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Preface to the First Edition

The assessment of energy consumption practices and conservation opportunities for industrial
clients has always been tied to the cost of energy resources. Beginning with the oil embargo in the
seventies, interest in efficient running of industrial operations has risen with manufacturing cost
to the point where the current study of resource use has broadened into the waste minimization /
pollution prevention and productivity arenas. The old energy audit allowed directly focused insight
into energy applications while the new industrial assessment includes all industrial methodologies
at the local manufacturing plant. The energy auditor now finds skills sharpened for the energy side
of the business inadequate for the entire process although intuitive observations from energy
auditors, which have led to excursions into industrial assessment recommendations in the past,
make the transition from energy auditing to industrial assessing a logical and natural one. Precisely
that which previously made the energy audit worth the initial investment by the manufacturing
concern now makes the full industrial assessment attractive.

But what exactly makes the industrial assessment pay for the client? Analysis of the assessment
client’s satisfaction indicates several reasons. First, fresh “eyes” and insights into operations
commonplace to management commonly bring questionable but normal practice into question.
Assessors bring a high degree of sophistication into the manufacturing plant, recommendations are
based on firm engineering background after questioning the client as to needs and concerns and
precise measurement of existing conditions. Implementation costs are economically analyzed
against savings for complete impact projections then explained to management in plain, common
language. Finally, the industrial assessor takes pride in the work bringing strong desire to see the
plant implement and adopt concepts and ideas presented in the assessment report.

Essentials of Industrial Assessments: A Training Manual, grew from the desires of the United
States Department of Energy’s Office of Industrial Technology and the United States
Environmental Protection Agency’s Risk Reduction Engineering Laboratory to consolidate into a
single tome information about industrial assessments presently located in the public domain. This
information derived principally from industrial energy conservation and waste minimization /
pollution prevention training courses and information agencies sponsored by the Federal
Government and to a lesser extent State sponsored research and training material.

This single sourcing of scattered instructions allowed for collapse of many differing ideas of what
exactly an industrial assessment may cover. Meshing thought processes and works from multiple
backgrounds and disciplines proved to be monumental in its complexities. This first edition
therefore represents the “first pass” at the task. Gathering public domain material, arranging the
work in a coherent fashion, and indexing the final document took the better part of a year. This
investment of time and effort has yielded a compiled product representative of a firm foundation
in industrial assessment.

Essentials of Industrial Assessments: A Training Manual leads the professional though the



assessment proves form client selection and assessment methodology to client reporting. In
between, there ensues an explanation of energy form definitions to production then
transportation, consumption by systems and finally conservation recommendations. Analysis of
waste follows with the study of material waste types, generation, and reduction practices along
with pollution prevention background. Preparation of the industrial assessor would be incomplete
if not sprinkled liberally with the requisite tools and while energy measurement devices do not
transmit well over the internet, what does are numerous examples of time-tested
recommendations and the insight of years of experience.

Essentials of Industrial Assessments: A Training Manual portends to be different from other,
similar works in a few ways: energy and waste assessments combined into the industrial
assessment, indexing of the manual for easy reference, but most of all its changeability and
availability. As the Internet and World Wide Web have flourished in recent years, so has the
ability to transfer documents from computer to computer, State to State, or even Country to
Country almost instantly and at a fraction of the cost of printing and distributing. Essentials of
Industrial Assessments: A Training Manual will be published for public consumption on World
Wide Web at the address http://oipea-www.rutgers.edu. Some copies undoubtedly will be
printed and mailed though traditional means; however, unless the reader has access to the
Internet, the most unique feature of Essentials of Industrial Assessments: A Training Manual will
be foregone.

To what the World Wide Webmaster will identify as instantaneous access to continuous
updating, the “lining document” was born and is alive and well and living in cyberspace. The
living document has no singular form, thus living documents are subject to change. Living
documents do not sit on the shelf fathering dust, the living document is erased as soon as current
usage dictates or the reader )or listener) finishes as electronic documents from the “cyber press”
download easily for temporary storage on local computer systems for performance via an audio
interpreter for the hearing impaired. When the need arises, the industrial assessor or the other
interested party can access the web site and fetch the latest version of the document for a fresh
examination. Living documents cannot perish — they only get better with age.

Of final note, this first edition of Essentials of Industrial Assessments: A Training Manual will
be followed shortly by the second edition. It is gratifying to note that while those responsible for
compiling this work realize the need to get the manual into he eager hands of industrial assessors
they do not feel comfortable about the readability and up-to-the-minute nature of this 300+ page
document. Some chapters are slated for updating while others will be fleshed out with summary
thoughts explored and expanded. Industrial assessment technology will be re-examined for state
of the art forms the subsequent and future editions. Productivity enhancements loom largely as
the next area of concentration for this manual and certainly will merit a full section in the next
volume. Future editions will be brought online immediately upon completion of even
minor revisions. Industrial assessors can query the experts on any topic relating to resource
conservation by sending email to oipea@camp.rutgers.edu as the message will be addressed to
OIPEA staff and forwarded to the list moderator for attention. We encourage participation in this



open forum.

We at OIPEA gratefully acknowledge our sponsors: The Industrial Assessment Center Program
Manager Charles Glaser and Marsha Quinn at DOE’s Office of Industrial Technology, and
Emma Lou George at EPA’s Pollution Research Branch for their support, patience and
understanding as we “tried to do it right”. We also thank all those who have made this work
possible through their contributions to Essentials of Industrial Assessments, particularly Dr.
Richard Jendrucko of the University of Tennessee, Dr. Byron Winn of Colorado State University
and all the Directors, Assistant Directors and students of the current and previous Industrial
Assessment Centers. Finally, Ted Hones, Mark Hopkins, and the others at the Alliance To Save
Energy deserve praise for their untiring efforts to promote industrial assessments and the
education and support of the frontline industrial assessors.



Disclaimer
The content of this manual is offered as guidance. Rutgers University and all technical sources
referred to in this publication do not
(a) make any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this publication, or that the use of
any information, apparatus, method, or process disclosed in this publication may not infringe on
privately owned rights;
(b) assume any liabilities with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method or process disclosed in this publication. The information
presented does not reflect official views or policy of the above-mentioned institutions. Mention
of trade names or commercial products does not constitute endorsement or recommendation of
use.
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INTRODUCTION:ENERGY

1 INTRODUCTION

Modern Industrid Assessments: A Training Manua represents the effort made by the United
States Department of Energy to provide technical training to arange of potentia end usersinterested in
performing industria assessments a smdl to medium-sized manufacturing plants and the effort of course
ingructor’s to provide the best training methods and materias to these industrial assessors.  Industria
assesaments, as discussed in this manud, refer to detailed reviews of exigting operations with an eye to
improving productivity in any of anumber of ways.

In this fashion the focus of this manua becomes “re-engineering”, the currently popular
buzzword interpreted as meaning increased efficiency in the use of resources and just as the indudtriad
assessor seeks to re-engineer a client’s manufacturing processes, this manud increases the efficiency of
the assessment ingtructor by combining materids produced over decades in an attempt to organize,
assemble and index the collection. Although some of the materid and most of the organization
methodologies were produced from scratch or updated from existing sources, much of the manud’s
content was assembled utilizing the work of other professondsin the assessment field and to those who
have come before us, we gratefully acknowledge their contributions to thiswork. In particular, we wish
to acknowledge the work of Professor Jendrucko at the University of Tennessee and his saff along with
Professor Byron Winn of Colorado State University for contributing much to this document. The
Preface to the First Edition introduced this manud as a living document and al engineering libraries
contain many references to money saving indudtriad techniques dready out of date as the “latet” book
goes to press. Certainly many the ideas contained within this manua will stand the test of time, but
when desirable, the structure alows continuous updating.

This section focuses on indudtrid energy use.  As shown in the figure below, industria sector
energy needs accounts for more than 36% of national consumption at a cost of $99.7 hillion in 1991.
According to the Alliance To Save Energy, the energy savings potentia resulting from increased energy
efficiency has been estimated at 11-13% over the next two decades and this manua should be used as
atodl in the battle for energy efficiency. Source: Energy Information Adminigration Annua Energy
Review 1993

H—-ﬁ—#;m o, | —== e T ) R
ﬂ f v INDUSTRY
23,14 /j b .
/ "OWER ‘

FPRIMARY ENENGY
B1.3 QUADS

Figure 1.1: USEnergy Use
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1.1. ENERGY

All nations, particularly those with a strong indudtrial base, transform energy of one form into
another for the benefit of Society. Thus a shared governmental enterprise that spends money wisdy
while improving the efficdency and minimizing the environmental impact of energy transformetion is a
smple god perhaps, but not one without inherent difficulties. Limited resources such as oil reserves or
cod depogts illudtrate an obvious obstacle overcome chiefly through importation mechanisms but
influenced directly by drategic resource dlocation requirements.  Luckily, not dl activities, even
essentids such as illumination, require the same amount of energy and different opportunities for
resource consarvation exist both in the type of energy usage and the industries in which usage occurs.
The following pictures from the U.S. Dept. of Energy’s Energy Information Agency show a typica
profile of energy usage for different activities within buildings and the energy intendty of various
industries.

