSG 525,000 11,400 30,552 171 20 L

The costs ond savings for waste heat recovery badlr instolotion is unique to each application. The example given in this table is based on on overage cost of $7,/1,000 b
capacity of o supplementolly fired, water-tube steam boiler which hos on onnuol fuel consumption savings of 15% when compared to o conventional steam boiler with similar
choracteristics. The waste heat recovery boiler is assumed to hove o capacity of 75,000 Ib /h for 150 psig saturated steam, operoting 7,200 h/yr.

?useddonfo$2k.]68 /1,000 12 /hr of noturol gas. Electrical requirements assumed to be similar between Heat Recovery Steam Generotor (HRSG) ond gos /il fired steam bailers.
stonds for low.



INDUSTRIAL BRIEF # 31
COGENERATION

Il DESCRIPTION

Cogenerationistheuse of one energy source to provide both heotond
power simultoneously. Cogeneration systems rely on the energy
source—lypically noturol gos, ofl, or cooll—to produce process steam
or hot water ond to produce electricity. Industrial cogeneration systems
ore usually lorge scale, copoble of providing 2 MW or more of power.

To dote, most cogeneration systems hove been builtin energy-intensive
industries: pulp ond paper, chemical, petroleum, food, ond primary
metals industries. The paper industryis the leading cogeneroted power
user in the United Stotes, 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 benefit from cogeneration, such o
the distilled beverage industry. The primary limit for cogeneration
systems in the food ond kindred productsindustry is the seasonol steam
demand of mony processes, which results in o low thermal demand.
Primary metols industries, such os the aluminum industry, will continue
to depend on high thermal energy processesin 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 industriol
process. Typical prime movers of industrial cogeneration systems in-
clude 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. Industriol cogeneration
systems producing hot water (180°F) or low-pressure steam (15 psig)
tend to use reciprocating engines os the prime mover. Higher pressure
steam (up to 125 psig) con be produced if heot recovery from the
engine exhaust is used.

%



The combustion or gos turbine is probobly the most common prime
mover for industrial cogeneration systems because of ts high thermo-
dynamic efficiency, high exhaust temperature (900°F to 1100°F),
lorge ronge of copocities commercially ovoiloble (0.5 MW to
150+ MW), ond ifs relatively low capitol cost. Due to the combustion
or gos turbine engine's poor part load performance, itis mostopplicable
to processes chorocterized by steody steom loods.

Cogeneration systems using steom furbines ore typicallyused for lorge
installations where the steom demond is constant. Steom produced in
0 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 cells ore
beginning to be implemented in newsystems. Informotion on these two
fuel sources con be found in brief#2 ond brief #12, respectively, of the
DSM Pocket Guidebook, Volume 5: Renewables for Utility Supply and
Demand-Side Management.

Cogeneration systems ore dossified as topping or bottoming cycles.
Topping cycle systems produce eledricity first, and the excess thermal
energy (usually steom or hotwater) 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 fumaces or kilns, ond
ofter the process needs have been met, electricity is producedusing 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 as determined by the lean
Air Ad, the difference in conventional energy prices, and federal and
state tox incentives fo help industry justify the high inifial costs of
cogeneration systems. Utility support of cogeneration most often occurs
when the utility is foced with increasing electrical demands which could
eventually exceed its power generating capabilities.
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Il DEFINITIONS AND TERMS
CAPACITY The maximum eledrical and process heat loads that the
cogeneration system s designed fo meet.

TOTAL EFFIIENCY The ratio of the system eledirival output plus
thermal heat ufilized, to the energyinput.

B APPLICABILITY

PROCESS TYPE Most applisable fo industrial processes that require
a steady steam or hot water load or thot produce high-temperature
woste heat.

CLIMATE All

LOCATION Cogenerationsystems are beneficial toindustries in areas
of high eledric utility rates and low fuel costs, and are beneficial to
utiliies which are seeking opportunities to defer copacity expansion.

DEMAND-SIDE MANAGEMENT STRATEGY Peak dipping.

B FOR MORE INFORMATION

Dickenson, R.L, S.A. Vajtasa, N. Korens, Future Cogeneration Technol-
ogies, Electric Power Research Institute report CU-6795, Palo Alto, (A,
May 1990.

California Energy Commision, Appendix A Volume II: Detailed Electric

Generation Technology Evaluations, Energy Technology Status Report,
P500-90-003A, Scramento, CA, June 1991.
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Table I-35. Cogeneration: Costs and Benefits

Thermal Electrical
System 0&M Energy Energy Cost Simple
ost Cost Sovi Savings Sovings Pd(b;ltk
yr]

Options' Sy (S/yry (I(WII%:)' (S/yr¥ (S/yr Life Confidence*

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

e

Cogenerution system casts and savings ore exiremely site specific. The numbers in this table represent a 2.8 MW, gos furbine, topping cycle cogeneration system. Al costs ore
based on 1991 dollars. Source: Engineering Economics, Inc., Golden, C0.

Installed cost.

Annual operating and maintenance cost including cost of fuel,

Actual savings for the system descibed in footnate 1, when compared to the cost of buying power and generating steam prior to inslalling the cogeneration system.

Cost savings indude both thermal and electrical energy savings. Thermal savings ore based on $2.60/MMBtuh ond the electrical savings ore based on $0.05,/kWh.
M stands for medium.



INDUSTRIAL BRIEF # 32
INDUSTRIAL PROCESS HEAT PUMPS

Il DESCRIPTION

Industrial process heat pumps exiract heat from onesourceand deliver
it to a second source, much the same as residentiol and commercial
heat pumps (refer to Brief #9, “Residential Technologies”, DSM Pocket
Guidebook, Volume 1: Residential Technologies, and Brief #9, “Com-
merciol Technologies”, DSM Pocket Guidebook, Volume 2: Commercial
Technologies). Industrial process heat pumps differ in thot they ore
nonreversible; they are capable of transferring heat in only one
direction.

Industrial heat pumps “lift" heat from a low-temperature source,
increasethe temperature, and then deliver the heotto a processstreom.
For example, an industrial heat pump may be designed to extract heat
froma 100°F wasle heat source and deliver heat at 300°Fto 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-
quently reduced, as are combustion-gas emissions within the plant.

Industrial heat pumps are categorized into three groups; dosed, open,
or semi-open cycle. Closed 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
cyde. In most dosed cycle systems, a compressor increases the pressure
and temperature of the vapor before it releases the heat as it is
condensed backinto a liquid. Closed cycle systems are also sometimes
used for industriol cooling applications. Heat is removed from a process
as a working fluid in the liquid state absorbs heat and vaporizes. Closed
cycle systems are normally needed when the wasteand process sireams
must be isoloted from one another or when either stream contains
contaminants that would foul a heat pump system. These systems are
also applicable to situations where the waste heat source and the
process stream are not near to ane 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 directlyin
the process. Steam or other process vapors may be used if the vapors
ore relatively 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-open cyde systems vaporize a process fluid using waste heat. The
vaporisthen compressed toelevate itstemperature beforeitis 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 are commonly used for recovering heat from contaminated
wasle streams,

Industrial process heat pumps are 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 vopor in order to “lift" heat from o waste stream. Chemical heat
pumps do not have a compressor but instead condense voporized
refrigerant in a concentrated salt solution (heat is released) and then
pressurize the solution fo a vapor (heat is absorbed). Chemical heat
pumps are most often used for industrial cooling applications.

Indostriol heat pumps are often integrated into existing manufacturing
processes. Because each industrial heat pump application issite spedfic,
a detailed analysis of the process is necessary for all retrofit and new
construction applicationsin order to determine the most efficient means
of transferring heat. The high cost of this analysis, as well os the cost
of the system design, often causes potential usersto shy away from the
technology, especially if the cost of energy is relatively low ot the time.

I DEFINITIONS AND TERMS

COEFFICIENTOF PERFORMANCE (COP) A measureofheat pump
performance. It is the ratio of the useful energy out of the systemto
the required energyinto the system. Industrial heat pump COPs range
from four (for some losed cycle heat pump systems) to 30 (for some
open cycle heat pump systems). High COPs are desired.
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LIFT The difference in femperature that a heat pump is capable of
delivering. Far example, an industrial heat pump that can extract heat
from a 100°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 typically have ifts of up to 300°F for closed cycle
systems and 60°F for semi-open and open cycle systems.

B 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-SIDEMANAGEMENT STRATEGY Load hifing, vlley
fillng,

H FOR MORE INFORMATION

Heat Pumps for Industry, Take Another Look, Chapter 3,
DOE/CH10093- 114, National Renewable Energy Laboratory, Golden,
(0, September 1991.

Pucciano, F.J., “The Utility's Role i nthe Industrial Application of Applied
Heat Pumps,” ASHRAE Transactions, 1987, Vol. 93, part 1, The Amer-
ican Society of Heating, Refrigerating and Air Conditioning Engineers,
Inc., Atlanta, GA, 1987.
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Table I-36. Industrial Process Heat Pumps: Costs and Benefits!

Installed Energy Cost Simple
Cost Savings Savings Payback
System? ()] (MMBtu/h) (S/yri-" (yr) Confidence?
1 1,376 452 500 28 M
2 2,230 985 1,300 17 M
3 1,084 63.5 1,300 08 M
4 1,638 723 1,000 1.6 M

Informotion for this toble s referenced from Heot Pumps for Indushy, Take Another Laok, Chapter 3, Notionol Renewable Energy Laboratory, Golden, (O, September 1991.

The systems represented in this table depict individual case sludies. System descriptions are os follows:

System 1: Twa apen cyde heat pumps were added o on existing petroleum refinery. The heat pumps eliminated the need for one gos-fired heater. Electricity consumption
increased slightly (2.4%) ond the net fuel consumption (primority nolurol gos) decreased by 44%.

System 2: Two apen cycle heat pumps were added fo on existing rubber plant process. One heat pump produced steam fo be used directly by the process. The other heat pump
compressed process vapors in order fo heat boiler feedwater. Electricity consumption increased by less than 5% ond the net fuel consumption (primarily cool) decreosed by 59%.
System 3: One open cyde heat pump wos added to on existing pulp ond paper process. Boier feedwoter is heated by steom prodused from waste heat in the heat pump cyde.
Electricity consumption increased by less than 1% ond the net fuel consumption (primarly notural gos) decreased by 14%.

System 4: One apen cycle heat pump was added fo on existing wet-cornmilling process. The new heat pump wos added to oid in the evoporation process. The net fuel
consumption (primarily coal and nofural gas) decreosed by 33%.

Cost sovings were estimoted based ontheinstalled costs ond the simple paybock.

M stands for medium.



VII. SOLAR ENERGY

Almost ll industry requires some form of process heat for the
treatment and preparation of its manufactured goods. More than
half of the total energy consumed by industry isfor process heating
applications. Approximately 90% of these process heating needs
are met through the consumption of fossil fuels. Using present-day
technology, one-third to one-half of the U.S. indusiry’s process
heating requirements could potentially be met by solar energy.

Solar energy industrial applications range from process water and
air preheating to the direct use of solar-generated steam and
contaminant removal from industrial process wastewater or
groundwater contaminated by industrial processes. Solar energy
may be used asitis collected during the day or stored to use during
nighttime or doudy periods. Because solar industrial process heat
systems can be designed to match the temperature needs of the
process and besause industrial process loads often occur duringthe
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 section include solar indus-
trial process heating systems, solar preheated ventilation and
process air systems, and solar photocatalyfic water detoxification
systems. Passive solar building design forindustrial buildingsis very
similar to commercial building design (refer to Brief #2, “Passive
Solar Design,” inthe DSM Pocket Guidebook, Volume 2: Commer-
diol Technologies). ’




INDUSTRIAL BRIEF # 33

SOLAR INDUSTRIAL PROCESS
HEATING

B DESCRIPTION

Currently, almost any industrial plant in a reasonably sunny area and
requiring heated air or water can benefit from using solar heating
systems fo reduce its peak energy demand, reduce the quantity of fossil
fuels required for process heafing, and/or reduce air emissions. Indus-
tries that consume the majority of process heat are the food, texile,
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 applicofians (less than 200°F) and par-
abolic trough collectors, evacuated tube, and combined parabolic con-
centrators for low-to-intermediate-temperature applications (up to
600°F). Refer to Figures -2, I-3, 14, I-5, and 16 for schematic dingrams
of these four collector types.

Parabolic trough, evacuated fube, 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. Flash
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 drculote a heat transfer fluid through the
collectorsystem and then through heat exchangers in order fo transfer
heatto water and producesteam. Directsteam generationsystems allow
water to boil in the collectors and then distribute the steam directly fo
the industrial process. The direct steam generation systems are new and
have not yet been installedin an industrial process.

Solar industrial process heat systems are usually supplemented by a
fossil fuel system or a process heat storage system fo ensure an
uninterrupted supply of process heat. Solidmaterials suchas rock, sand,
brick, eastiron, 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. Liquid storage media for temperatures above 212°F ore most
often organic oils, molten salts, or liquid metals. Water has the highest
storage capacity, lowest cost, and is the medium of choice for storage
temperatures below 212°F. Pressurized water tanks ore required for
water storage of temperatures above 212°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 solor
collector system to operate af its lowest possible temperature, which
results in the highest possible efficiency.

I DEFINITIONS AND TERMS

FLAT PLATE SOLAR COLLECTOR Flat plate solar collector systems
ore capable of collecting both direct and diffuse solar radiation, lock
moving ports, and ore svitable for raof mounting (Figure 1-2). These
systems ore designed to operatewith air or liquid as the working fluid.
Solar heated air may be supplied directly 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 solor collector for once-through air
heating is beginning o be used for industrial space heating. These high
efficiency collectors ore discussed in brief #34 of this guidebook.
Collectorsthat use o liquid as o working fluid ore wellsuited for heating
low-temperature process water, but antifreeze or other freeze protec-
tion is required in most cimotes. These collectors must also include o
heat exchanger if the working fluid is notused directly by the process.

PARABOLIC TROUGH SOLAR COLLECTOR Parabolic frough solor
collectors hove on absorber pipe mounted at the focal point of o
parabolicreflector (Figure -3). Aworking fluid, usually water, isheated
asit circulates through the pipe. Because the parabolic troughis 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 COLLECTORS The term “evacuated fube” refers
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to concentric tubes between which a vacuum exists. A working fluid
circulates through theinnertube and an absorbent surface coats either
the outer or aninner tube (Figure I-6). A seriesof these tubes is usually
mounted above a reflective flat surface (evacuated tube collector,
Figure |-4) or above parabolic reflectors (Compound Parabolic Concen-
trator [CPC], Figure I-5). These collectors are often nontracking ond
are significantly more efficient during periods of diffusesolar radiation
than the flat plate or parabolic trough solar collector systems.

COLLECTOR EFFICIENCY A measurement of a solor collector’s ability
to convert solar radiafion info useful heat.

CONCENTRATION RATIO (CR) The ratio of the collector aperture
area fo the collector absorber areo. Typical CRs for the following
collector types are: flat plate collectors, 1; evacuated tube collectors,
generally between 1 ond 2; compound parabolic trough collectors, os
high as 10; and parabolic trough collectors, up to 60.

SINGLE AXIS TRACKING A system capable of tracking the sun about
one axis.

NONTRACKING Solar collectors thot are stationary and do not follow
the path of the sun across the sky throughout the day.

B APPLICABILITY

PROCESS TYPE Low- or medium-temperature industrial process heat
systems (less than 600°F) requiring hot air, hot water, or low-pressure
steam have the greatest potential for benefit from solar industrial
process heat systems.

CUMATE All Solar industrial process heat systems are more efficient
in regions of high solar radiation. Systems designed fo collect diffuse
solor radiation, such as evacuated tube or combined parabolic concen-
trator collectors, are efficient in generally cloudy or hazy regions.

DEMAND-SIDE MANAGEMENT STRATEGY Peak clipping, stro-
fegic conservation.

107



B FOR MORE INFORMATION

Garg, H.P., Advances in Solar Energy Technology, Volume 2, Industrial
Applications of Solar Energy, D. Reidel Publishing Co., Dordrecht,
Holland, 1987.

Solar Engineering, Proceedings of the American Society of Mechanical
Engineers (ASME) International Solar Energy Conferences, ASME, New
York, NY, 1982 fo present.
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Table I-37. Solar Industrial Process Heating: Costs and Benefits

Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S (kWh/yr) (S/yr)? (yr) (y) Confidence*
Flat Plates 160,000 416,500 20,825 11 20:30 H
Fiat Plateé 80,000 204,700 10,235 18 2030 H
Parabolic Traugh? 38,420 202,000 10,100 38 20:30 H
P 92,000 144,700 7,235 127 2030 H

pll

(=]

All systems descibed here were supplied by U.S. manufacturers.

Solar system capitol cost including installation for year ihot the system was installed (see system description notes 3-6).

Based on 50.05/kWh

H stands for high.

Process hot water heating system for poultry plont in Coiro, Egypt, instolled in 1991: 4,000 sq.ft collector area, toof rock mounted and 7,000 gallons of woter per day copacity,
Process hot water heating system for heating metol plating process water in Los Angeles, CA, installed in 1984: 1,920 sq.ft collector areq, roof rack mounted.

Process hot waterheatingsystem for heating metol plating process woterin Hayward, CA, installed in 1990: 2,260 sq.ft collector area, stretch membrane cover to parabolic
troughs, ond roof rock mounted.

Combined parabolic trough collectars for ice making system for use in fish storage and fish preservation in Maruata, Micoocon, Mexico, installed in 1992: 896 sq.ft collector area,
ground and roof mounled.



INDUSTRIAL BRIEF # 34

ONCE-THROUGH SOLAR HEATED
VENTILATION AND PROCESS AIR

l DESCRIPTION

Once-through solar heated ventilation and process air systems are new
to the market but hove already demonstrated that they are low cost
and can be very efficient. These systems heat outside air to be used
directly as preheated ventilation air or as industrial and agricultural
process drying air. Industrial buildings with high ventilation rates can
especiallybenefit from once-through solar systems because a large part
of the total building energy costs for space heating s often for heating
outdoor air. Further energy savings moy occur because there s 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 have many ad-
vantages. These systems ore virtually maintenance free. Routine care
of conventional air distribution system camponents (fan maintenance
and repairing duct leaks) is proctically all that is necessary. High
collector efficiencies can be obtained from very simple, low cost, site
built collectors. Retrofit of existing buildings is neither difficult nor
expensive, and in some cases, part of the existing building’s external
surface can be incorporated into the collector design.

Drawbacks to once-through solar heated air systems are that lorge
collectors are required to meet building ar process loads, low cost
naturol gas is typically used in manufacturing facilifies, and at present
there is only one company commercializing the technology.

There are two fypesof once-through solar heated air systems: unglozed
transpired collectors and glozed wall collectors.
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I DEFINITIONS AND TERMS

UNGLAZED TRANSPIRED COLLECTORS Air is drawn through o
dark colored, unglozed, perforated plate installed on a lorge, south-
facing wall of a building. The air is heated os it passes through the
perforations and is drawn into the building by fans. The ir may then
be distributed throughout the building by way of a conventional duct
system and used as heated space ventilation air or used directly 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 drawn through the perforations. The
unglazed transpired collector is the most efficient collector on the
market foday. Efficiencies of 75% or more are obtainable with this
collector type. The collectors are akso low cost (installed costs are
normally one-third less thaninstalled sosts for glazed collectorsbecause
of the lower material costs).

GLAZED WALL COLLECTOR Air is heated as it is drawn between o
glazing spaced several inches from a dork wall. Outside air is drawn
through a space located at the botiom of the wall and is heated asit is
pulled up by fans losated at the top of the wall. Expected efficiencies
forthis type of collector are approximately 45%. Maintenance osts for
this collector type are higher than for the unglazed transpired sollectors
because of the glazing.

Il APPLICABILITY
BUILDING TYPE A large, unobstructed, south-facing wall is required
on which to mount the solar collector system.

CLIMATEAI. The solar collector systems desaribed in this brief operate
at lower but acceptable efficienciesin generallydoudy regions. Greater
savings con be expected when these systems are used to preheat space
ventilation air in sunny, colder ciimates.

DEMAND-SIDE MANAGEMENT STRATEGY Strutegic conservation.
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l FOR MORE INFORMATION

Kutscher, C.F, CB. Christensen, G.M. Borker, “Unglozed Transpired
Solar Collectors: An Analytical Model and Test Results,” (Arden, ME. et
al, editors), Solar World Congress, 1991 Proceedings of the Biennial
Congress of the International Solar Energy Society, Denver, (0, August
19-23, 1991, vol.2, pp 1245-1250, Pergamon Press, 1991.

Carpenter, S.C., J.P. Kokko, “Performance of Solor Preheated Ventilo-
tion Air Systems,” Energy andthe Environment... The Next 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 I-38. Once-Through Solar Heated Air Collectors: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Payback Life
Options! (S)2 (kWh/yr)® (S/yr)* (yr® (¥ Confidence’
Unglozed Transpired
Wall Collector 72,000 1,472,000 35,000 2-10 2035 L
Glozed Wall Collector 840,000 37,400,000 336,000 2-10 1525 L

~No

Choracteristics of colectortypes: Unglozed tronspired collector—4,680 ft2, 44,000 cim, ventilation oir heating, new construction, Oshowo, Ontario, Canoda; glozed wall

collector—60,000 ft2, 230,000 cm, ventilation air heating, retrofit construction, Chicago, IL.

Instolled costs include cost of collector, supply oir fons, and associated ductworkand duct insulation per monufocturers dota.
Actual energy savings per monufocturer’s data.

Actual cost savings per monufacturer’s data.

Low payback approximations ore based on manufacturer's estimates, which indude savings from oll solar and non-solar benefits of the wall. High payback approximations ore
based only on the solar energy colected with natural gas ouxiliory. Poybocks vary depending on collector size, orientotion, and locotion (which offects efficiency) of the system.

Anticipoted Iife expectoncy ronge.
Lstonds for low.



INDUSTRIAL BRIEF # 35

SOLAR PHOTOCATALYTIC WATER
DETOXIFICATION

l DESCRIPTION

Solor photocotolytic water detoxification is the removal of low-level
hozordous organic compounds from confominated water through the
combined reaction of sunlight ond o photocatolyst. Industrial process
woste woter or ground water contominated by hozordous organic
compounds in the ports per million range (such os benzene, toluene,
trichloroethylene, ond some heovy metok) con be effectively treated
by o solor process. Sunlight ond o photocotolyst react to degrade the
hozordous organic compounds fo carbon dioxide, woter, ond smoll
amounts of mineral ocids.

Moin system components include o photoreoctor, piping, pumps, ond
storage tonks. The same technology used to develop solor collectors is
applied toward the design of photoreactors. A photoreoctor differs from
o solor collector in that it collects ond uses the sun's energy simulto-
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 fo conventionol woter defox-
ification systems ond ore familior o industrial users ond to system
designers ond installers.

The flow rote of confaminated water through the photoreoctor is
determined by the ovoiloble sunlight ond the type ond amount of
contomination. Periods of low light or darkness con be accounted for
by using o lorge system volume ond controlling (decreasing) the flow
rates or by having storage copocity built into the system. Solor pho-
tocatolytic water detoxification systems may olso be supplemented by
o conventional detoxification system to accommodate lorge quantities
of contomination or for nighttime operation.

When compared to conventional defoxification processes, solor pho-

tocatolytic water detoxification hos several odvontoges. The contami-
nant con be completely destroyed—leaving only woter, carbon
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dioxide, and dilute mineral acids—instead of being transferred from
the water fo another phose. Using solor energy also eliminates the need
to consume fossil fuels, which reduces operating costs and the produc-
tion of greenhouse gases.

At present, solar photocatalyticwater detoxification systems hove been
installed only as experimental systems. However, it is expected that
systems treating up to 100,000 gol/day of contaminated water will be
commerciolly availoble s early as 1995.

I DEFINITIONS AND TERMS

PHOTOCATALYST A substance that combines with rodiort energy to
accelerate o chemical reaction. The most effective photocotolyst for
solar water detoxification s titanium dioxide (Ti02).

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

FLAT PLATE PHOTOREACTOR A closed 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 photocatolyst con be
suspended in the water or attached to support material mounted in the
reactor. Flot plate photoreactors ore effective for use in typically cloudy
regions.

TRANSPARENT PIPE PHOTOREACTOR Usually borosilicate
(pyrex) pipes through which the contaminated water circulates. The
transparent pipes may be mounted above o refledtive surface, such as
ot the focal point of o reflective parabolic trough. The photocatalyst is
either suspended in the water or fixed supports covered with the
photocotolyst ore mounted throughout the reador. Parabolic trough
photoreoctors ore not effective during periods of cloudy weather;
however, other transparent pipe photoreactors ore effective. Transpor-
ent pipe photoreactors ore closed systems.