Comm.Lighting

Appliances/Other

Cooling/Refrig.

Space and Water Heating

Quadslyear

Figure1.2: Building Energy Use

From these generdities the greatest opportunities for energy conservation occur in the chemica
and primary metas industries. Assessments of the energy usage in such plants with recommendations
for conservation together congtitute one valid strategy for demand-side energy management (DSM).
Cutting usage by the consumer decreases the demand on the energy providers as their consumer base
increases. Thus, aggressive utility DSM programs may abrogate the need for creation of new power
generation plants. Energy conservation on the facility scae trandates directly to resource preservation
and decreased environmentd dress on the larger scale. With the forthcoming deregulation of energy
providers, demand side services will become increasingly more important as consumers shop for value
added services accompanied by competitive pricing in the energy markets.
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Metal Durables

Farming, Mining, Construction,
Refining

Non-Energy Feedstock ’

Chemicals and Primary Metals ’

0 2 4 6 8 10 12

Quadsl/year

Figure 1.3: Industrial Energy Use

Energy consarvation, waste minimization, pollution prevention and productivity enhancement all
represent areas investigated during the industria assessment. Energy conservation strategy research and
development since the oil embargo years has enriched the possibilities of use reduction methodology’s
goplication to the smal and medium szed industrial manufacturer. The Figure 1.4:“Load Shape
Changes’ on page 4 from Clark W. Gdlings presentation to the EEI shows examples of typicd load
variations resulting from some conservation drategies. An extenson of this gpproach follows the
graphic keys with descriptions of a variety of sysems typicdly employed in most of today's
manufacturing plants. As can be seen, in some cases more than one gpproach is available and in the
case of demand controls and heat pumps three load shape changes apply. The following and last page
of Gelings summary shows some expected smple payback periods. Paybacks are derived from
divison of the money saved annudly after implementing the recommendation by its associated
implementation cost.  An important piece of nformation, presentation of the payback to the assessed
industrid client becomes an essentid dratagem used in gaining project gpprova. Therole of payback in
indudtrid decison making by smdl to medium sized manufacturers for whom the window of competitive
opportunity is quite smdl cannot be over-emphesized. The indudrid assessor must sl the
manufacturer on the recommendation’s possbilities before short-term profits can be routed into
operationa budgets.

The following abbreviations are usad in the summary:
PC - pesk dipping

VF - vdley filling

LS - load shifting

SC - drategic conservation

SG - drategic growth

FLS- flexible load shepe
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Load Shifting o~

Example: Cool Storage / \

Peak Clipping

Example: Direct control
of air conditioning units

Valley Filling

Example: Thermal S S
energy storage * *

Strategic Load Growth
Example: Heat pumps

Flexible Load Shape

Example: Direct
control of residential é
water heaters [/

Strategic Conservation
Example:

Weatherization and
efficient appliances

Figure 1.4 L oad Shape Changes
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Demand-Side M anagement Strategies.
Industrial M easures

PC VF LS SC SG FLS

Cooling Sysems

1. Condenser Water Temperature Reset

2. Chilled Water Supply Temperature Reset
3. Hot-Gas Defrost

4. Two-Speed Motors on Cooling Tower Fan

X X X X

Hegting Sysems

5. Dedratification Fans

6. Comfort Radiant Heating Systems
7. Process Radiant Heeting Systems
8. Quartz Radiant Heeting Systems

X X X X

Baoilers

9. Combugtion Air Blowers Variable Frequency Drives X
10. Air/Fud Ratio Reset

11. Turbulators

12. High-Pressure Condensate Return System

13. Steam Trap Repair

14. Steam Leak Repair

X X X X X

Air Compressors

15. Outside Air Usage X
16. Leakage Reduction X
17. Cooling Water Heat Recovery

18. Waste Heat Recovery

19. Pressure Reduction X
20. Screw Compressor Controls

21. Compressor Replacement X
22. Low-Pressure Blowers X

X X X X X X X X
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PC VF LS SC SG FLS

Insulation

23. Steam Leaks and Hot Water Pipes
24. Chilled Water Pipes

25. Hot Tanks

26. Cold Tanks

27. Injection Mold Barrels

28. Dock Doors

X X X X X X

Industrial Process Heet Recovery

29. Industria Process Hest Exchangers X X
30. Waste Heat Recovery Boilers
31. Cogeneration X X

32. Industria Process Heat Pumps X X X

x
x

Solar Energy

33. Solar Industrial Process Hesting X X
34. Once-Through Solar Hested Ventilation and X
Process Air

35. Solar Photocatalytic Water Detoxification X

Electric Use Shifting and Controls
36. Demand Controls X X X

37. Interruptible and Curtailable Service
38. Power Factor X

x
x

PC = peak dlipping; VF = valey filling; LS = load shifting; SC = drategic consarvation; SG = drategic
growth; FLS = flexible load shape
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Paybacks® for Demand-Side M anagement Strategies:
Industrial Measures

<2 2-5 6-10 >10

Cooling Sysems

1. Condenser Water Temperature Reset X
2. Chilled Water Supply Temperature Reset X
3. Hot-Gas Defrost X
4. Two-Speed Motors on Cooling Tower Fan X

Heeting Sysems

5. Dedtratification Fans X
6. Comfort Radiant Heating Systems
7. Process Radiant Heeting Systems X

8. Quartz Radiant Heeting Systems X

x

Boilers

9. Combustion Air Blowers Variable Frequency Drives X
10. Air/Fud Ratio Reset X
11. Turbulators X
12. High-Pressure Condensate Return System X
13. Steam Trap Repair X
14. Steam Leak Repair X

Air Compressors

15. Outside Air Usage

16. Leakage Reduction

17. Cooling Water Heat Recovery
18. Waste Heat Recovery

19. Pressure Reduction

20. Screw Compressor Controls
21. Compressor Replacement

22. Low-Pressure Blowers

X X X X X X X X

Inulation

23. Steam Leaks and Hot Water Pipes X
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<2 2-5 6-10 >10

24. Chilled Water Pipes
25. Hot Tanks

26. Cold Tanks

27. Injection Mold Barrels
28. Dock Doors

X X X X X

Industrial Process Heat Recovery

29. Industrial Process Heat Exchangers X
30. Waste Heat Recovery Boilers X
31. Cogeneration X
32. Indudtrial Process Heat Pumps X X

Solar Energy

33. Solar Industrial Process Hesting X X X
34. Once-Through Solar Heated Ventilation and Process X

Air

35. Solar Photocatalytic Water Detoxification X X X

Electric Use Shifting and Controls

36. Demand Controls X

PC = peak clipping; VF = valey filling; LS = load shifting; SC = drategic consarvation; SG = drategic
growth; FLS = flexible load shape

1 Paybacks will vary based on climate, fud cogts, systemn characterigtics, implementation cost by
geographical area, and other factors.

X - The payback falsin the category indicated

Industria assessments such as those practiced by the universities participating in the U.S.
Department of Energy’s Indudtrial Assessment Center Program typically begin long before the facility is
visited by representatives of the Center. Compiled from over 8,000 assessments and containing and
57,000 recommendations, the |AC program data base is available to public and may be accessed via
the internet’ s World Wide Web (W3) at the address or uniform resource locator (URL) http://oipea
www.rutgers.edu, downloaded to any computer and anayzed with any data base program recognizing
fileswith a.dbf extension.
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Rdationd form from assessments to recommendations in a one to many manner, sudy of
manufacturing environments through the data base alows assessment of previous recommendations.
typical and innovative idess, dollar savings, energy and resource conservation, implementation
likelihood.

Average cost savings broken down by recommendation type provides a good representation of
the potentia before on Site evaluation. Expressed in this case averaged over the entire data set, this can
be further broken down (in most cases) by four-digit standard industrial code as a pre-assessment toal.
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Figurel5:  Average Cost Savingsfor IAC Recommendations— 1
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Figure 1.6: Average Cost Savingsfor |AC Recommendations— 2
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Figure 1.7: Average Cost Savingsfor |AC Recommendations— 3

1.1.1. Building Energy Summary

When comparing an industrid plant to an office building the common denominator found relates
to certain energy costs. Each facility must provide working conditions for the people insde the buildings
adequate for the intended product output including heeting and/or cooling of the ingde ar and providing
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light. However, manufacturing plantsincur other energy demands concerning equipment not typicaly
operated in the office environment - motors, conveyor systems, compressors, chillers, ovens and other
production components.

On the other hand, the office operates some devices like teecommunication eguipment,
computers, printers and monitors which athough not unique to support functions such as information
transfer and data tracking and increasingly located on the manufacturing floor connected to the
production line or robotic applications, are found in such quantity as to be amajor contributor to the
commercia energy demand. The following building summary gives some flavor of what typical annua
energy demands for eectricity and gas smdl to medium szed manufacturers require.