TANK OR POND PHOTOREACTOR This photareactor is on apen

type because the contaminated water is not enclosed in o sealed
environment. Tonks or shallow ponds containing contaminated water
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ore continuously agitated o ensure that the suspended photocatalyst
is evenly distributed. The contaminated woter/photocotolyst mixture
is exposed to the sun until the contamination concentration levels ore
in on acceptable range. Purchasing and operating costs of this fype of
photoreactor ore much less than those of closed type systems, but
considerable land areas may be required if lorge quantities of water
ore o be treated. Tonk or pond photoreactors ore effective for use in
typically cloudy regions.

l APPLICABILITY

PROCESS TYPE Photocotolytic 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 effedive in destroying contaminants such os carbon
tetrachloride and some heavy metals such os copper, nickel, and
cadmium. Nonvolatile confaminants (contaminants that do not easily
vaporize) con be treated in open reacors such os tanks or ponds.
Volatile contaminants (contaminants that readily vaporize of o rela-
tively low temperature) require o closed reactor such os o flat plate or
transparent pipe photoreactor.

CLIMATE All. Photoreactors con be designed to ufilize scottered light.
A backup system using lamps to provide near ultraviolet light may be
advantageous in some aregs.

DEMAND-SIDE MANAGEMENT STRATEGY Strategic conservation.

l FOR MORE INFORMATION

Turchi, C.S., H.E. Link, “Relative Cost of Photons from Solar or Elediric
Sources for Photocotolyfic Water Detoxification,” 1991 Solar World
Congress, International Solor Energy Society, Denver, CO, August 17-
24,1991

Mehos, M., C. Turchi, J. Pacheco, AJ. Boegel, T. Merrill, R. Stanley,
“Pilot-Scale Study of the Solar Detoxification of VOC-Contominoted
Groundwater,” Presented of the American Institute of Chemical Engineers
1992 Summer Annual Meeting, Minneapolis, MN, August 9-12, 1992,
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Turchi, CS., M.S. Mehos, H.F. Link, “Design and Cost of Solar Pho-
tocatalytic Systems for Groundwater Remediation,” Prepared for pub-
lication in Remediation: The Journal of Environmental Geanup Costs,
Technologies and Techniques, May 1992.
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Table I-39. Solar Photocatalytic Water Detoxification: Costs and Benefits

Installed Energy  Treatment Energy Cost Simple Pollutant
Copital Use Cost Savings Savings Pu(tntk Life Destroyed
Optins'  Coms(S)  GWh/y) (/) (Whye (/i G (p) OwShe  Confidencet
Adsorption®
Carbon 440,000 14,300 6.20 — — — 20 No H
[)V-lomp /Hydrogen
Peroxides 350,000 530,000 440 — — — 20 Yes H
Solor Detoxificotion
(Ti0; Photo-
(ofalyst)s  450,000-700,000 14,30085,700  5.00:6.00 ~440,000515,000 22,000:26,000 413 20 Yes H

1. Installed ond treotment costs were estimated based on o 100,000 gol,/doy unit treofing richlorethylene confaminated ground woter ot Uvermare, CA. Contractor fees ond
design costs ore included. 1992 dollor volues were used.
2. When compared to the conventional UV-.omp/Hydrogen Peroxide System.

3. Bosedon 50.05/kWh.
Foofnotes continued on next page



14!

H standsfor high.

Conventional wofer defoxficotion sysiem.

Cost, energyuse, and paybackranges werebased on experimentolly developed systems with the same assumptions as are descibed in foolnote 1. Because photoreactors an
similor to solar heating systems currently used by industry, and other systems components ore fypical fo conventional woler defoxificotion systems, casts for the systems shou
be opproximotely those indicated in the table after solar detoxificotion systems become commercially ovoilable.



VIII. ELECTRICAL USAGE SHIFTING AND CONTROLS

A high demand chorge con result from o high rote of energy use
for short periods during production hours. The meosures presented
in this section provide options fo shift or control demond. This
sectionincreoses demond-side monogement meosures for demond
controks, interruptible ond curtoiloble service ond power foctor
corrections.
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INDUSTRIAL BRIEF # 36
DEMAND CONTROLS

B DESCRIPTION

Demond contrals provide planned lood scheduling, cyding 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 to o shift where
the total demand will be less. An alternate solufion may be to inferlock
specific pieces of equipment, thereby preventing them from all con-
suming power ot their peak rates during any one parficulor demand
interval. This is not always feasible when the natural operating interval
of the equipment is much shorter than the demand interval, or when
themachines mustbe in continuous operation to maximize production.
Sometimes it is possible fo 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
somefimes referred fo as duty cyding or load shedding. This concept is
feasibleif the 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 times. This is only feasible
if the operation of the machinery is not required during other times.

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

DEMAND INTERVAL A fime period established by the utility, usually
15 minufes.

l APPLICABILITY
FACILITY TYPE All
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CUMATEAI.

DEMAND-SIDE MANAGEMENT STRATEGY Peak dlipping, valley
filling, and load shifting.

Il FOR MORE INFORMATION

Demand controls are also applied to storage systems. Refer to Brief #6
on Cool Storage Systems in DSM Pocket Guidebook, Volume 2: Com-
mercial Technologies.
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Table I-40. Demand Controls: Costs and Benefits

Installed Cost Simple
Costs Energy Savings Paybodk Life
Options' Sy Savings (5S¢ (y) () Confidence*
Demand 3170 7,700 kiWh/yr 5,603 05 10 M
Controls 47.9kW/yr

These data were token from the Energy Analysis and Diagnostic Center (EADC) data base. The frequency of implementation for this measure was 48%.

One example from the EADC dato base ta further clarify the costs is as follows: By shedding the electrical load associated with ice moking during the on-peak hours ond
producing ice during the off-peak hours in a food plant, cost savings of 58,350 wererealized. The implementation cast was $4,200, resulfing in o simple payback of 6 months.

The energy cost savings are based on actualcosts os reported to the EADC from the facilty.
M stands for medium.



INDUSTRIAL BRIEF # 37

INTERRUPTIBLE AND CURTAILABLE
SERVICE

Il DESCRIPTION

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

Facilities with interruptible gas service have a back-up fuel source—
eitheroil, propane, or a smallnatural gas meter— to meet the facility
requirements during the curtailment of service, or ot least, to provide
enough space heafing to prevent freezing of pipes.

Facilities on interruptible eledtricservice can have a natural gas or diesel
generator which provides power for those periods during which utility
power is not available. Another sirategy is to shut down the process
during a power inferruption, but to have a small electrical meter on a
noninterruptible ratethatprovides powerfor computers, controls, HVAC
equipment, emergency lighting, and burglor alarms.

I DEFINITIONS AND TERMS

UNINTERRUPTIBLE POWER SYSTEM (UPS) A generator and/or
set of batteries designed to prevent a loss of electrical power during a
power outage.

Il APPLICABILITY

FACUTY TYPE This measure is most suitable for facilties with lorge
energy requirements, or those that already own a UPS.
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CLIMATE All.

DEMAND-SIDE MANAGEMENT STRATEGY Flexible load shape,
peak clipping.
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Table I-41. Interruptible and Curtailable Service: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybadk Life
Options! (S) (kWh/yr) (S/yrp? (yr) (yr) Confidence®
Adding Second
Gos line o 10,700 N/A 18,810 0.6 20 H
Bock-up Generotor

- 1. These doto were token from the Energy Analysis and Diagnostic Center (EADO) dota base. The frequency of implementotion for this measure was 60%.
= 2. Theenergy cost savingsore based on octuol costs as reported tothe EADC from the fucilty.
3. Hstonds for high.



INDUSTRIAL BRIEF # 38
POWER FACTOR

l DESCRIPTION

The fotol power requirement of o load is mode up of two companents:
the resistive component and the reacfive component. The resistive
component, measured in kilowatts (kW), does the useful work and is
the quantily recorded by o watt meter. The reaciive component,
measured in reactive kilovolt-amperes (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 fransmission lines. Thus it constitutes on
energy loss for the electric utility.

Anolysis of the reactive load versus the resistive lood will yield o value
known os the power factor. The power foctor gives on indication of the
portion of the totol lood thot s resistive (real). Toreduce reactive losses,
the power foctor should be increased to o value os dlose o unity (1.0)
os possible.

For example, assume thot o manufacturing plant hos on overage
onnuol power foctor (PF) of 0.78. Power factor of 0.78 means that 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 factor is changed
from 0.78 10 0.95, then for every 78 kW demanded by the plant, the
utility need only supply 78 kW,/0.95 or 82 kVA.

Copacitors con be installed to decrease the reactive power (kVAR) and
thus the apparent power. Capacitors draw current which leads the
voltage, while inductive loads draw current that logs the voliage. The
net result of installing capacitors on circuits with inductive loads is that
the current in the supply line is brought more closely in phose with the
supply voltage. A power foctor of 1.0 indicates that the current ond the
voltage ore exadlly in phose.
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Capacitors can be installed ot anypointin the electrical system and will
improve the power factor between the point of application and the
pawer source. Capacitors can be odded ot each piece of equipment,
ahead of groups of small motors, or at main services. The advantages
unI;iI disadvantages of each type of installation are highlighted in
Table I-42.

Table I-42,
Advantages and Disadvantages

Type of Capacitor
Installation Advantuges Disodvantoges

Individuol equipment Increased lood Smaller copacitors cost
copabilifies of more per KVAR thon
distribution system larger units
Better voltoge
reguloion

Grouped equipment Increased load Switching means may be
capabilties of the required to control the
service umt:ium of capacitance

usel

Il DEFINITIONS AND TERMS

INDUCTIVEDEVICE Any device, such asa motar or fluarescent lamp,
for which the valtage changes in praportian to the fime rate of change
of current,

l APPLICABILITY

FAQLITY TYPEAny facility that has a pawer factar less than 0.90 or
has large pieces of equipment having power factorsbelaw0.90.
CLIMATE All.

DEMAND-SIDE MANAGEMENT STRATEGY Peak dipping.

Il FOR MORE INFORMATION

Ottaviano, V.B., Energy Management, Fairmant Press Inc., Atlanta, GA,
1985.
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Table I-43. Power Factor: Costs and Benefits

Installed Energy Cost Simple
Costs Savings Savings Paybodk Life
Options' (S (kWh/yr) (S/y? (yr) (yr) Confidence!
Power
Foclor 6,690 NA 6,690 10 15 M

Eanliad

These dota were token from the Energy Anolysis ond Diognostic Center (EADC) dato base. The frequency of implementation for this measure was 57%.

The cost represents the cost to instol copacitors. One exomple from the EADC dota base to furiher clorify the costsis os follows: By instoling copacitors to correct o power foctor
from on averoge of 0.72 10 0.95, o plant having o demand of 300 kW wos able to realize 0 demandcostsavings of $4,750/yr. The implementation cost was 56,480, result

ing in o simple poyback of 1.25 yr.
The energy cost sovings ore based on actual costs os reported to the EADC from the fadfty.
M stonds for medium.



MOTORS—UPDATE TO MOTORS BRIEFS IN DSM Pocket
Guidebook, Volume 2: Commerciol Technologies

Electricity needed o operate motors occounts for more thon holf of of
the electricity consumed by U.S. indusiry. Motors ore used o operate
pumps, compressois, machine tools, ond mony other pieces of process
equipment. The highest motor efficiency is ochieved when the motor is
motched to the food required from the equipment it serves. However,
older indushrial motors ore often oversized ond less efficient thon new
motors, o serve equipment having intermittent loods. These ore ol
factors that adversely offect the efficiency of the motor, which, in tum,
increases the motor electrical requirements ond operating costs.

Industrial motors ore often oversized for two reasons: (1) to ensure thot
the metor capacity will not, under ony circumstance, be less than the
required load; ond (2) to dllow for future increases in load demand.
Depending on the motor loading, the efficiency of the motur operation
con be significantly offected if the motor is oversized. If o motor serves
both onshift ond offshift loads, it may be beneficial o odd o smaller
motor matched to the lower load to operate during off-shift periods.

Energy-efficient motors (EEMs) that ore commercially avoiloble ore, on
the overage, 3% o 8% more efficient than older motors. Because of the
high cost of EEMs, these motors ore normally purchased only when
existing motors need replecing. Toble 44 shows the costs ond benefits
of EEMs. This table is similar to Table (-27 in the commercial technolo-
gies guidebook butincludes larger motors that may be found in industry.