11
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Overdl Annud Energy & Cost Summary:
Totd Energy - 20,132.4 MMBtulyr

Total Cost - 349,135.34 $lyr

ELECTRICAL SUMMARY

Month | Energy Energy Peak Demand | Other | Reactive Totda Unit
Usage Charge Demand Cost Costs | Cost Elect. Elect.
Cost Cost
kwh) | (9 (kW) &) (&) &) &) ($kwh)
Jan 250000 | 19185.42 | 584.0 7965.82 | 215.13 | 110.15 27476.52 | 0.078
Feb 254400 | 19495.87 | 556.4 7595.74 | 214.97 | 116.98 2742356 | 0.077
Mar 246800 | 18979.84 | 552.8 7530.38 | 213.21 | 111.22 26834.65 | 0.077
Apr 247600 | 16077.64 | 551.6 424578 | 194.66 | 113.77 20631.85 | 0.065
May 275600 | 17937.39 | 590.8 4617.85 | 201.35 | 114.30 22870.89 | 0.065
Jun 313600 | 20365.63 | 633.6 4905.38 | 209.51 | 116.58 25597.10 | 0.065
Jul 324800 | 21582.86 | 620.0 4919.60 | 216.13 | 112.84 26831.43 | 0.066
Aug 316000 | 21050.37 | 620.8 4946.63 | 214.93 | 116.75 26328.68 | 0.067
Sep 273200 | 17943.95 | 594.0 4632.62 | 201.60 | 108.94 22887.11 | 0.066
Oct 260000 | 17058.38 | 574.0 4468.58 | 198.46 | 110.82 21836.24 | 0.066
Nov 266800 | 17440.93 | 580.8 4466.06 | 199.60 | 112.29 22218.88 | 0.065
Dec 237600 | 18308.30 | 581.6 7860.44 | 212.19 | 108.54 26489.47 | 0.077
NATURAL GAS SUMMARY
Month Energy Usage | Energy Usage | Tota Cost Unit Cost
(CCR) (MMBtu) $ ($YMCF)

Jan 10543 906.7 4979 4.72

Feb 8116 698.0 3838 4.73

Mar 1444 124.2 700 4.85

Apr 756 65.0 376 4.97

May 791 68.0 393 4.97

Jun 558 48.0 283 5.07

Jul 816 70.2 404 4.95

Aug 2615 224.9 1251 4.78

Sep 7540 648.4 3567 4.73

Oct 12877 1107.4 6076 472

12
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Nov

18244

1569.0

8588

4.71

Dec

19807

1703.4

9466

4.78

Gas Qudity - 860 Btu/cf

FUEL OIL SUMMARY

Month

Usage

(MMBtu)

Cost

®)

829

3804.35

Feb

426

1910.83

Ma

Apr

Jun

dl

Aug

Oct

Nov

2227.86

Dec

Rate Summary

Prior to vigiting amanufacturing facility for assessment purposes information obtained by the

asessor becomes a springboard in the determination of possible conservation recommendations. The
energy hillsyidd information that when andlyzed may provide recommendations before the visit such as

energy demand rescheduling, avoidance of late payment pendlties, and energy ratcheting errors.
Information obtained from utility billing includes (with examples):

Electricd Rete Data:
Total Energy Usage
Tota Energy Usage
Tota Reactive Charge - $1,353.18
Totd Electricity Cost

Tota Other Cost

- $297,426.38
- $2,491.74

- 3,266,400 (KWh)
- 11,1482 (MMBtu)

13
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Natura Gas Rate Data:

Totd Energy Usage - 84107 (CCF)
Total Energy Ussge - 7233.2 (MMBtu)
UsageCost - $39921.00

Fud Qil:

Totd Energy Ussge - 12,417 (gd)
Totd Energy Usage - 1,751 (MMBtu)
UsageCost - $7,943.04

Average Codts:

Electricity - 0.07 (¥kWh)
Electricity - 26.68 ($MMBtu
Electricity - 9.81 ($/kW)
Naturad Gas - 5.52 ($MMBtu)
Fud Qil - 452 ($MMBtu)

Graphical Representation

Graphica representation of the data subsequently provides the assessor the next logica stepin
the energy usage andysis progresson. Experience indicates clients like graphica summaries as eesly
read and understood indications of relative proportions. Comparison to regiond and like industries,
normalized usage patterns may indicate abnormalities worthy of investigation. Some examples of
graphica representation of data collected for a hypothetica company is presented on the following

Ppages.

1400 -

MMBtu

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

O Elect. Gas oil
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Energy Usage
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Energy Costs
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Lights 5%

Process Elect. 10%

Cooling 4%

Process Gas 58%
Heating 23%

Figure1.11: Energy Usage
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Figurel.12: Energy Costs
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2 ENERGY AND WASTE ASSESSMENT

2.1. ASSESSMENT METHODOLOGY

Thereis no single approach toward performing industria assessments. Each assessing individud
will develop persondized techniques to identify potentiad opportunities and establish the close
rel ationships necessary while determining the needs of the client. Upon agreement of the client’ s wishes,
the assessment team member may then apply the professond techniques in the assessment arsend to
identify dollar saving, energy conserving, and waste minimization opportunities. The assessment does not
end with the detailed cdculations of the benefits of adapting these drategies, the assessment team
member next pitches the ideas to the client using the written report as the gun but clear, conciselogic as
the ammunition. The sdlected materid presented here outlines some basic rudimentary knowledge
which every assessment team member should possess.

2.1.1. Client Selection Based on Industry Type

In the process of getting potentid clients, acquigtion of preiminary data and an understanding of
the indugtriad process involved in these companies help the industria assessment team member to get a
“foot in the door”. Presentations to the client may start with background data aready prepared but the
data primarily ads in getting the dient intereted. The sdection of a potentid dlient should gart with
looking at a compiled list of industries which traditiondly use alot of energy or historicaly are known to
be inefficient. Some indugtria processes inherently generate a substantial amount of waste and represent
good assessment opportunities. Almost al companies provide supporting activities that are essentia for
the business that are inherently wagteful, asin the necessary evil of product packaging.

Using SIC (Standard Industria Classification ") code enables us to group indugtries into certain
categories and today we can present lists of potentid energy or waste intensve indudtries.

Asessments in this publication are classfied as energy assessments (EA) or indudtrid
assessments (1A).  Industrid assessments address both energy and waste issues. It would be rather
unusud to provide only awaste assessment but thisis not technically impossible.

1. Genedly good indudtrial assessment candidates (waste intensive)
SIC
26 -  Paper and dlied products (with chemica processing)
27 - Printing and publishing (with ink printing)
28 -  Chemicd and dlied products
29 - Pdroleum refining and rdated industries
34 -  Faoricated metd indudries (with cleaning, surface finishing)
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35 - Indudrid machinery (with cleaning, surface finishing)
37 - Transportation equipment (with cleaning, surface finishing)

Usudly sufficient waste for a successful industrid assessment
SIC

20 -  Food and kindred products

22 - Textilemill products (if dyeing is done)

25 - Furniture (if finishing is done)

30 -  Rubber and miscelaneous plastic products

31 -  Leather and leather products (if tanning is done)

36 -  Electronic and eectric equipment (other than assembly)
Energy Intensve with Frequently Doubtful Waste Profile

SIC

21 -  Tobacco products
23 - Appard and other textile products
24 - Lumber and wood products

32 - Stone clay, glass, and concrete products

33 - Primary metd indudries

38 - Ingrumentsand related products

39 -  Miscdlaneous manufacturing industries (unless Sgnificant solvent use)

Waste Minimization Opportunities” Commonly Applicable to Many Plants

In this section we make an attempt to provide a list of practices which will improve or entirely

convert wasteful methods of material handling. Generdly spesking, not dl the introduced improvements
reduce the waste itsdlf, in some cases, the financia aspect prevails.

1.

20

Solid Landfill (Non-Hazardous) Waste:

a Segregate (paper, cardboard, metals) and recycle

a Compact for volume reduction disposal cost savings
a Market wood scrap as fireplace fuel

Wastewater
a Treat (filtration, precipitation, pH neutraization) and reuse in-plant processes for clean-up

Contaminated Liquid Cleaning Systems
a Purify (filtretion, didillation) and reusein plant

Evaporative Losses of Water or Solvents
a Modify equipment or procedures to reduce evaporative |osses

Modern Industrial Assessments
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5. Compressed Air Oily-Water Condensate
a Ingal oil/water separator to reduce disposal costs

2.1.2. Techniquesfor Use of Information Obtained from Plant Survey

It is beneficia to prepare for the assessment of the plant before the actud visit; this homework
redlly pays off. Mogt of the work that is outlined below can be conducted over the phone, by fax, and
by acquiring copies of pertinent information. Some guiddines for the plant ingpection are aso included.
1. Conduct an interview prior to the physical ingpection; use a questionnaire
2. Follow flow of materids through plant processes
3. Control pace of plant walk-through ingpection
4. Prepare materid flow diagrams

5. Record questions raised while physicaly ingpecting equipment or processes

6. Initiate discussions with equipment or process operators.

2.1.3. Types of Assessments

It is not unusua to divide al assessments into three basic categories. Energy, waste including
pollution prevention (P2) and industria (both energy and waste). Furthermore waste assessments could
be peformed for just regular waste or hazardous waste (obvioudy dso for both). Industrid
assessments in this text are not compliance audits . It is absolutdly essentia to make sure that the client
understands this, otherwise cooperation disspates dong with the assessment’ s value.

Start-up Resources - Good Places for Data

EPA website for publications www.epa.gov/epahome/index.html

Pollution Prevention Assessment.
EPA, Fadility Pollution Prevention Guide, EPA/600/R-92/088, 1992.

Industry- Specific Guides (Example)
EPA, Guidesto Pollution Prevention: The Fabricated Metal Products Industry, EPA/625/7-90/006,
1990.

Process- Specific Guides (Example)
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EPA, Guidesto Cleaner Technologies Organic Coating Remova, EPA/625/R93/015, 1994.
For indudtria and waste auditing the regulations are basicaly the driving force.
In the case of Industrial Assessments, other considerations might be:

Priorities-Ozone depleting chemicals
Cost
Data

Targeting

2.1.4. Benefitsof Industrial Assessments

Assessment team members must redize that the mgor driving force is money to be saved for
the company and not compliance with regulations or perceived sdutary benefits. That's not to say that
the assessmentor should not try to combine these two aspects, and in practice it works that way.

1. Economic Incentives
Lowering energy bills (dectricity, gas, ail, cod)
Streamlining the process
Finding newer and less expengve ways to manufacture

Cogt savings due to lowering volume and/or toxicity of wastes can be found in the following areas:
Disposd fees
Generator fees/taxes
Transportation costs
On-ste waste storage and handling
Pre-disposa treatment
Permitting, reporting and record keeping
Emergency preparedness and site clean-up following accidents
Pollution ligbility insurance
Raw supply materias
Operating and maintenance costs

2. Lidbilities
Cradle-to-grave, meaning that the polluter isforever responsible
Waste minimization required in the 1984 Hazardous and Solid Wastes Amendments (HSWA)
to the Resource Conservation and Recovery Act (RCRA)
At present three formal Satutory requirements were enacted as part of the 1984 HSWA
amendments: section 3002(a)/6, section 3002(b) and section 3005(h)

3. EPCRA - Community Right-to-Know

Emergency Reporting
Toxic Release Inventory (TRI)
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Reporting of releases
Reporting of pollution prevention

4. Waste Reduction Laws
30 States
Different State Requirements
Mandatory planning - voluntary
Implementation
Mandatory toxins use reduction

5. Develop Benchmarks
Energy [Btu/Ft2]
Demand [KW/mo]
Cost [$/Ft2]

Region 1 5

Region 2 ﬁ

Region 3 . D

Reagion 4 - ﬁ
Region 5 . ﬂ

Region 6 ﬂ

Region 7
Region 8

Region 9

Region 10

I ] ] ] ] ] ] ] ] I
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0

Quantities of Releases and Transfers
(Millions of Pounds)

Figure 2.1: Typical Waste Release per Year in EPA Classified Regions

The picture above gives some idea of waste quantities involved in the various regions of the US.
The regions were grouped by EPA.

6. Tran Faclity Staff
New dtaff
Overcome myths
I ntroduce new technologies
"Ancther set of eyes' (mental blocks)

7. Educaion On Billing Algorithms
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8. Identify Need For Sub-Metering / Data Collection

9. Callect Input For Building Smulation

10. Improve System For Monitoring Performance

11. Confirm Proper Operation Of Equipment & Controls

Asdesigned

Review as a complete system
Confirm suspicions

12. Identify New Potentid Conservation & Low Maintenance Options

Repair
Upgrades

New dternatives & ideas

The US DOE's Indudrid Assessment Centers, formerly Energy Andysis and Diagnogtic

Centers, provide technical assstance to manufacturers in reducing energy consumption and minimizing
wade. The following summary shows quite clearly that the benefit of an assessment to the customer is
undenigble.  The numbers were compiled using the program database from the Office of Indudtrid
Productivity and Energy Assessment at Rutgers University. The IAC database tracks energy and waste
assessments performed by the mgjor US universities under the Department of Energy (DOE) umbrella

Summary of Energy, Cost and Environmental Savings
From Industrid Energy Conservation Assessments

Mfrs. Served 5,058

Number of Recommendetions 33,980 ECOs

Totad Recommended Cogt Savings $210,827,619

Implementation Rate 44%

Avg. Payback Period 1.36 years

Recommended Energy Recommended Cost Savings,
Energy Type Savings, MM Btu/yr $yr
Electricity 639,017 11,184,344
Naturd Gas 865,927 3,750,278
Other 260,333 1,282,887
Totals 1,765,277 16,217,509
CO2Emisson | COEmisson NOx Emisson | SO2 Emisson

Energy Type Reductions, Reductions, Reductions, Reductions,

24
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Billion lbslyr Ibsyr Ibs'yr lbsfyr
Electricity 326 51,100 1,044,000 1,077,000
Natural Gas 249 72,600 290,000 1,250
Totas 575 123,700 1,334,000 1,078,250

Note: Air pollutant emission factors provided by the U.S. EPA, Office of Air and Radiation

Wadte minimization / pollution prevention aspects of the industrial assessment provide implementation
worthy technical assistance to manufacturers.

Summary of Pollution Prevention and Cogt Savings
From Industrid Pollution Prevention Assessments

Manufacturers Served 61

Number of Recommendations 175 WMOs
Tota Recommended Cost Savings $4,134,097
Implementation Rate 58.0%

Avg. Payback Period 1.08 years

Waste Type Recommended Liquid Waste | Recommended Solid Waste
Reduction Reduction

Hazardous Waste 931,998 gaslyr 2,016,905 Ibs/yr

Nonhazardous Waste 384,774 gdslyr 31,878,822 Ibs/yr

Tota 1,316,772 galslyr 33,895,727 lbglyr

2.1.5. Assessment Structure

Each indudrid different assessment’s keeps the assessment team member fresh as it remains
impossible to have “seen it dl”. However, certain tasks repeat and can be planned ahead and
development of dandard assessment performance methodologies remains good practice. In this
section, the individual steps in the process devel oped from decades of experience are recaled for use as
adarting point for a novice assessmentor as well as reference for the old hands.
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Major Assessment Tasks

1. Introductory Mesting with Clients
Beflexible, solicit cooperation
Befriendly but firm - keep interview moving
Explain the progran/assessment:
Give background (be brief but thorough)
Point out cost vs. benefits
Brief the dlient on the day’ s activities
Identify any items requested but not obtained prior to the assessment
AsK about client’s concerns
Problem areas
Measurements
Needs, ideas

2. Plant Tour
Follow process flow
AsK numerous questions until acquiring full understanding
Take notes - if it is not written down, it did not happen
Make sure to ask what areas can be accessed and what is off-limits
K eep the assessment crew and client together
Try to get the tour leader to introduce you to floor supervisors, etc.
Afterwards, reiterate your needs and set atime to meet with the management before leaving
Inquire if the assessment team needs to be escorted

3. Assessment Recommendation™ (AR) Idea Generation
Following the tour compile aligt of potentiad ARs
Assign the assessment recommendations to the various team members for measurements

4. “TheRes of the Day”

- Take measurements, collect data, and look for additional ARs. Tak with the plant personndl.
Teams should compare notes for interna cond stencies among the recommendations.
About 30 minutes prior to the scheduled meeting time, attempt to organize plans for the wrap-
up mesting.
Have wrap-up medting with the management. Discuss your potential ARs and answer any
questions or concerns. Be sure to follow up on the manager’ s questions or idess. Inquire about
obtaining follon~up data. Discuss reporting requirements.
Sort out plans and ideas before leaving Ste.
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2.1.6. Techniquesand Tools

Since there is not a recognized unified assessment technique or universaly accepted approach
to the assessment, it is up to the individua assessmentor to develop his or her own. Asaguiddine, an
example of atypicd industrid assessment is provided. This section focuses on tasks which, in our view,
are more difficult for an inexperienced assessmentor.  Generdly, waste related techniques are more
difficult to develop and therefore are introduced in more detaill. At the same time common sense
indicates that there are a lot of commondties between energy and waste, especidly in areas which
describe dedling with the client.

Case Study Task Outline
Preassessment information
Pant Vist: Waste-related objectives
Plant vist dide presentation
Process flow diagram
Waste stream data
Braingorming
Andyss
Summary

Preassessment |nformation

Here is an example of the type of information that should be obtained prior to an industrid
assessment.