Adjustable-speed drives (ASDs) maximize molor performance ond en-
ergy efficiency by properly matching motor speed to the changing
requirements. Energy savings ore possible by reducing the power
consumption of the mator os system requirements decrease. Variable-
speed devices such os multispeed motors, adjustable belts ond gears,
ond eddy current ond hydraulic drives con improve the efficiency of the
motor by up o 50%. Toble F45 summarizes the costs and benefits of
variablespeed controls.

For detuiled descriptions of motors, refer fo the motors section of the
DSM Pocket Guidebook, Volume 2: Commercial Technologies. That
section includes a number of efficiency improvements thot address the
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motor, as wel as transmission of the energy to the load (e.g., gears)
and the powersupply. Because not all efficiency measures ore opplicable
10 all motor types, the first technologybrief (#19) in the motors section
of the commercial technologies guidebook presents on overview of the
more common mtors and their uses. Terms pertaining to motor
efficiency measures ore also defined.

FOR MORE INFORMATION
Keinz, JR., R.L. Houlton, “"NEMA/Nominol Efficiency: What is it and
why?”, IEEE Conference Record CH1459-5, PaperNo. PC1-80-8 1980.

Lovins, A.B., et ol., “State of the Art: Drivepower,” Rocky Mountain
Institute, Snowmass, CO, April 1989.

Ebosco Sewices, Inc., Adjustable Speed Drive Applications Guidebook,
prepared for the Bonneville Power Administrotion, January 1990.

NEMA Standords Publication No. MG 10, Energy Management Guide for
Selection and Use of Polyphase Motors, Nofionol ELectrical Manufactur-
ers Associotion, Washington, D.C., 1989.

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

Installed Energy Cost Simple
Costs Savings Sav'ngg Payback Life
Options' (s1 kWh/y)  (5/y) yr) y) Confidence’
Varioble-
Speed 46,100 331,000 16,600 28 10 H
Controls

These data were token from the Energy Analysis and Diagnostic Center (EADC) doto base. The frequency of implementation for this measure was 34%.

Average implementotion cost per system for this measure. One exomple from the EADC doto base to further clarify the costs is os follows: Installing o variablespeed controller
on 0 50 hp motor resulted in energy and cost savings of 33,700 kWh and $2,740/yr. The implementation cost was $6,570.

The energy cost savings ore based on actual dollar savings as reported to EADC from the facilty.

H stands for high.
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Table I-45. Energy-Efficient Motors (EEMs): Costs and Benefits

Annual Energy Annual Cost
Size Std. Effic' EEM Effic! Savings? Cost Savings® Premium* Simple Payback
tp) (%) (90) (W) (5/y) 5 ty)
1 0.740 0.817 285 14.25 50 35
15 0.750 0.828 422 21.10 50 24
2 0.800 0.839 260 13.00 60 46
3 0.810 0.878 642 32.10 60 19
5 0.830 0.885 838 41.90 80 1.9
15 0.840 0.902 1,373 68.65 100 1.5
10 0.850 0.909 1,709 85.45 150 1.8
15 0.860 0.915 2,346 117.30 200 17
20 0870 0922 2,608 130.40 250 19
25 0.880 0.929 3,353 167.65 300 18
30 0.890 0.930 3,245 162.25 400 25
40 0.900 0.934 3,621 181.05 500 28
50 0.905 0937 4,223 .05 700 33
60 0.910 0939 4,557 22185 800 35
75 0.915 0.942 5,258 26290 900 34
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100 0.920 0.946 6,686 334.80 1,500 45
125 0.925 0.947 1,026 351.30 2,500 1
150 0.930 0.949 1,221 361.35 3,000 8.3
200 0.935 0.955 10,025 501.25 4,000 8.0
25 0.950 0.956 3,327 166.35 4,500 21.]
250 0.960 0.962 1,212 60.60 5,000 825
300 0.960 0.965 3,624 181.20 6,000 331
350 0.960 0.970 8,412 420.60 6,000 143
400 0.960 0.970 9,613 480.65 7,000 14.6
500 0.960 0.970 12,017 600.85 8,000 133

Averoge of TEFC (totally enclosed fun cooled) and ODP (open drip proof) fypes.

Assumes 75% fuldood operation ond 4,000 h/yr operation.

Assumes $0.05,/kWh.

Additionol cost of EEM over stondard motor.



LIGHTING—UPDATE TO LIGHTING BRIEFS IN DSM Pocket
Guidebook, Volume 2: Commercial Technologies

Lighting measures ore addressed in the DSM Pocket Guidebook, VoF
ume 2: Commercial Technologies, beginning an poge 49. Those briefs,
numbered 11 through 15, opply to industrial buildings os well as
commercial buildings. This section provides on update fo the information
presented in the commercial technologies guidebook.

In the industrial sector, 10% of electric energyis used for lighting. (The
industrial sector indudes manufacturing, mining, ond agricufture.) In the
manufachuring indushries, lighting occounts for 8.8% of total energy use.
Lighting is one of the few end uses comman to oll industrial customers
forwhich no procticol nonelectric oltemofives exist.

Lighting quality requirements vory with different indushial opplicofions.
In opplications requiring good color rendering, high color rendering
fluorescent lomps [Color Rendering Index (CRI) = 85] should be used.
More energy sovings con be realized by using metal halide lomps. The
(RI of metul halide lomps is significantly lower (CRI = 65). Higher
energy sovings con be realized by using high-pressure sodium (HPS)
lomps. tis cautioned thot the use of HPS lamps con be limited to oreas
where color rendering is of litfle importance. The CRI of HPS lomps is
25. In some opplications, the highest quality ond mostenergy-efficient
lighting scheme moy be to create moderate background lighting levels
ond opfimize work station ilumination with the use of fosk fighting. As
discussed in the commercial technologies volume, occupancy sensors
ond centralized lighting contiollers used with fluorescent lighting con
yield major energy ond power sovings.

I FLUORESCENT LIGHTING

Brief #11 in the commercial technologies volume covers fluorescent
lighting ond includes costs for various energy savings options for fixtures
with four 4-tlomps. Since many of the industriol facilities oreilluminoted
with fixtwres containing two 84t lomps, Toble 46 provides cost ond
benefit information for energyefficiency options for 8-t lomps.

Il HIGH-INTENSITY-DISCHARGE (HID) LAMPS
Highintensitydischarge (HID) lamps ore addressed in brief #13 in the
commercial technologies volume. Whenevaluating industrial HIDlomps,
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ceiling height and the task being performed should be considered. In
somecases, HID lamps on a low ceiling may produce unacceptable glare
at the work surfoce. HID ballosts use a significant portion of the total
fixture power and should always be included when calculating lomp
power.

FOR MORE INFORMATION
Kaufman, JE., J.F. Christensen, eds., IES Lighting Handbook, Ref-
erence Volume, lluminating Engineering Society, March 1990.

Kaufman, J.E., JF. Christensen, eds., IES Lighting Handbook, Appli-
cation Volume, llluminating Engineering Society, February 1989.

Murdoch, J.8., llumination Engineering from Edison’s Lamp o the
Laser, MacMillan Publishing Company, New York, 1985.

U.S. Department of Energy, 1992 Advanced Lighting Technologies
Application Guidelines; U.S. DOE, October 1992.
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Table I-46. Lighting: Costs and Benefits
(on a per fixture basis)

Retrofit Cost Simple Relative
Cost ($) Power Payback Light Life
Option' (installed)2  (W/fixture)® (S/ﬁxture/ yr)4 (yr) Output (%)° (h)
One stondard ballest/two stondard lomps 3 176 100 20,000
(lomps)
Replace two lamps
with high efficiency lomps
(standord ballost) n 138 714 0.6 95 20,000
Replace standord ballast
with on electronic ballost
(standord lomps) 55 123 9.94 55 100 45,000
(ballost)
Replace standord lomps
and ballost with electronic ballast
and high efficiency (T8) lomps 77 n2 11.98 6.42 110 20,000

45,000



grl

Remave ane stondord
lomp, reposition sockets,
odd o reflector 58 88 16.54 35 65-75 132,000
(reflector)

The bose cose is o n 8t fixdure with two stondord (75-W lomps) ond ane bollost. The first option involves replacing the standord lomps with 60-W lomgs. The third option
involves replacing the lomps with more efficient B-ft T-B lomps ot 50 W,/lomp. The T8 in 8+t length lomps ore just entering the morketploce (Aug. 1992) ond ore only ovail-
oble from some lighting suppliers. Remaving one lamp ond odding o reflector in o two-omp fixture involves repositioning the socket to center the remaining lomp in the fixture.
Itwil olso involve rewiring the twodomp ballost in tondem with on adjoining fixture, so thot every other fixiure has o twa-lomp balost.

The power per fixture s based on measured doto provided by Financiol Energy Monogement, Inc. in Denver, CO.

The cost s instolled cost. An 84t. stondord lamp is $5.00; o highefficiency lompis $5.50; o T-8 lamp s $11.00; o stondord ballost is $27.00; on electronic bollost is $55.00.
Costsavings per fixture were cokulated assuming that lomps ore used 3744 h/yr (12 h/d x 6 d/w x 52 w/y) oton average cost of 0.05/kWh. The bose cose cost is 176
w/fixture x 3744 h/y1/1000 x $0.05 = $32.94. Savings in cooling lood costs ore not included.

Thisis relotive fixture light output.

Poyback in this cose anlyis bosed on the incremental cost of $1.00 ($11.00- $10.00) for the highvefficiency lamps (assuming thot the retrafit wil be performed when the
lomps need replacing). In oll other coses, the poyback is bosed on full replacement casts,



INDUSTRIAL

SECTION 2—DSM OPPORTUNITIES IN
EACH TWO-DIGIT STANDARD
INDUSTRIAL CLASSIFICATION

Industries have been categorized in o series of Standard Industrial
Clossification (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 specificindustries.
Opportunities exist for DSM strategies in all 20 groups. Many industries
have begun to implement energy-use sirategy programs because of
rising energy costs and because of incentives provided by ufilities.

Alternative industrial processes known as elecirotechnologies provide
opportunities for improved efficiency, controlabilty, and flexibility;
reduction in equipment space requirements; significantly reduced pro-
cess equipment pollutants; and increased productivity. Elec-
trotechnologies olso provide cost-effective options for creating energy
usage patterns thot benefit both the utility and the industry.

This section of the guidebook provides o summary of industriol DSM
technology alternatives (Toble 1-47) followed by a matrix indicating
electrotechnologies applicable to each industrial SIC group (Toble |-48).
Alsoincludedis 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 Produds

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 Produds

SIC 32 Stone, Clay, and Glass Products

SIC 33 Primary Metals

SIC 34 Fabricated Metal Products

SIC 35 Non-electrical Machinery and Computer Equipment
SIC 36 Electric and Eledironic Equipment

SIC 37 Transportation Equipment

SIC 38 Instruments and Related Products

SIC 39 Miscellaneous Manufacturing
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Table I-47. Summary of Industrial DSM Technology Alternatives

DSM Industrial
Tednology Altemative

Definition and Application

Technology Features

Process Related
Cogeneration

Electrolytic Separation ond Elecirochemical
Synthesis

Cogenerofion is the joint production of thermol and me-
chanicaleneigy that con be used o generate electrcity.
(ogenerotion t widely applied in industries with sigif
cont ot water or steam requirements (e.g,, chemical,
petroleum refining, pulp ond paper, ond steel) or in indus-
fries with waste streams that con be recovered for fuel
(e.g., pulp and paper).

Blectrochemical synthess involves the use of electrodes im-
mersed in on electrolyte contoining process feactonts in
jonic fonm. Electrolytic separation is similar, but it results

in the dissobsfion of o single compound into two compo-
nents. These processes, which operate at lower tempera-
tures and pressures than conventionol chemical reactors,
give high efficiencies, high moterial yield, and ore
environmentolly clean.

Instolled casts generally ronge from 5400 to $900 per
kW. Cogenerofion systems con aperote at higher (65%
t0 90%) overollsystem efficiencies thon conventionol sys-
tems providing electricity or thermol energy separately.