Type of Products Manufactured:  Telescopic Sghts, mounts

Types of Wastes Generated: Coolants, Rinse water, Metd chips
Reevant Data: Water, Sewer, Sewer/Wagte Hauling Bills, Hazardous wagte;
Manifests

Plant Visit: Waste-Related Objectives

When conducting the waste portion of an industria assessment it is a good idea to make a
checklist of tasksto be performed.

|dentify Process Wastes

Identify Current Waste Management Practices

Look for waste-reduction opportunities

Identify key personnd for follow-up interviews

WASTE-RELATED ISSUES

Modern Industrial Assessments 27



ENERGY AND WASTE ASSESSMENT:ASSESSMENT METHODOLOGY

Ask:
- Doesthis process generate waste? What isit?
How much is generated? (weekly, yearly) Who has the data?
How isthe waste currently managed?
Wheat are the waste management costs? Who has the data?
What waste reduction measures have been tried?
See:
Raw materias and production areas
Waste generation and accumulation areas
Waste treatment and disposal areas
Waste Stream Data
After the waste streams have been determined, specific information is gathered for each.
Cutting Huid from Machining
Amount of waste formed: 3,020 gd/yr
Composition: 98% water, 2% concentrate
Disposd: TSDF blends into cement
Disposa Cost: $1,360/yr
Rinse Water from Polishing, Salt Blackening
Amount of waste formed: 90,400 gal/yr
Composition: Water pH> 7.0
Dispos: Neutralize with H2S04, sawer
Disposal Cost: $100/yr
Metd Chipsfrom Machining
Amount of waste formed: unknown
Composition: Aluminum, sed
Dispos: Drained, collected by metd reclaimer credit
Disposa Cost Credit
Acetone from assembly operations
Amount of waste 700 gdlyr
Composition Acetone V apor
Disposa Evaporates to Atmosphere
Raw Materid Cost $1,890/yr

Brainstorming: Waste Reduction

After collecting al the relevant data, these waste minimization opportunities were suggested:
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Reduce volume of waste
Treat with acid to induce phase separation
Dewater by heat addition
Implement more aggressive coolant recycling
Replace flood cooling with spray
Reduce volume of waste water
Treat and recycle rinse water
Replace acetone with less hazardous cleaner
(note: thisis Pollution Prevention, not waste reduction)
Use Aqueous cleaner
Use less hazardous organic solvent

Brainstorming: Other Potential Recommendations

As with any industrid assessment, an energy analysis was dso conducted. It resulted in the
following Energy Conservation Opportunities.
Compressed Air
Repair eight lesks
Reduce tank pressure
Useoutside air: Door kept open
Insulate heated caustic and salt blackening tanks
Replace 81 kW dectric annedling oven with gas oven
Implement PM (Preventive Maintenance) program to reduce oil on shop floor
Replace TCA vapor degreaser: Done January 1993

Analysis: Acid Treat Waste Cutting Fluid

Add sulfuric acid to induce separation of organic and aqueous phases. Tests indicate that pH
5.5isoptimal. Sewer aqueous phase. Digpose of organic phase in non hazardous waste oil.

Volume of spent cutting fluid = 3,020 gd/yr
Composition: 98% (v/v) water, 2% organic concentrate
Reduction in waste requiring hauling to TSDF:

Waste reduction = (3,020 gal/yr)(1.00-0.02) = 2960 ga/yr
Annua cost savings, S = ($0.45/gdl)(2,960 gd/yr)

Annud Cost - [(3,020 gal/yr(1hr/bch)($25/hr)] / (200 gal/bch)
S = $955/yr
Equipment required for implementation: 200 gallon tank
Mixer
pH meter
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Implementation cost: $1,000

Payback period: (%$1,000)/($955/yr) = 1.0 yr

Alternative gpproach: Dewater with evaporator

Advantage: Reduce expenditures for labor

Disadvantages: Three - year payback period
Possible ar pollution problem
Requires dectricity

1 Summary of Assessment Recommendations

Assessment Annud Savings Implementation Payback Period
Recommendation Cost

1. Repair Air Legks $7,7301yr $800 0.1yr

2. Gas Annedling Oven $8,330/yr $53,000 6.5 yr

3. Acid Treat Spent Cutting | $955/yr $1,000 10yr

flud

Additional Measures Considered

It is useful to introduce dl idess, including those which might present just a relatively wesk
opportunity for an implementation a present time. The economic climate might change and the
customer will have the basic information needed.

Replace flood cooling with spray cooling.

Advantage: Eliminate spent cutting coolant waste stream

Disadvantage: Higher implementation and operating costs
Replace acetone with less hazardous cleaner

Advantage: Eliminate a source of solvent air emissons

Disadvantage: Prolonged drying time for aqueous cleaners

2.1.7. Identification, Selection, Analysisand Write-up of ARs

1. AR Identification
Focus attention on the largest and most costly waste streams
For each waste stream generate one or more possible AR idess,
Use the following ideas sources:
Congder commontsense approaches to waste reduction (e.g. smple procedura
changes)

30 Modern Industrial Assessments



ENERGY AND WASTE ASSESSMENT:ASSESSMENT METHODOLOGY

Review availdble waste reduction literature
Survey databases
Other sources detailed below

2. AR Sdection
Include dl smple concepts (assured technica feasbility), short payback ARs for reatively
ggnificant waste reams
Be cautious in selecting measures with highly doubtful technica feasibility
In generd, salect measures with paybacks lessthan 5 years

3. ARAndyss (See2.1.84“AR Andysis’)

4. AR Write-up
(All items below should be included; the more clear the text the better)
- State current practices and observations
Recommended action hasto be clear, write in plain language
Estimation of reduction in amount of waste
Edtimation of associated net waste management (and if relevant, energy) cost savings

Implementation consderations
Equipment requirements and cogts
Procedura changes
Payback caculation
Cautions, if any
5. Exarple

Develop Record Keeping Systems

Wadste Profiles

Disposd Pans

Manifests

Generation and Disposal Reports
Training Records

I nspection Records

Contingency Plans
Correspondence

Asessment Summaries

AR calculation references

Genegrd
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Thumann, Albert, Handbook of Energy Assessments, Association of Energy Engineers, Atlanta, GA
(severd editions).

Industrial Market and Energy Management Guide, American Consulting Engineering Council, Research
and Management Foundation, 1987.

Energy Conservation Program Guide for Industry and Commerce, NBS Handbook 115 and
Supplement, U.S. Department of Commerce and Federd Adminidtration, U.S. Government Printing
Office, 1975.

Mark's Handbook of Mechanica Engineering, Baumeister (Ed.), McGraw-Hill, Eight Edition, 1978.

ASHRAE Handbooks, Fundamentas, Systems, Equipment, Application, HVAC and Refrigeration
Volumes, American Society of Hesating, Refrigeration and Air Conditioning Engineers.

Directory of Software for Energy Managers and Engineering, Association of Energy Engineers, Atlanta
GA, 1990.

Boilers
Dyer, David and Glennon Maples, Boiler Efficiency Improvement, Boiler Efficiency Inditute, Auburn,
Alabama, 1981.

Steam Efficiency Improvement, Boiler Efficiency Inditute

Air Compressors
Compressed Air and Gas Data, Ingersoll-Rand Company, 1982

Compressed Air Systems, A Guidebook on Energy and Cost Savings, Varigas Research, Inc.,
Timonium, MD 1984.

Compressed Air and Gas Handbook, Compressed Air and Gas Ingtitute, New Y ork, New Y ork, Third
Edition, 1961.

Sources for Implementation Cost Data

Ingalation and Labor Costs

Instalation and labor costs are of great importance whenever one faces the responghility of
edimating pecuniary aspects of an engineering proposd. It is an indisputable fact that different
companies have different overhead codsts, therefore smilar jobs may not necessarily cost the same.
However, it is possble to estimate expenditures for standard tasks typicaly required in order to
accomplish specific projects.
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Some typica jobs, such as concrete work, masonry, thermal and moisture insulation, carpentry,
plumbing, and variety of eectrical ingalations can be estimated using cost data books. As an example
see “Means Building and Congruction Data’ and “Dodge Unit Cost Data’. These provide standard
cogsfor agreat variety of tasks commonly encountered. Prices contained in these books are those that
would be incurred by a general contractor. The generd contractor’s overhead and markup are not
included in any of the prices in these references. Caution must be exercised since no two projects are
identica and conditions of work may differ consderably. Specia project conditions must be reflected
in the smplicity or complexity of work items. The Sze and scope of work have a Sgnificant impact on
cost. Economies of scale can reduce cogts for larger projects and unit costs can often run higher for
small projects.

Since each project is an complex engineering undertaking hiring a consultant experienced in the
fied is encouraged before any work is to begin. The fees for such services vary from $1500 to
$2000/day based on level of expertise and difficulty of the task.

1. MEANS Cost References.
Electrica
Mechanica
Construction
Man-hour Standards
System Costs

2. Loca Wholesale/ Retall Supplier Catadogs:
Grainger
McMaster-Carr
Ryal Electric
Poudre Vdley Air

3. Manufacturer's Representatives (Equipment Costs):
Bdl and Gostt
ITT
Conservawett
Kewanee
Cleaver Brooks
Marley

4. Contractors
Sheet Metd
HVAC / Mechanicd
Pumbing

5. Industrial Assessment Database (past assessments)
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6.

7.

Manufacturer's Data/ Cost Catalogs

Common Sense In-house Esimates

Software

1

34

Basic tools:

Wesather Data/ Data Extraction
Your locd Climate Center
In-house Energy Billing information
I n-house Extraction Codes
ASHRAE Bin Data

Billing Data
FASER
In-house Spreadsheet Program

Simple Measure Evauation
Spreadsheets / Code
Hand Caculations

Building Smulation
Smple Buildings- Modified Bin Program
Complex Buildings - Consultant

Daylighting
Smple- SuperLite or Equivaent
Complex - Consultant

Other assessmenting software:

Daylighting
DOE-2 (LBL)
Controlite (LBL)
SuperLite (LBL)
Daylite (Claude Robbins)

Billing Data Tracking
FASER
ENACT
Spreadsheet (Lotus, Quatro Pro, Excd, etc.)
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Wesather Data Manipulation
Your Loca Climate Center
TMY Data Tapes
Extraction Code

Database

- FoxPro
Paradox
DBase |V
RBase

2.1.8. Tasksand Datafor Energy and Waste Assessments

Elements of an Indudtrid Assessment

1. Pre-plant vigt data collection and review

2. Plant vist

3. Follow-up process information and data request(s), if needed
4. Report preparation

Pre-plant Visit Data Collection and Review

1 Desrablllty of advance data collection
To prepare assessment team to efficiently address plant-specific processes and associated
wagte streams and energy usage
To "get a jump’ on waste and energy consumption data collection which is often time-
consuming and difficult to completein plant.