Electrochemical production of chlorine and cousfic soda is
0 maijor electricity consumer. Adripanitiile, on organic
compound used for nylon production, & olso synthesized
electrochemically.
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Process Heat Recovery

Industrial Process Heat Pumps

Microwave Heating

Avoriety of waste recovery devices ore available thot use
or-fooir and oir-fo-iquid heat exchange; each type oper-
otes differently, but al transfer heat from on exhoust
siream to a cooler supply.stream. Waste recovery systems
ore primarly associated with process industries.

Heat pumps absorb heat and, using compression, elevotes
the temperature of this heat for subsequent use. Closed-
cyde heat pumps ore utilized in industries using lorge
quaniiies of hot water and /or low-pressure steam (e.g.,
food processing, electraplating, and aqueous electralytic
separation processes), while open cycles ore finding oppli
cation in industries where lorge quontities of water vapor
ore producedin evoporation and drying (e.g., food,
chemicals, paper, etc.).

Flectromognetic waves with a frequency range of 300 to
3,000 megaheriz ore transmitted to the workpiece by a
wove guide thot terminates in on applicator. Applicotions

* ore found in the food and chemical industries where mote-
rials ore heat sensitive and processing fime considerotions
ore involved.

Venilotion, process, and combustion-equipment exhausts
ore the major sources of recoverable energy. Rofory heat
exchangers con recover 70% to 80% of the wasle heat.
Use of recuperators limits waste recovery rates to 50%,
but ore generally trouble free.

Heat pump evaporators ore now rautinely selected
over conventionol mulfi-effect evaporators for several
imporfont opplicotions.

Typical cost of equipment ranges from $2,000 to
94,000 per kW. Microwave heoling con be easly infe-
grated info existing production lines ond is compofible
with various outomotion concepts,
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TableI-47. Summary of Industrial DSM Technology Alternatives (continued)

DSM Industrial
Technology Altemative

Definition and Application

Technology Features

Metols Production Related
Direct-Arc Melfing

Direct Resistonce Mefling

Fleciroslog Processing

In this, the most commanly used method of eleciric melt-
ing in the steel indushry today, scrap steel or directe-
duced iron is melted by o direct orc in which the current
posses from ane electiode through on orc to the metal
chorge, thiough the charge, and then from the charge
through on orc to another elecrode.

Bectric current is passed either directly through the mote-
riol to be melted or through o resistance heating element

that tronsfers heat to the moteriol by radiation and convec-

tion. Direct resistonce melling is commonly used in the
gloss industry, but metols and other materials of low elec-
tric resistance connot be melted economicolly with this
pracess. Present metal opplicafions primory involve steel,
which is o relofively poor conductor.

This process is used to chemically purify molten mefol for
the production of high-purily, structuraly homagenous

(Costis approximately $100 per annual ton capacity as
compared to $450 per annual ton capacity for alleme:
tives such os blast fumaces /basic axygen furnaces.
Plants con be built in the 200,000 o 400,000 ton per
year capacity range os compared to the 2 million ton per
year and farger capacity range for blost furnaces.

Blectric resistonce funaces range in capacity from 4 to
120 tons per day in volume production. Bectricity con-
sumpfion ranges from 750 to 1,500 kW per ton.

Manufocturing costs associated with electroslag cosfing
rongefrom $300:500/1on. Instolled electroslag process-
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Induction Melfing

Plosma Processing

Materiaks Fobricotion
Elecrical Discharge Machining (EDM) and
Blectrochemical Machining (ECM)

metal shapes. Electroslag remelfing ingot production is
widely used for the refinement of nickel and cobal-bosed
alloys for aerospace opplicotions.

Ametalis placed inside o copper coil through which on AC
current is passed, consequently inducing eddy cuments in
the metul. The resulfing heat buildup melts the metal. The
two principal types of inductionfumaces ore careless,
which is used for remelling, and channel, which is used
for molding.

Plasmas, which ore produced by exposing a gas to o high
intensity electric orc, con achieve temperatures in excess
of 10,000°F. Plasma processing is currently used fordi-
rect reduction of iron ore to produce sponge iron and for
smelting reduction of iron ore and scrop.

Toerode a metal suface to any desiredshape, EDM uses
0 highwoltoge, pulsing direct current while ECM uses o
lowvoltoge, nonpulsing source. EDM isused to produce
complex shapes, dies, and carbide tools; EMC is used to
produce high-temperature alloy forgings, turbine wheeks,
and jet engine blades.

ing capacity is estimoted at 150 MW.

Growth of electricity demand attributable fo induction
meliing is estimoted to be 400 to 600 MW per year in
the 1980s.

Energy consumption 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 depend on materiol hardness.



Table I-47. Summary of Industrial DSM Technology Alternatives (continued)

DSM Industrial
Technology Altemnative

Definition and Application

Technology Features

Electron Beom Heafing

Flexible Manufacturing Systems
(FMS) and Robotics

Materials ore heated when a directed beam of electrons
under vacwm conditions is focused against the work sur-
face. This process is used lorgely in the qutomotive indus-
try for thick-section welding applications where deep heat
penefrationis needed.

FMS ore basically assemblies of one or more machine
ools that include a control unit that monitars the perfor-
mance of the equipment and implements corrective
actions as required. Robofs ore reprogrommable, multi-
functional manipulators designed fo move moteriols,
ports, tools, or specialized devices through varioble
programs to accomplish a variety of tasks.

While initial cost is typically 3 o 10 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 installotions
aready number in the thousands, but market penetration
cannot accelerate futher without overcoming several
application borris.
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Induction Heating

Infrored Drying and Curing

Induction heating generates heat within the material by

placing the mefal piece inside of a coil with oflernating cur-

rent passing through it. Inducting heating s used by fer-
rous and nonfemous metals industries in a broad ronge of
metal working processes including forging, forming, heat
treafing, and pining.

Afilament, typically tungsten, is used fo produce infrared
radiofion which, when absorbed, heats and dries textiles,
paper, paints, and other coatings. The femperofures
produced range from 600° to 4,000°F

Growth of electricity demand attributable to induction
heoting & estimated to be 500 to 1,000 MW per year
inthe 1980s.

Provides uniform drying unlike conventional drying which
sometimes causes blistering of a suiface through effusion

of vapor.
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Table I-48. Recommended DSM Alternatives Per SIC

DSM Tednology SIC
2021|2223 (24|25(26(27(28[29]30(31|32|33|34]35 3 kY]
Cogeneration XXX X X XX X
Hecholytic seporation/ electrachemcical X X X X
synthesis
Process heat recovery XX [X X X X|X X
Industriol process heat pumps X X X X XX
Microwave heating XX XXX X[ X|X|X X1 X|X|X
Directarc melting X
Direct resistonce mehing X1 X[ X|X
Hectroslog processing X | X X
Induction melting X




£si

Plosma processing X

Bectrical discharge and electrachemical X
machining

Electron beom heating

Flexible manufacturing systems X

. -ond robotiss

Induction heating X

Infrared dying and curing X X

Laser processing X X

Resistonce heoting X X

Ultraviolet and electron beom curing X X

Battery storoge

Efficient electric motors and diives X X

Pumping systems




SIC NUMBER: 20

SIC TITLE:
Food and Kindred Products

Il PREVALENCE IN WESTERN TERRITORY
High.Meatandgroin production ore prevalentinthe Midwest ond West,
ond fruit ond vegetable production is heovy in the Southwest. Doiry
production is not os prevalent in the western ferritory.

B DESCRIPTION

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

Il FOR MORE INFORMATION

REFERENCES:

American Consulting Engineers Council, Industrial Market and Energy
Guide, SIC 20, Food and Kindred Products Industry, Washington, DC,
1985.

Resource Dynamics Corporation, Food Industry Scoping Study, Electric
Power Research Institute, CU-6755, Morch 1990.

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

Journal of Food Science, Institute of Food Technologists, Chicago, IL.

154



Food Science and Technology Abstracs—data bose; producer: Inter-
notional Food Information Services, Reading and Bershire, England.

TRADE ASSOCIATIONS:
Institute of Food Technologists
221 N. LoSolle St.

(Chicago, IL 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
Weslern Research Laboratory

6363 Clark Ave.

Dublin, CA 94568-3097

(415) 828-2070

Contoct: Wolter W. Rose, Associate Director, Engineering/Environmen-
tal Division. Scientific and trade association for the food indusiry.
Researches new processing techniques, new food technologies, and
other topics.
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SIC NUMBER: 21
SIC TITLE: Tobacco Products

Il PREVALENCE IN WESTERN TERRITORY
Low. The tobacco products industry is concentrated in the southeastern
portion of the United States.

Il DESCRIPTION

The fobacco industry is one of the lowest energy-intensive industries of
oll the industrial categories andis the least electricity-intensive indusry.
This leads to limited demand-side management (DSM) opportunities.
Drying ond curing processes have the greatest potential of benefitfing
from eledrotechnologies. Other DSM opportunifies which benefit the
tobacco indusiry ore energy-efficient motors and drives, improved
lighting, and off-peok electricity usoge. Eleciricity accounted for ap-
proximately 12% of the energy consumed by the industry in 1988 or
about 864 million kWh

B FOR MORE INFORMATION

REFERENCES:

Electric Power Research Institute, Demand-Side Management, Vol-
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, March
1988.

PERIODICALS/DATA BASES:
Biological Abstracts, BIOSIS Previews—data bose; producer: BIOSIS,
Philadelphia, PA

TRADE ASSOCIATIONS:

Tobacco Merchants Association of the United States, Inc.
P0. Box 8019

231 Clarksville Rd.

Princeton, NJ 08543-8019

(609) 275-4900

Monufacturers of tobacco products and others related to the tobacco
indusiry.
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SIC NUMBER: 22
SIC TITLE: Textile Mill Products

Il PREVALENCE IN WESTERN TERRITORY
Low. Eighty percent of the fotal U.S. textile shipments ore manufactured
in the southeastern region of the United States, primorily in North and
South Corolina and Georgia.

B DESCRIPTION

Electricity is the lorgest energy source far the textile industry—repre-
senting about one-third of the industry's total energy requirement.
Motors and drives account for approximately 80% of the eledtricity
consumed, indicating that there is excellent demand-side management
potential for energy-efficient motors and drives. Troditionol drying,
dyeing, and finishing processes that rely on fossil fuels may profit from
electrification. Cogeneration and industrial process heat pumps ore okso
applicable to the textile industry because of the presence of waste
products and waste heat. Because of the impartance of environmental
conditions to the fextile manufacturing processes, heating, ventilating,
and air conditioning systems have the greatest patential for lood
management. Electricity accounted for approximately 37% of the
energy consumed by the industry in 1988 or about 29,738 million
kWh.

l FOR MORE INFORMATION

REFERENCES:

American Consulting Engineers Coundil, Industrial Market and Energy
Management Guide, SIC22, Textile Mill Products Industry, Washington,
DC, 1985.

Resource Dynamics Corp. and Battelle-Calumbus Div., Textile Industry:
Profile and DSM Options, Electric Power Research Institute, CU-6789,
July, 1990.

PERIODICALS:
Textile World, Maclean Hunter Publishing Co., Atlanta, GA.
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TRADE ASSOCIATIONS:

American Association of Textile Chemists and Colorists
PO. Box 12215

Research Triangle Park, NC 27709-2215

(919) 549-8141

Contadt; Technical Director. T.echnical and scientific society of textile
chemists and coloristsin textile and related industries. Conducts fexirle
research and disseminates scientific infarmation.

Textile Research Institute (TRI/Princeton)
PO. Box 625

Princeton, NJ 08542

(609) 924-3150

Conductsnonproprietaryscientific researchin support of thetextile and

allied industries. Disseminates research information and maintains a
technical library.
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SIC NUMBER: 23

SIC TITLE: Apparel and Other Textile
Products

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

Il DESCRIPTION

The two lorgest industries in the apparel and other textile products SIC
category-—men’s and boys’ clothing and women's and misses’ doth-
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 meefing the constantly changing
consumer preferences in the morketplace. Most of the technological
development has been in computer-vided manufacturing for cutfing,
sfitching, pressing, automatic assembly, and many other applications.
Other electrotechnologies that indusiries in the sector may find bene-
ficiol include loser cutting and infrared, microwave, and radio fre-
quency heating and drying. Demand-side management programs
{such as shifting the time of day for peak eledirical use) are not
attractive totheindustry because of the industrywide need to maintain
high production rates for economic compefitiveness. Cogeneration is
also not an economically attractive option because of the industry's
small need for thermal energy and the lack of cheap byproducts that
could be used os fuel for cogeneration systems. Electricty accounted
for approximately 42% of the energy consumed by the industry in
1988 or about 6,659 million kWh.