2. Datadesired
General description of mgor energy consuming and waste- generating processes
Identification of all mgor types of waste stream releases.
a) Solid or liquid (other than water) containerized waste streams.
Hazardous waste: type of waste, |bs (or containers)/yr shipped off ste, cost of
shipments.
Non-hazardous solid (landfill) waste: principd components, Ibs (or containers)
shipped/yr, cost of shipments.

b) Wastewater: process yielding waste water, 1bs (or gal)/yr released, sewering codts.
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C) Airrelesses
Permitted: nature of releas(s), Ibs/yr released, cost of replacement chemicals.
Non-regulated (e.g. water evaporation): |bs/yr, purchase cost of water.

3. Caution
Extensve data requests (especialy regulated discharges) in advance of plant visit may thresten
or otherwise discourage client from continuing with assessment!

Plant Visit Activities

1. Saf Interview
- Make sure you understand energy usage in the plant and billing schedules involved
AsK questions to gain a basic understanding of plant processes yidding waste and to identify
point sources of waste generated in plant
Obtain approximate quantitative data for major waste streams (amounts and associated costs)
Request and review available waste data records (and energy billsif necessary)

2. Inspectl on of Plant Manufacturing and Support Operations
Clarify process details
Confirm point sources of waste
Clarify causes of waste production and energy consumption
Characterize waste handling/processing procedures
Generate preliminary AR ideas
Ligt areas/processes for which additiona quantitative data is needed for later andysis

3. Exit Interview
Present ligt of lacking essentia data for follow-up tranamitta to you
Clarify process detalls limiting feagbility of brainstormed ARs
Present and discuss proposed ARs

Waste Content of Client Ener gy/Waste Assessment Reports

Following the assessment, a report should be generated for presentation to the client. This
assessment report should at least contain the following categories.
1. Disdamer
Information presented and recommendations made do not address or guarantee plant
compliance with any environmentd laws.

2. Executive Summary
Ligting of energy and waste reduction measures recommended
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Sections Addressing Energy Consuming and Waste Generating Processes
Energy and waste discussion in process description

Include process flowsheets indicating point sources of waste streams

Section Presenting Summary of Waste Production Rates and Associated Costs

Listing of Measures Undertaken Previoudly by Plant to Manage Waste or Lower Energy Usage
(Best Practices)

Assesament Recommendations (ARS)

AR Analysis

1

Clearly identify energy-consuming equipment and waste siream(s) associated with recommended
measure (e.g. motors, raw waste water or waste water trestment system dudge)

Specify current energy usage or waste production rates for considered stream(s); Obtain data from:
Energy hills
Waste release records
Mass balancing
Plant personnd estimates
Assessment team estimates (e.g. cardboard fraction in landfill waste)

Estimate costs associated with waste streams of concern
Raw materids replacement costs
Edtimates of adminigtrative and handling labor cogts, if any
Reease permitting codts, if any
Egtimates of shipping codts, if any

Specify reduction amount for waste stream(s) minimized; obtain reduction amounts from:
Case study experience (literature information)
Equipment vendor data
Estimates of assessment

Cdculate net cost savings associated with waste reduction amounts, Consider:
Recurring costs associated with new waste streams produced, if any
New labor costs
Operationd costs of new equipment

Egtimate AR implementation cost (one-time capita expenses)
Cdculate smple payback
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§ Mass Balancing Example
Spray Painting of Automotive Sideview Mirror Housings

Basic materid mass baances (on a unit time basis):

1. Pant
Quantity purchased - Quantity stored = Quantity used
Quantity used = Quantity deposited on parts +
Quantity disposed as liquid waste +
Quantity disposed as solid waste
2. Reducer:
Quantity purchased - Quantity stored = Quantity used
Quantity used = Quarntity evaporated in paint mixing area+
Quantity evaporated in paint booths +
Quantity evaporated in paint curing oven +
Quantity evaporated in clean-up operations +
Quantity disposed as waste (contaminated) liquid

Waste Management Component Costs

1. Hazardous Waste (solid and liquid)
a) Raw materids replacement
b) Adminigration and record kesping
¢) Materidshandling
d) Pre-trestment on-gte, if ay
Chemicds (e.g. acid neutrdization)
Energy (e.g. heating, materids transfer)

2. Air Emissions (vapors and particulates)
a) Raw materids replacement
b) Reease permitting
C) Pre-treatment on-gteif any
Materids (eg. baghouse filters)
Energy (e.g. incineration)

3. Wastewater

a) Make-up (replacement) water
b) Reease permitting
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C) Pre-trestment on-gte, if any
System components (e.g. filters)
Chemicds (e.g. pH adjustment)
Energy (eg. pumping)

d) Periodic efluent sampling and testing

4. Landfill Wagte (Solid)
a) Raw materids replacement (e.g. paper)
b) Adminigration and record kesping
c) Materidshandling
d) Equipment rentd (e.g. dumpsters, compactors)
e) Hauling

§ Waste Minimization Example in Minimizing Waste of Tap Water

Current Practice and Observations

It was noted that tap water was being used to cool the 60 horsepower air compressor by letting
it flow fredy through the compressor cooling coils. The temperature rise of the cooling water a inlet
was 65°F and the exit water temperature was 85°F. The unrestricted flow results in sgnificant waste
water. The compressor oil temperature was aso found to be 90°F.

Recommended Action
Reduce flow of cooling tap water by ingaling a gate valve and/or recirculate weter through a
amal cooling tower.

The air compressor specifications indicate that the operating temperature of the oil should be
maintained at approximately 150 °F. The free flow of tap water through the cooling passagesis
wasting water and overcooling the compressor oil.

» A gate valve (with a hole drilled in the gate of the correct cross section to limit the flow to rate
to the minimum acceptabl e to the manufacturer of the compressor) should be installed.

» The hole will guarantee that the cooling water will not be accidentally shut off

» The use of a valve rather than a flow restrictor will permit adjustment of the flow rate in the
event of line fouling and permit periodic flushing of the line to eliminate scale.

Additional water savings would be possible by installing a small cooling tower to reject heat
from the compressor cooling water and then recirculate it through the compressor cooling lines.

Anticipated Savings
At full load (60 HP) approximately 20% of the energy delivered to the compressor isremoved
by the cooling water. The flow rate in galons per hour for a 20°F temperature rise is given by:
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* * *
GPH:f HP* CF* GPP

CP*DT
where:
GPH = Gdlons of water per hour through the compressor.
HP = full load horsepower of the compressor
f = the fraction of compressor power lost to cooling water (0.2)
CF = the conversion factor (2,545 BTU/HP-hr)
GPP = Gdlons of water per pound mass (0.12 gdlong/lbm)
CP = specific heat of water (1 BTU/Ibm°F)
DT = Temperature rise of water through the compressor (20°F)

0.2* 60HP * 2545Btu/ hr * 0.12gal /lbm

GPH =
1Btu/lbm% * 20°F

It is assumed that alowing the exit water temperature to rise to 145°F will mantan the
compressor oil a 150°F. The flow rate can be reduced by (85°F - 65°F) / (145°F -65°F) yidding the
flow rate as:

(85°F - 65°F) / (145°F- 65°F)) x 183 GPH =46 GPH

and the cogt savings as.

CS= L* HR* CF

CS = Cost Savingsin $yr

L = total water flow reduction rate (183 GPH - 46 GPH = 137 GPH)

HR = yearly operating time of the compressed air system (8 hours/day) x (5 days/ week)
X (52 weekslyr) = 2,080 hours/yr

CF = Cogt of tap water consumption ($18/1000 gallons)

Thus with gate vave flow restrictor:
CS = (137 ga/hr) x (2,080 hrslyr) x ($0.018/gdllon) = $5,129/yr

Cooling tower makeup water is estimated to be no more than 10 gallons per hour for this sze
unit, thus the cost savings with an ingtaled cooling tower would be:
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cs = (183 GPH - 10 GPH x (2,080 hrslyr) x ($0.018/gdllon) = $6,477/yr

Total Annual Savings = $6,477

Implementation
It is estimated the cost of a flow good gate vave will be gpproximady $20 and it can be

ingtalled and drilled by maintenance personnd. Based on the implementation cost and reduction in cost
of wagted tap water, the Smple payback period for this recommendationis

($20 implementation cost) / ($5,129/yr savings) = 1.4 days

The implementation cost with a cooling tower is condderably greeter. It is etimated to be
$7,500 for a five ton packaged unit which would be adequate for this gpplication. Based on this
implementation cost and reduction in cost of wasted tgp water, the smple payback period for this

recommendation is;

($7,500 implementation cost) / ($6,477/yr savings) = 1.2 years.

Smple Payback = 1.2 years

The rddively long payback and complexity involved with the cooling tower may make this
gpproach undesirable. If some other requirement within the plant makes a cooling tower purchase likely
this solution should be considered.

2.1.9. Load Calculationsand Energy Analysis

For any system that is encountered in the field an assessmentor should perform load calculations
to see energy requirements. Given the equipment and/or process demands one can draw a concluson
whether the plant is usng too much energy and if thet is the case, sart andyzing different components
for potentia savings.

1. POTENTIALLY ACCURATE METHODS
Heat balance
Weghting factors

2. COMPARATIVE METHODS
CLTD and CLF methods
BIN methods
Modified degree day methods
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3. Complicated methods
TETD methods
65°F-based degree method

Energy Estimating Methods
Hesting
1. Hesting Degree Day, EHT

UA* DD
h

B =

where
E = hedting energy, Btu
UA = design hest load, Btu/°F day
DD = degree days, °F day
h = furnace efficiency
2. Variable Based Degree Days (Vbdd)
Same, except we use degree days to the base t,, where

— t - Qoan

b UA
3, Bin Method

Eqr = AE

BINS

where
E=BLCXx (t-t;)

4. Dealed Smulaion Methods

Coaling

42
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1 Cooling Degree Day

_ 24* BLC*CDD
COoP

Ey

where
COP = coefficient of performance
CDD = cooling degree days

2. Bin Method

3. Cltd/CIf Method
4. Tetd/TaMethod

Transfer Function Method
6. Heat Baance Method

o

Procedure for Building Smulation

1. GATHER DATA FROM BUILDING PLANS
A. Determine gppropriate zones
- Perimeter vs. core
Wings
Different HVAC systems

B. Identify wall sections, glazing types
i.e., Wood sheething, 3 1/2" fiberglassinsulation, 5/8” dry wall, etc.

C. Defineand 9ze HVAC systems
From mechanicd plans
Flow rates, coil ratings, sometimes controls

2. EVALUATEUTILITY BILLS(ELEC,, GAS, WATER)
A. Break out hot water energy use
Iterate fraction of hot water

B. Bresk out HVAC use
Look for seasond variation in eectricity and gas usage

C. BEvduateload factor
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Monthly usage/ (peak demand x # of hours of operation in a month)

3. INTERVIEW FACILITY STAFF
A. Obtain schedules for people, equipment, lighting, HVAC equip. control / operation
Setpoints and setback times
Outsde air control (economizer)
Supply and exhaust fan schedules
Manud override of the system (typicaly seasond)

4. STEVISIT DATA COLLECTION
A. Note day, outside weather conditions
compare to the mode of the system operation.

B. Use aseparate page for each zone: saves time when creating Smulation input.
C. Count lights and equipment

Find rating, Sze, €ic.

Note how many are operating and time of survey

D. HVAC SYSTEM OPERATION
Fan and coil operation (ON/OFF or variable speed)
Outside air damper setting (fixed position, economizer setting)
Note placement and setting of thermostats (setback capability)

5. CREATE SIMULATION INPUT HLE
A. Alter file from smilar building
Savestime
B. Writeampleinput filefirgt
Easier to debug
Start with components of zone loads
C. Then add more schedules and complexity

D. Compare the magnitude of the loads and the load shape with the bills

2.2. ENERGY AND WASTE INSTRUMENTATION FOR ASSESSMENTS

It is important to be able to gather al the information necessary for competent evaluation of
energy usage and waste generation. Hardware designed to help data collection is available and should
be used. Since manufacturers of measuring equipment constantly strive for better productsit is a good
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practice to keep up with the latest development in the field. Then one is able to make use of sate-of-
the-art technology to achieve better resultsin his or her own work.

2.2.1. Equipment List

1 Thermo Anemometer - Alnor Model 8255 (Digitd)
2 Velometer - Alnor (Andog)

__ 3 Amprobe Ampere Meter (Digitdl)

__ 4 Amprobe Ampere Meter (Analog)

__ 5. PWF Meter

__ 6. Rubber Gloves

_ T Infra Red- Temp Sensor - Kane May 500

__ 8. Temperature Probes/Flukes Meters

__ 0 Sylvania Light Meters

10. Combusdtion Andyzer - Kane May 9003 (Silver)

11. Enerac Combustion Eff. Computer - Model 943 (Blue) and Separate Probe

12. Polysonics - Ultra Sonic Flow Meter

13. Drill and Bit from ME shop

14. Safety Glasses, Ear Plugs

15 Dust Masks
___16. Amprobe Chart Recorder
17. Record of Previous Recommendations

18. Tool Box (include flashlight, wire brush, rags)

19. Preassessment Data Sheet

Modern Industrial Assessments 45



ENERGY AND WASTE ASSESSMENT:ENERGY AND WASTE INSTRUMENTATION FOR ASSESSMENTS

Number of Casestakento site .

2.2.2. Product and Supplier Ligt

Combudgtion Andyzer
Energy Efficdency Sysems Enerac 2000 - $3,000
1300 Shames Drive Pocket 100 - $1,500

Westbury, NY 11590
(800) 695-3637

Universa Enterprises KM9003 - $2,000
5500 South West Arctic Drive

Beaverton, OR 97005

(503) 644-9728

Goodway Tools Corporation ORSAT and EFF-1
404 W. Avenue

Stanford, CT 06902

(203) 359-4708

Bacharach, Inc. FYRITEII - $695

625 Alpha Drive No CO or Combustibles
Pittsburgh, PA 15238

(412) 963-2000

Dwyer Instruments, Inc.
Highway 212 a 12

P.O. Box 373

Michigan City, IN 46360
(219) 872-9141

Milton Ray Company
Hays-Republic Divison
742 East Eighth Street
Michigan City, IN 46360

Burrell Corporation

2223 5th Avenue
Pittsburgh, PA 15219
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Amp Probe
Granger Anaog Amprobe Digital Amprobe
4885 Peris Street #RS3 - $100 #3A360 - $350
Denver, CO

(303) 371-2360

Cogeneration:

Martin Cogeneration Systems (913) 266-5784
1637 SW 42nd St.

PO Box 1698

Topeka, KS 66601

Waukesha/Dresser
Waukesha Engine Divison
Dresser Industries

1000 W St. Paul Ave.
Waukesha, WI 53188

Tecogen Inc.

45 1st Ave.

PO box 9046

Waltham, MA 02254-9046

Stewart and Stevenson, Inc. (713) 457-7519
Gas Turbine Product Division

16415 Jacintoport Blvd.

Houston, TX 77015

Baoilers

Kewanee Boiler Corporation (314) 532-7755
Suite 200

16100 Chesterfidd Village Parkway
Chesterfield, MO 63017

Bailer Efficiency Inditute
School of Engineering
Auburn Universty

PO Box 2255

Auburn, AL 36830
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(Steam Traps)

Y arway Corporation (312) 668-4800
PO Box 1060

Wheaton, IL 60189

Weben-Jarco Inc.

PO Box 763460

Dallas, TX 75376-3460

Uniluc Manufacturing Company Inc. (416) 851-3981
140 Hanlan Rd.

Woodbridge (Toronto) Ontario, Canada L4L 3P6

Waste Heat Recovery:

Beltran Associates, Inc. (516) 921-7900
200 Oak Dr.
Syoset, NY 11791

Therma Stak

1-800-521-6676

Des Champs Labs Inc. (201) 884-1460
Z Duct Energy Recovery Sysems

PO Box 440

17 FarindlaDr.

East Hanover, NJ 07936

Pumps.

ITT Bl & Gossett (708) 966-3700
8200 N. Austin Ave,

Morton Grove, IL 60053

Ingersoll Rand

Taco, Inc. (401) 942-8000

1160 Cranston St.
Cranston, RI 02920

Lighting:
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Vamont Electric (217) 446-4600
Hunt Electronics

1430 E. Fairchild S.

Danville, IL 61832

The Watt Stopper, Inc.  (408) 988-5331
296 Brokaw Rd.
Santa Clara, CA 95050

MagneTek Universa Manufacturing (201) 967- 7600
200 Robin Rd.
Paramus, NJ 07652

Philips Lighting Company (908) 563-3000
200 Franklin Square Dr.

PO Box 6800

Somerset, NJ 08875-6800

(Light Contrals)

Powerline Communications, Inc.  1-800-262-7521
123 Indugtrid Ave.

Williston, VT 05495

Conservalite, Inc.
PO Box 215
Oakdale, PA 15071
(412) 787-8800

Geneard Electric

Implementation Costs/Pricing;

RS Means Company Inc. 1-800-334-3509
100 Congtruction Plaza

PO Box 800

Kingston, MA 02364-0800

Grainger
(Regiona Numbers)

Modern Industrial Assessments

49



ENERGY AND WASTE ASSESSMENT:ENERGY AND WASTE INSTRUMENTATION FOR ASSESSMENTS

Gengrd Information:

ASHRAE Handbook of Fundamentas

HVAC:

McQuay - Perfex Inc.
13600 Industria Park Blvd.
PO Box 1551
Minnespolis, MN 55440

(Hot Water Systems)

Weben Jarco, Inc. 1-800-527-6449
4007 Platinum Way

Ddlas, TX 75237

(Evaporative Cooling)
ECCI

PO Box 29734
Dallas, TX 75229
(214) 484-0381

(Chillers)

Carrier Corporation
Syracuse, NY 13221
Trane Company
Clarksville, TN 37040

(Cooling Towers)

The Marley Cooling Tower Company
5800 Foxridge Dr.