B FOR MORE INFORMATION

REFERENCES:

Electric Power Research Institute, Demand-Side Management, Vol-
ume 5: Indusirial Markets and Programs, EPRI EA/EM-3597, March
1988.
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PERIODICALS:
Bobbin, Bobbin International, Inc.,, Columbia, SC

TRADE/RESEARCH ASSOCIATIONS:
Texdile/Clothing Technology Corporation
706 Hillsborough St.

Raleigh, NC 27603

(919) 829-9071

Contact: Joe Off. Research and development for oll aspects of apparel
manufacturing. Assists apparel manufacturers in the justification for
and implementation of odvanced 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 juslification of advanced manufacturing technology and
conducting research to develop new manufacturing technologies.
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SIC NUMBER: 24
SIC TITLE: Lumber and Wood Products

Il PREVALENCE IN WESTERN TERRITORY
Low. Lumber and wood products industries ore located primarily in the
PacificNorthwest and the Southeast. Other manufacturers are gener-
ally located near the wood sources throughout the United States.

Il DESCRIPTION

The lumber and wood products industry is dominated by the sawmills,
planing mills, fabricated millworks, and plywood manufacturers. These
industries will most likely lead the SIC sector in electrotechnology
development, especially in automated technologies. Automation in-
cludes the use of lasers for cutting; electron beam processing, ultravi-
olet, and infrared for curing coatings, glues, and paints or varnishes;
and infrared, microwave, and radio frequency for heating and drying
raw wood and wood products. Less sophisticated demand-side manage-
ment oppartunities that could especially benefit the small manufactur-
ers are high-speed fans to shorten drying fimes in steam kilns,
variable-speed fans and motors to reduce elecricity requirements for
drying and other processes, and various vacuum drying technologies
toincreasethe efficiency of drying processes. Because of the availability
of wood byproducts, cogeneration and altemative fueks are common
to this indusiry. Blectricity accounted for approximately 14% of the
energy consumed by the industry in 1988 or about 16,431 million
kWh.

Il FOR MORE INFORMATION

REFERENCES:

Electric Power Research Institute, Hectrotechnologies for the Wood
Processing Industry, EPRI report, CMF Report No. 90-4, 1990.

Electric Power Research Instifute Center for Materiaks Fobrication,

Electrotechnology Advancesin Wood Processing, (MF TechCommentary,
Vol. 6, no. 1,1990.
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PERIODICALS:
Forest Products Journal, Forest Products Research Soxiety, 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
1250 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 (some address and telephone).
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SIC NUMBER: 25
SIC TITLE: Furniture and Fixtures

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

B DESCRIPTION

Opportunities for demand-side management do exist in the low-
energy and low-electricity-infensive furniture ond fixture industry.
Processes common fo the sector include lumber drying; cutting of wood,
fabric, ond other materiaks; ossembly processes such as stapling and
bolting of furniture ports; and final finishing such os staining, pointing,
ond drying. Infrared drying ond curing, radio frequency heating and
drying, indirect resistonce heating, ultroviolet beom processing, and
electron beam processing ore oll elecirotechnologies opplicoble to
wood, odhesive, and finishing coatings, drying, ond curing. Loser
technologies ore beginning to be introduced for wood, gloss, metol, and
fobric cutting. Automation of ossembly processes could olso benefit the
industry. Lower cost retrofit measuresfothe indusiry’s processesindude
installing high-speed fans in steam kilns to decrease drying time;
replacing drying fons with variable-speed fons to better match fan
speedswith dryingair velocityrequirements; and using various vocuum
drying techniques o decrease energy consumption and increase prod-
uct quality. Electricity accounted for approximately 30% of the energy
consumed by the industry in 1988 or about 5,651 million kWh.

Bl FOR MORE INFORMATION

REFERENCES:

Electric Power Reseorch Institute Center for Materiols Fabricafion,
Electrotechnology Advances in Wood Processing, (MF Tech Commen-
tary, Vol. 6, No. 1, 1990.

PERIODICALS:
Wood and Wood Products, Vonce Publishing Corp., Lincolnshire, IL.
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TRADE ASSOCIATIONS:

Wood Machinery Manufacturers of America (WMMA)
1900 Arch St.

Philadelphia, PA 19103

(215) 564-3484

Contack: WMMA. Manufacturers of heavy woodworking machineryand

cutting tooks for industrial use. Seeks to develop better high-speed,
high-predision production equipment and assist the user inis selection.
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SIC NUMBER: 26
SIC TITLE: Paper and Allied Products

Il PREVALENCE IN WESTERN TERRITORY
Medium. Approximately holf of the U.S. pulp and paper products ore
produced in the southeastem region of the United States, with the
remaining half divided evenly amongthe Northeast, North Central and
West.

Il DESCRIPTION

When compared to other industrial dlassifications, the pulp and paper
industry consumes the third largest amount of electricty. 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
processingore 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 50% more
electrical energy is needed for the mechanical process than for the
chemical process. Mechanieol 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. Self-generation safisfies
roughly haf of the indusiry’s elecirical needs. The industry will most
likely increase the usage of cogeneration and other self-generoted
fueks. Eledrricity accounted for approximately 8% of the energy con-
sumed by the industry in 1988 or about 55,517 million kWh.

Bl FOR MORE INFORMATION

REFERENCES:

Elachi, A., HE. Lowitt, The Pulp and Paper Industry: An Energy
Perspective, DOE/RL/01830-T57, Energetics, Inc., Columbia, MD, April
1988.

Herzog, J.J., J.W. Tester, “Energy Management and Conservation in the
Pulp and Paper Industry,"” Energy and the Environment in the 21st
Century, proceedings of the conference held at the Massachusetts
Instute of Technology, Combridge, MA, March 26-28, 1990, pp. 437-447.
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PERIODICALS:
TAPP! Journal, Technical Associotion of the Pulp and Paper Industry,
Atlanta, GA.

TRADE ASSOCIATIONS:
American Paper Institute
260 Madison Ave.

New York, NY 10016
(212) 340-0600

Contact: Energy and Technology Deportment. U.S. manufacturers of
pulp, paper, and paperboord. Gathers, compiles, and disseminates
information and conducts research onscientificandtechnical problems.

Technical Association of the Pulp and Paper Industry (TAPPI)
Technology Pork/Atlonta

P0. Box 105113

Atlonta, GA 30348

(404) 446-1400

Contact: Information Resources Center. Engineers, research scientists,
and others in the pulp, packaging, converfing, paper, nonwovens and
allied industries. Research and development in pulp manufacturing,
poper and boardmanufacturing, process and product quality, and other
areas.
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SIC NUMBER: 27
SIC TITLE: Printing and Publishing

Il PREVALENCE IN WESTERN TERRITORY
High. Printing and publishing industries are found throughout the
United States. Most industries are small, employing fewer than 100
peaple.

l DESCRIPTION

Thepprintingand publishing industryis a low energy-intensive industry
ranking 13th in electricity usage in 1988. Motors and drives for press
work and binding is the most eleciricity-infensive segment of the
industry. Process developments that have resulted in increased elecri-
cal demand in the post decade have occurred with the increased use of
automation, losers, and microprocessors—mostly for press operations
and finishing (cutting, binding, etc.) processes. Developmentof robotics
(primarily for binding processes and materials handling) is expected
to continue rapidly in the near future. More efficient process drying
electrotechnologies such s 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. Electricity accounted for approxi-
mately 50% of the energy consumed by the indusiry in 1988 or about
17,052 million kWh.

B FOR MORE INFORMATION

REFERENCES:

Eledric Power Research Inslitute, Demand-Side Management Vol-
vme 5: Industrial Markets and Programs, EPRI EA/EM-3597, March
1988.

PERIODICALS:
GATFAWORLD, Graphic Arts Technical Foundation, Pittsburgh, PA
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TRADE ASSOCIATIONS:
Graphic Arts Technical Foundation
4615 Forbes Ave.

Pitisburgh, PA 15213

(412) 621-6941

Contad: Jim White—Membership Manager. Scientific, technical, and
educational organization whose membership represents everyfacet of
the printing and publishing industry. Conducts research in all graphic
processes and their commercial applications.
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SIC NUMBER: 28

SIC TITLE: Chemicals and
Allied Products

Il PREVALENCE IN WESTERN TERRITORY
High. Most chemical manufacturers ore located near o raw material
source ond/or in oreos of relatively inexpensive energy.

Bl DESCRIPTION

The energy-intensive chemicoks ond allied products industry ranks
second in bothtotal energy ond electricity consumed when compared
to the other SIC categories. The three lorgest eledricity-cansuming
indusries ore the industrial inorganic chemicoks, the industrial organic
chemicols, ond the plostics materioks ond synthetics industries. Because
the electrical usage is very diverse for the secor, demand-side man-
agement (DSM) strategies must be evaluated on o site- ond industry-
specific basis. DSM opportunities that may be applicable to some
chemical industries include scheduling energy-intensive pracesses for
off-peak periods or better utilizing unused off-peak production capac-
ity. Electricity consumption may increase for some chemical industries
with the infroduction of plasma processes for the production of high-
purity silicon, fitanium dioxide, ond sificon corbide, ond with the
introduction of eleciric arc processing for converfing cool to acetylene.
The larger consumers of elediricily ore reducing their consumption of
purchased electricity by relyingmore 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 membrane 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 121,854 million
kwh.
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B FOR MORE INFORMATION

REFERENCES:

Eledric Power Reseorch Institute, Demand-Side Management Vol-
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, March
1988.

PERIODICALS:
Chemical Engineering, McGraw Hill Inc., New York, NY.
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SIC NUMBER: 29

SIC TITLE: Petroleum and
Coal Products

Il PREVALENCE IN WESTERN TERRITORY
Medium. The stateswiththe lorgest petroleum refining copocitiesin the
westem territory ore Texos and Califoria. Other petroleum and cool
product industries ore located throughout the territory.

B DESCRIPTION

The petroleum and coal products industry ronks first in fotal energy
consumption but tenth in electricity consumption. This sector is domi-
noted by the energy-intensive petroleum-refining indusiry. The petro-
leum-refining industry, which primarily produces gasoline, kerosene,
fuel oiks, lubriconts, and other products from crude petroleum, requires
more than 95% of both the total energy and electricity consumed by
the sector. The high-temperature process heat requirements of the
refining process characterizes thisindustry. Demand-side management
opportunities for the industry indude 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 with electrically driven motors. Flectricity
accounted for approximately 3.4% of the energy consumed by the
industry in 1988 or about 6,225 million kWh.

[l FOR MORE INFORMATION

REFERENCES:

Robertson, J.L, “Energy Efficiency in Petroleum Refining-Accomplshments,
Applications, and Environmental Interfoces,” Ener gy and the Environ-
ment in the 21st Century, proceedings of the conference held ot the
Massachusetts Institute of Technology, Cambridge, MA, March 26-28,
1990.
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PERIODICALS:
Resulis (Houston), Exxon Co., Houston, TX.

Petroleum Engineer International, Edgell Communications, Cevelond,
OH.

TRADE ASSOCIATIONS:
American Petroleum Instifute
1220 L St. NW

Washington, DC, 20005
(202) 682-8000

Contact: Library. Represents corporations in the petroleum and allied
produds industries that 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 indusiry.
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SIC NUMBER: 30

SIC TITLE: Rubber and Miscellaneous
Plastic Products

Il PREVALENCE IN WESTERN TERRITORY
Medium. Rubber ond plastic productsmonufacturers ore evenly distrib-
uted in most of the states located in the western territory.

B 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, vamishing, 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 eleciric heated vulcanizing chambers. The plastics industry is
chorocterized by three methods of processing thermaplastic or thermo-
settingresins: 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.
Finolly, reusing waste rubber ond waste plastic os o secondary fuelis o
viable DSM strategy for both industries. Elecricity accounted for op-
proximately 42% of the energy consumed by the industry in 1988 or
about 31,299 million kWh.

l FOR MORE INFORMATION

REFERENCES:

American Consulting 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, (T.

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

TRADE ASSOCIATIONS:
Rubber Manufacturers Association
1400 K St. N\W

Washington, DC 20005

(202) 682-4800

Manufacturers of fires, tubes, mechanicol and industrial produds,
roofing, sporting goods, and other rubber products. Publishes hand-
books, standards, and specifications.

Society of the Plastics Industry
1275K St. NW, Ste. 400
Washington, DC 20005

(202) 371-5200

Contact: Information Department. Manufacturers and processors of
molded, extruded, fabricated, lominated, calendered, and reinforced
plastics, as well as manufacturers of raw materiaks, machinery, tools,
dies, and molds.
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SIC NUMBER: 31

SIC TITLE: Leather and
Leather Products

Il PREVALENCE IN WESTERN TERRITORY
Medium. Monufadturingestablishments withinthe westernterritory ore
concentrated in the southwestern states. Leather and leather produdts
industries ore ako concentrated in the northeastern and north centrol
regions of the United States.

l DESCRIPTION

The leather and leather products industry is one of the least electridity-
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 stitdhing is receiving the most atten-
tion. Specific electrotechnologies being developed are loser cutting,
infrared drying, ond microwave ond rodio 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 often prohibitive to smaller
manufacturers. Electricity accounted for approximately 30% of the
energy consumed by the industryin 1988 or about 1,391 million kWh.

Bl FOR MORE INFORMATION
REFERENCES:
Hides andSkins, published by the U.S. Hide, Skin and Leather Assocafion.

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

Warld Fooiwear, Shoe Trades Publishing Co., Combridge, MA.
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TRADE ASSOCIATIONS:

USS. Hide, Skin and Leather Association
1700 N. Moore St., Ste. 1600
Arlington, VA 22209

(703) 841-5485

Membershipincludes producers, processors, and otherswho handle raw

hides and skins.

Leather Industries of America

1000 Thomas Jefferson St. NW, 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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SIC NUMBER: 32

SIC TITLE: Stone, Clay, and Glass
Products

Il PREVALENCE IN WESTERN TERRITORY
Medium. Stone, clay, and gloss industries in the Westem ferritory ore
concentrated in Colifornio and Texas, with other plonts distributed
throughout the territory. The industry is more heovily concentrated in
the eastern third of the United Stotes.

l DESCRIPTION

The stone, clay, 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 elediricity used
by the cement industry is for grinding the raw materiok. Grinding
efficiencies ore usually very low, leading fo demand-side monagement
(DSM) opportunities for energy-efficient motors and drives. A majority
of the electrical usage by the gloss industry is for heating and meking
of raw materials, onnealing the formed gloss, and operating mechan-
ical equipment drives. Kilns used by the cement industry and furnaces
in the glass industry (most often fired by fossil fueks) lose tremendous
amounts of heat through the walls of the kiln or furnace and in exhaust
gases. Process heat recovery and the addition of supplemental electric
resistance heating (gloss industry) ore possible DSM opportunities fo
counteract these losses. Electricity accounted for approximately 12% of
the energy consumed by the industry in 1988 or about 33,793 million
kWh.

Il FOR MORE INFORMATION

REFERENCES:

American Consulting Engineers Council, Industrial Market and Energy
Management Guide, SIC 32, Stone, Clay, Gloss Products Indusiry,
Washington, DC, 1987.

Mellon Institute, Gloss Industry Scoping Study, Science Applications

International Corp., Electric Power Research Institute, July 1988,
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) 3421100

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

Nofional Gloss Association
8200 Greensboro Dr., Ste. 302
McLean, VA22102

(703) 442-4890

Monufacturers and fabricators of flat, orchitecturol, automotive, and
speciolty gloss. Provides educational and technical services.
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SIC NUMBER: 33
SIC TITLE: Primary Metals

Hl PREVALENCE IN WESTERN TERRITORY
Medium. Most primary metals production locations are east of the

areas of low electric power rates.

Il DESCRIPTION

The primary metals industry is the largest industrial user of electricity,
consuming 21% of the total electricity consumed by industry in 1988.
A primary metals monufacturer is often the single lorgest customer for
o utifity. SIC 33 is dominated by the primary iron and primary
aluminum producers. Eledric arc furnaces are replacing the traditional
methods of steel production, especially as conventional steel-making
facilities wear out. Minimills, which use only scrap steel as the base
material, use electricfurnaces exclusively for melfing scrap, confinuous
casting, and rolling and finishing processes. Process heatrecovery from
the exhaust gases of the blast fumacesin convenional steel-monufucturing
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. Electricily
accounted for approximately 18% of the energy consumed by the
industry in 1988 or about 149,202 million kWh.

H FOR MORE INFORMATION

REFERENCES:

Arthur D. Little, Inc., Aluminum Industry Scoping Study, Electric Power
Research Institute, Center for Metals Production, CMP 86-2, August
1986.

Mellon Institute, Technoeconomic Assessment of Hectric Steelmaking

Through 2000, Electric Power Research Institute, Center for Metals
Production, EM-5445, October 1987.
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PERIODICALS /DATA BASES:
World Aluminum Industry Abstracts—data bose; producer: ASM Inter-
notional, Metols Pork, OH.

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

TRADE ASSOCIATIONS:
Aluminum Association

900 19t St. NW, Ste. 300
Washington, DC 20006
(202) 862-5100

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

American Iron and Steel Institute
1133 15th St. N\W

Washington, DC 20005

(202) 452-7100

Contact: Deportment of Manufacturing and Technology. Basic manufac-
turers and individuols in the steel indusiry. Conducts extensiveresearch
programs on manufacturing technology, energy, fuel consumption, and
other areas.

180



SIC NUMBER: 34
SIC TITLE: Fabricated Metal Products

Hl PREVALENCE IN WESTERN TERRITORY
Medium. Manufacturers of fabricated metal products are located in
every state of the western territory; however, the industry is more
heavily concentrated in the eastern third of the United States.

l DESCRIPTION

Approximately one-quarter of the total energyused by the fabricated
metol products industry is purchased electricity. This industry has more
potential for electratechnology applications than mest industrial sec-
tors. Because of the process heat requirements of this industry, appli-
cations such as pracess heat recavery for space heating; preheating
boiler make-up water; preheating oven, furnace, ond incinerator oir;
and other applications could be beneficial to almost every fabricated
metal products monufacturer. Induction and infrared heofing ond
curing offer efficient alternatives to the traditional fossil-fuel-fired
systems used by most manufacturers. Industrial process heat pumps
utilized ta recover vaporized solvents that would atherwise have been
incinerated is another demand-side management aptian applicable to
the industry. Bectricity accounted for approximately 30% of the energy
consumed by the industry in 1988 ar about 30,952 million kWh.

Il FOR MORE INFORMATION

REFERENCES:

American Consulting Engineers’ Council, Industrial Market and Energy
Management Guide, SIC 34, Fabricated Metal Products Indusiry, Wash-
ington, DC, 1987.

PERIODICALS:
The Fabricator, Fabrisators and Manufacturers Association, Rackford,
IL

Stamping Quarterly, Fabrisotars and Manufacturers Association, Rack-
ford, IL
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The Tube and Pipe Quarterly, Fabricators and Manufacturers Associo-
tion, Rockford, IL.

TRADE ASSOCIATIONS:

Fabricators and Manufacturers Association, Intemational (FMA)
833 Featherstone Rd.

Rockford, IL 61107

(815) 399-8700

Contact: Technical Enformation Center. A technical educational associo-
tion whose members indude those interested in the metal forming and
fobricatingindusiry. Periodicaks published by FMAare free tointerested
individuals.

National Machine Tool Builder's Assodation—
Association for Manufacturing Technology
7901 Westpork Dr.

McLean, VA 22102

(703) 893-2900

toll-free number (800) 544-3597

Contact: Information Resource Center. Makers of powerdriven ma-
chines used in the process of transforming man-made materials into
durable goods. Promotes research and development in the indusiry.
Maintains a computerized data base on machine tool technology.
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SIC NUMBER: 35

SIC TITLE: Non-Electrical Machinery
and Computer Equipment

Il PREVALENCE IN WESTERN TERRITORY
Medium. Manufacturers of nonelectricmachinery products ore located
in every stote of the westem territory; however, the industry is more
heovily concentrated in the eastern third of the United States.

B DESCRIPTION

The nonelectrisal machinery and computer equipment industry manu-
factures industrial, construction and form mochinery and equipment,
machine fooks, computers and office equipment, and heafing, ventilat-
ing, and oir-condifioning equipment. Because of the diversity of man-
ufacturing processes in this sector, demand-side management
improvements must be evoluated on o per process basis. However,
there ore numerous electrotechnology opportunities that ore applica-
ble. Most of the monufacturers in this sector hove some sort of pointing
operation in their process which may benefit from microwave or
infrared heating. Welding processes (oko common o SIC 35) may
benefit from plasma orc welding, loser welding, or electron beam
welding electrotechnologies. Process heat recovery opportunities for
boiler make-up water preheat, industrial heat pumps, or cogeneration
systemsexist for most processes of this sector. Electricity accounted for
opproximately 41% of the energy consumed by the industry in 1988
or about 33,480 million kWh.

Il FOR MORE INFORMATION

REFERENCES:

American Consulting Engineers’ Counl, Industrial Market and Energy
Management Guide, SIC 35, Nan-Electrical Machinery Producs Indus-
fry, Washington, DC, 1987.

PERIODICALS:
The Fabricator, Fabricators and Monufocurers Assodation, Roddord, 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, Intemnational (FMA)
833 Featherstone Rd.

Rockford, IL 61107

(815) 399-8700

Contact: Technical Information Center. A fechnical educational associo-
tion whose members include those interested in the metal fanning and
fabricating industry. Periodicals published by FMA are free to inferested
individuals.

National Machine Tool Builder's Association—
Association 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.

Wood Machinery Manufacturers of America (WMMA)
1900 Arch St.

Philadelphia, PA 19103

(215) 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 assist the user in its selection.
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SIC NUMBER: 36

SIC TITLE: Electric and Electronic
Equipment

Il PREVALENCE IN WESTERN TERRITORY
High. Hectric and electronic equipment manufacturers are located
throughout the United States.

B 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, ventiloting, 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 anficipated to be more widely used by SIC 36 in the
1990s. Electricity accounted for approximately 48% of the energy
consumed by the industryin 1988 or about 31,852 million kWh.

Il FOR MORE INFORMATION

REFERENCES:

Electric Power Research Institute, Demand-Side Management Vol-
ume 5; Industrial Markets and Programs, EPRI EA/EM-3597, March
1988.

PERIODICALS:
Electronic Engineering Times, (MP Publishing Co., Manhasset, NY.

Blectronic Packaging and Production, Cohners Publishing Co., DesPlaines, IL.

TRADE ASSOCIATIONS:

National Electrical Manufacturers Associafion
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, fransmission, distribution, control, and utilization
of electricpower. Objectivesinclude maintaining and improving quality
and reliability of products, energy conservation, and efficiency.
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SIC NUMBER: 37

SIC TITLE: Transportation Equipment

I PREVALENCE IN WESTERN TERRITORY
Medium. Approximately 9,500 transportation and equipment manu-
factures are distributed throughout the United States.

. Il DESCRIPTION

The transportation equipment industrial sector is ranked eighth and
fifth, respectively, for energy and electricity consumption. The sector,
which manufactures products from bicycles and automebiles to guided
missiles and space vehicles, is dominated by the motor vehicles equip-
ment industry. This industry consumes more than half of the fotal
elecricity consumed by SIC 37. The conversion from fossil fuels to
electricity for heat-infensive manufacturing processes provides an
opportunity for increased eledirical use for all industries in the sector.
More efficient eledrical processes may include infrared heating and
curing of point coatings, induction and resistance heating for preheat-
ing and heat treatment of metal poris as well as heating metal for
forming andforging, and electron-beam heating operations for surface
hardening of high-wear metal parts. Eledron beam welding and
increased flexible manufacturing applications may also be beneficial
to the sector. Electricity accounted for approximately 36% of the energy
consumed by the industry in 1988 or about 37,283 million kWh.

I FOR MORE INFORMATION

REFERENCES:

Hlectric Power Research Inslitute, Demand-Side Management Vol-
ume 5: Industrial Markets and Programs, EPRI EA/EM-3597, March
1988.

PERIODICALS:
Intermodal Reporter, K-MIl Press, Inc., New York, NY.
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TRADE ASSOCIATIONS:

Motor Vehicle Manufacturers Association of the United States
7430 2nd Ave., Ste. 300

Detroit, MI 48202

(313) 872-4311

Manufacturers of passenger and commercial cars, trucks, and buses.
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SIC NUMBER: 38

SIC TITLE: Instruments and Related
Products

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

Il DESCRIPTION

The instruments ond related produds industry is o low energy- ond
electricity-intensive industry relative fo the other industrial SIC catego-
ries. The measuring ond control devices, medical instruments ond
supplies, ond photographic equipment industries combined consume
opproximotely three-quarters of the fotol electricity consumed by the
sector. The majority of the sector’s energy consumption is for process
ondsspoce heating ondfor motors ond drives. Energyuse inthese oreas
could be fovorobly offected by demand-side management technologies
such os resistance heating, loser processing, ond energy-efficient 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. Electricity accounted for approximately 43% ofthe energy
consumed by theindustry in 1988 or obout 14,344 million kWh.

Il FOR MORE INFORMATION

REFERENCES:

IECON: International Conference on Industrial Electronics, Confrol and
Instrumentation Proceedings, IEEE Industrial Electronics Society Confer-
ence, Institute of Hectricol ond Electronic Engineers, Inc., NewYork, NY.

PERIODICALS:

MP Letter, Washington Business Information, Arlington, VA.

Medical Device and Diagnostic Industry, Conon Communications, Inc.,
Sonto Monico, CA.
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TRADEASSOCIATIONS:
Instrument Society of America

PO. Box 12277

67 Alexander Dr.

Research Triangle Pork, NC 27709
(919) 549-8411

Educationol organization dedicated to odvoncing knowledge ond proc-

tice related fo the theory, design, manufacture, ond use of instruments
ond controls in science and industry.

9



SIC NUMBER: 39

SIC TITLE: Miscellaneous
Manufacturing

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

B 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
moterials handling, heat treating, mixing, molding, and space ventilo-
tion equipment account for nearly 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 opplication 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 approximately 10% 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-
vme 5: Industrial Markets and Programs, EPRI EA/EM-3597, March
1988.
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APPENDIX A

DIRECTORY OF ENERGY ANALYSIS AND DIAGNOSTIC CENTERS

NAME TELEPHONE,/FAX NO. ADDRESS
Mr. Chorles J. Gloser (202) 586-1298 Office of Industrial Technologies
Progrom Monager (202) 5869234 U.S. DOE, CE-223

Washington, DC 20585
PROGRAM FIELD MANAGER EASTERN REGION
Rutgers University
Dr. Michae! R. Muller (908) 932-3655 Bureau of Mechonical Engineering
Director (908) 932-5313 College of Engineering

Rutgers University
Dr. David 6. Briggs (908) 9325313 (FAX) Piscotuwoy, N) 088550909

Assistont Director
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ARIZONA STATE UNIVERSITY
Mr. Robert Pelfier
Director

Dr. Byord D. Wood
Assistant Direclor

UNIVERSITY OF DAYTON
Dr. Henry N. Chuang
Director

Dr. Normol L Hecht
Assistont Direclor

(602) 965-2896
(602) 956-8296

(513) 2292997
(513) 229-3433

(513) 229-4343

Center forEnergy Systems Research
College of Engineering ond Applied Science
Arizono Stote University

Tempe, AZ 85287-5806

Deportment of Mechonicol Engineering
University of Doyton
Dayton, OH 45469

University of Doyton
Research Institute

300 College Pork
Doyton, OH 454690172
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UNIVERSITY OF FLORIDA
Dr. Barney L. Capehart
Director

Dr. Dole W. Kinnse
Assistont Director

GEORGIATECH RESEARCH INSTITUTE
Mr. William A Mellert
Direclor

M. Douglos M. Moore
Assistont Director

EADC Office

(904) 392-1464
(904) 392-3537

(904) 392-0862

(404) 894-3844
(404) 853-9172

(404) 894-6115
(404) 894-3636

Dept. of Industrial and Systems Enginegring
303 Weil Hall

University of Floiida

Gainesville, FL 32611-2083

Dept. of Industrial and Systems Engineering
303 Weil Hall

University of Florida

Gainesville, FL 32611-2083

GeorgiaTech Research Insfitute
211 0'Keefe Building
Atlanto, GA 30332
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HOFSTRA UNIVERSITY
Dr. Chorkes H. Farsberg
Director

Dr. Monush Roship
Assistant Director

UNIVERSITY OF MAINE
Mr. Scoft Dunning
Director

(516) 463-5547
(516) 564-4296

(516) 4625063

(207) 586-2349
(207) 581-2340
(207) 581:2113/2369

Hofstra University
Deportment of Engineering
Weed Holl

Hempstead, NY 11550

Deportment of Mechanical Engineering
Aiizona Stote University
Tempe, AZ 85287-6706

Deportment of Engineering ond Technology
Unwersity of Maine

221 Eost Annex

Orono, ME 04469
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UNIVERSITY OF MASSACHUSETTS
Dr. Lowrence L. Ambs
Director

Dr. James F. Manwell
Assistont Director

M. Barty Simon

NORTH CAROLINA STATE UNIVERSITY
Dr. Herbert M. Eckerin
Director

UNIVERSITY OF NOTRE DAME
Dr. John Lucey
Director

Dr. Williom B. Bemy
Assistont Director

(413) 5452539
(413) 545-1027

(413) 545-2756
(413) 5454216

(919) 5155227
(919) 515-7968

(219) 239-6102

Deportment of Mechanical Engineering
University of Massachusetts
Amherst, MA 01003

Deporiment of Mechanical and Aerospace Engineering
Box7910
Raleigh, NC 276957910

Dept. of Aeraspace and Mechonicol Engineering
University of Notie Dome
Notre Dome, IN 46556
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UNIVERSITY OF TENNESSEE
Dr. Richard Jendrucko
Director

Dr. Wiliom Johnson
Assistant Director

WEST VIRGINIA UNIVERSITY
Dr. Rolph W. Plummer
Director

UNIVERSITY OF WISCONSIN
Dr. Umesh Soxena
Director

Dr. Arun Gorg
Assistant Director

EADC Office

(615).974-7682
(615) 9742669

(615) 974-5307

(304) 293-5131
(304) 293-5024

(414) 229-4052
(414) 229-6958
(414) 229-6240

(414) 229-6937

Deportment of Engineering Science and Mechonics
University of Tennessee

310 Pexins Hall

Knoxville, TN 37996-2030

Deportment of Industrial Engineering
P0. Box 6101
Morgonfown, WV 26505-6101

Deporiment of Industiiol and Systems Engineering
University of Wisconsin

PO. Box 784

Mitwaukee, WI 53201
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PROGRAM FIELD MANAGER WESTERN REGION
University City Science Center
Dr. F. Wiliom Kirsch

Mr. Hemry C. Beck

Ms. Lauro M. Deevy

Ms. Marilyn Deloach

Mr. Joseph \. Duffy

Mr. Wilom B. Honse!

M. Chiistopher J. Low

Ms. Gwen P. Looby

Mr. ). (ford Maginn

Ms. Kirsten M. Reeder

UNIVERSITY OF ARKANSAS ATLITTLE ROCK
Prof. Buiton Henderson
Director

(215) 387-2255
Ext. 217
Ext. 215
Ext. 260
Ext.218
Ext. 237
Ext. 249
Ext. 221
Ext. 286
Ext.219
Ext. 262
(215) 382-0056

(501) 569-8203
(501) 569-8020

Industrial Technology and Energy Management
University City Science Center

3624 Market Stregt

Philodelphia, PA 19104

Deportment of Engineering Technology
University of Arkansas of Little Rack
2801 South University Ave.

Litie Rock, AR 72204
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COLORADO STATE UNIVERSITY
Dr. CByron Winn
Director

Mr. John McHugh
Assistant Director

EADC Office

|OWA STATE UNIVERSITY
Or. Howord N. Shopiro
Director

Assistont Director

EADC Office

(303)491-6558
(303) 491-1055

(303) 491-7558

(303) 491-6873

(515) 294-1323
(515) 2941272
(515) 294-96N

(515) 294-3080

Deportment of Mechonicol Engineering
College of Engineering

(Colorado State University

Fort Collins, CO 80523

Deportment of Mechonicol Engineering
lowo Stote University

2030 Black Engineeing Bldg.

Ames, A 50011
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UNIVERSITY OF KANSAS
Dr. Cay R. Belcher
Director

Mr. Vincente Bortone
Acting Asststant Direclor

UNIVERSITY OF MISSOURI-ROLIA
Dr. Bums E. Hegler
Director

Dr. John W. Sheffield
Assistont Director

EADC Office
OKIAHOMA STATE UNIVERSITY

Dr. Wayne C. Tumer
Director

(913) 864-4380
(913) 864-5099

(913) 864-7783

(314) 3414718
(314) 3414532

(314) 341-4690

(314) 3416073

(405) 744-6055
(405) 744-6187

Enegy Analysis and Diagnostic Center
336 & 344 W. Nichalas Hall

2291 Iving Hill Drive-Campus West
University of Kansos

Lowrence, KS 66045-2969

Energy Analysis Diagnastic Center
313 Engineering Research Lob
University of MissauriRolla

Rolla, MO 654010249

School of Industrial Engineering and Management
(College of Engineering

Room 322, Engineering N.

Oklohoma State University

Stillwater, OK 74078-0540
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OREGON STATE UNIVERSITY
Dr. George M. Wheeler
Director

Dr. Dwight J. Bushnell
Assistont Director

EADC Office (Preferred No.)

SAN DIEGO STATE UNIVERSITY ~

Dr. Holil Guven
Director

Assistont Director
EADC Office

(503) 737-2515
(503) 737-3462

(503) 737-2575
(503) 737-2674
(619) 594-6061

(629) 594-6005
(619) 594-4702

Energy Analysis ond Diagnostic Center
Room 344, Botcheller Holl

Oregon State University

Corvalis, OR 97331-2405

(College of Engineering
Son Diego State University
Son Diego, (A 921820416
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SAN FRANCISCO STATE UNIVERSITY
Dr. Ahmad Ganji
Director

TEXAS AGM UNIVERSITY
Dr. Warren M. Heffington
Director

Dr. W. D. Tumer
Assistant Director

(415) 388-7736
(415) 3886136

(409) 8455019
(409) 845-3081

(409) 8451292

Son Froncisca State University
Division of Engineering

1600 Holloway Ave.

Son Francisco, CA 94132

Department of Mechanical Engineering
Texos A&M University
(College Stotion, TX 77843-3123
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APPENDIX B

BOILER EFFICIENCY TIPS

1. Conduct fiue gos onolysis on the boiler every 2 months. Optimol percentages of 0, C05, and excess air in the exhaust gases ore given by:

Table B-1.
Excess

0, 0, Ar
Fuel (%) (%) (%)
Notural gas 22 10.5 10
Liquid petroleum fuel 40 125 20
Coal 45 14.5 25
Wood 50 155 30

The air-fuel ratio should be adjusted to the recommended opfimum values if possible; however, a boiler with o wide operating range may require o control system to constantly
adiust the oir-fuel rafio.
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A high flue-gas temperature often reflects the existence of deposits ondfouling onthefire ond/or water side(s) of the boiler. The resulting loss in boiler efficiency can be dosely
esfimated on the bosis that o 1% efficiency loss occurs with every 40°F increase in stack temperature. The stack-gas femperoture should be recorded immediately after boiler
sewvicing (including tube deaning) ond this value should be used as the optimum reading. Stock-gas temperature readings should be token on o regular bosis ond compared
with the established optimum reading ot the some firing rofe. A major variatian in the stock-gas temperature indicates o drop in efficiency ond the need for either airfuel rofio
odiustment or boiler4ube cleaning. In the absence of ony reference temperoture, it is normally expected that the stack temperature wil be less than 100°F above the saturoted
steam temperoture ot o high firing role in o saturated steam boiler (this doesn't apply to boilers with economizers ond oir preheaters).

After an overhaul of the boiler, run the boier and re-exomine the tubes for cleanliness after 30 days of aperation. The accumulated amount of soot will estoblish the ciiterion os
to the necessary frequency of bailer-ube ceaning.

Check the bumer head ond orifice once 0 week ond clean if necessary.
Check oll controls frequently ond keep them clean ond dry.

For woler-tube boilers buming coal or oil, blow the soot aut ance o doy. The Notional Bureau of Standonds indicates that 8 days of operation con resultinon efficiency
reduction of as much os 8%, coused solely by sooting of the bailer fubes.

The frequency and amount of blowdown depend on the amount ond condition of the feedwoter. Check the aperation of the blowdown system ond make sure thot excessive
blowdown does not occur. Nonmoly, blowdown should be na more than 1% to 3% of steam oulput.
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