Misson, KS 66202 (913) 362-1818

(Radiant Heaters)

Roberts - Gordon Appliance Corporation (716) 852-4400
PO Box 44

1250 William S.

Buffalo, NY 14240
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Air Compressors;

Ingersoll Rand Company
5510 77 Center Dr.

PO Box 241154
Charlotte, NC 28224

Gardner-Denver Company

Motors:

GE Company

Motor Business Group

1 River Rd.
Schenectady, NY 12345
Bador

Variable Speed Drives:

York International (717) 771-7890
Applied Systems

PO Box 1592-361P

York, PA 17405-1592

ABB Indudtrid Systems, Inc.
Standard Drives Divison

88 Marsh Hill Rd.

Orange, CT 06477

Allen Bradley

Drives Divison

Ceadarburg, W1 53012-0005
Enercon Data Corporation
7464 W. 78th St.

Minnespolis, MN 55435
(612) 829-1900

Bdts
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The Gates Rubber Company (303) 744-1911
990 S. Broadway

PO box 5887

Denver, CO 80217
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3 EVALUATION OF ENERGY AND WASTE COSTS

3.1. FINANCIAL ANALYSIS

Financid andyss of proposed energy projects essentidly “sdl” the idees to the client. In
today’ s competitive environment, industry can ill afford sarting a project with fisca uncertainties. This
section covers the basics of pre-investment financia breakdowns and performance considerations.

3.1.1. Definitions

Block:

Btu:

CCF:

Cddus

Collector:

Congtant:

Degree Day:

Demand:

Duty Cyde

Enthapy:

A divison of billing based on usage. The total block amount of use is divided into
blocks of different price per unit of use.

British therma unit. It isthe amount of energy to raise or lower one pound of weter
one degree Fahrenheit.

One hundred cubic feet of gas. (Typicaly 1 Therm = 1.02 CCF)
A metric unit for temperature measurement.

Pands for collecting and transforming the sun’ s radiation
Multiplier used in computing eectric meter reading.

The sum of the average outdoor temperature over a short time frame (day). Usudly
subtracted from 65 used as the heat balance temperature.

Highest amount of dectricity used in a month, measured in Kilowatts (kw). Usudly
approximated by integrating the consumption over the highest 15-30 minute period
during any one month. Power companies must have the generating capacity to meet
the demands of their customers during these pesk period.

Controlled interruption of a piece of equipment that is within its operating band. Itis
designed to reduce demand, usage and the equipment’ slife.

A measure of the energy content of a substance, reflecting both moisture content
and temperature.
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Fossl Fud:

Humidity:

HVAC:
HVLP:

Infiltration:

Insulation:

Interruptible Service:

Kilowatt:

Kilowatt Hour:

LP Geas:

Load Scheduling:

Load Shedding:
Lumen:
Make-Up Air:
MEK

Optimum Start:

Power Factor:

54

Fud (naturd gas, cod, ail etc.) coming from the earth that was formed as a result of
decompogtion of vegetation or anima matter.

The ratio of water vapor within a given space to the amount of water the air can
hold at that temperature and pressure (saturation).

Hesting, ventilation and air conditioning.
High Volume Low Pressure. A type of paint gun that usesless paint.

Air flowing inward through awall, window, door or a crack., associated with an
equa amount of air leaving a structure (exfiltration).

A materid having a rdatively high resstance to heat flow, principdly used to
retard the flow of heat. This ability is measured as “R” factor. The higher the
factor the higher the ability to insulate.

Large users of eectricity or gas who are able to turn off a portion of their use
during peak periods are rewarded by lower rates.

1000 Weétts, unit of power.
Unit of dectrica power consumption. It is one kilowatt used for one hour.

Liquid petroleum gas. This fud is digributed in pressurized cylinders in liquid
state and by releasing it is converted into a combustible gas.

A clock programmed by the user to start and stop dectric loads on sdlected
days a particular times.

A scheduled shutdown of equipment to conserve energy and reduce demand.
A unit for quantitetive measure of light.

Air forced into the area equd to the air logt through exhaust vents.

Methyl Ethyl Ketone, ahighly volatile solvent.

The load scheduling program, when applied to heating or cooling loads, is
modified to follow temperature changes outside the building.

Ratio between usable power supplied (kW) and reactive power (kVAR) used
in inductive |oads.
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Ratchet: A Utility rate charged to customers based on the pesk yearly demand of a
fecility. The rate is designed to represent the cogt to the utility of constructing
and maintaining enough capacity to meet that demand.

Service Charge A fixed fee for providing service from a utility company.

Therm A unit of heat, equivaent to 100,000 Btu.

3.1.2. Sample Calculation of Savings

Examples of caculations or gpproaches to a variety of problems are the best tools for learning.
This methodology continues here with sample recommendations and caculations.

Energy Conservation

Energy consumption & your plant for the twelve month period from October 1993 through
September 1994, consisted of :

4,303,202kWh of electricity (14,684 x 10° BTUs)
423,830 Therms of natura gas (42,383 x 10° BTU9)

This is equivdent to 57,067 million BTUs of energy. The energy codts for the period were
$366,580 with unit energy costs averaging $0.059 per kW for dectricity and $0.267 per Therm for
natura ges.

The eight assessment recommendations related to energy described in this report, considered
independently, could provide a net savings of about $167,868 each year, or about 46% of your total
energy usage. However, due to the law of diminishing returns, your actua savings would be less. Our
estimated codsts for implementing the recommended energy conservation measures trandates into an
average payback of lessthan 3.2 years.
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Energy Fud Energy Savings Annud Payback
Assessment Conserved BTU x 106 Cost (Years)
Recommendation Savings
Insulate Steam Lines | Natural Gas | 385.6 $1,041 1.3
Use Synthetic Electricity 264.4 $4,572 -
L ubricants
Install Personnel Naturd Gas | 173.4 $463 15
Access Door
Replace Electricity 505 $8,732 | 1.2
Compressorswitha | and
Gas Unit and Utilize | Naturd Gas | 334 $890
Heat Recovery
Install Piggy Back Electricity 30 $513 1.7
Motors on Cooling
Towers
Ingdl Air Curtains Electricity 125.3 $2,166 0.36

ad

Natura Gas | 153.1 $409
Ingtall Packaged None None $144532 | 34
Cogeneration
Ingdll Natural Gas | 1,685 $4,550 2.1
Desuperheater

Table 3.1: Energy Assessment Recommendations

Waste Minimization

The one assessment recommendation related to waste described below can save $21,760 with
varying paybacks depending upon the type of implementation.

Recommended Waste Stream | Projected Net Cost Payback
#| Measures Components Annual Savings
Reduction
(gallyr) ($lyr) (Years)
1| Ingal Water Waste Water None $21,760 4.2-10.6*
Treatment Station
* Depends on the manufacturer price of and features of different sysems
Table 3.2: Waste Assessment Recommendation
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Example of Incorporation of Waste Information in Process Description

Manufacturing Process Overview

The principal products produced in this plant are shift levers, shift fingers, remote control
housings, shift towers, shift rods, clutch rdlief yokes, and bearing caps. Raw materias for production
include severd grades of sed, iron and duminum cagtings, 5/8" and 2" diameter sted rods and sted!
tubing.

The cagtings arrive in cardboard boxes, gpproximately 75% of which are lined with plagtic.
Most boxes are banded with ether plastic or meta bands. Plastic banding and used cardboard boxes
are discarded in the municipa refuse.

To produce the assorted products, the castings are removed from the boxes and are
trangported by smal push carts to the appropriate milling, drilling, tapping and grinding machines. The
metal waste from the metaworking operations and metal banding are deposited in a designated trash
container and shipped off-gte for recycling. Most of the metaworking machines utilize a"wet process'
with crculating coolant. Coolant in individua machines is replaced usng a "Yedlow Bdlied Sump
Sucker" when the operator of the machine concludes that the coolant is no longer effective. Qil
skimmed off coolant reservoirs, dong with contaminated hydraulic oil, is pumped into a wade oil
containment system, and is hauled off-gte in bulk on amonthly bass.

After the cagtings are machined to specification they are categorized into one of three groups.
The firgt group of parts is washed in a Sngle immersion tank and washer, then removed, alowed to ar
dry and placed in cardboard boxes. This parts group is subcontracted out for off-gite heat treatment,
then returned and put in storage or transported to the assembly area. The second group of components
is washed in the same manner as the first group, alowed to air dry, then heat trested on-sSte usng a
25kW induction hest-treater, and findly transferred to storage or an assembly arees.

Used transmissions to be remanufactured are usudly recaeived in a reatively oily and debris-
contaminated condition. Therefore, complete used transmissons areinitidly placed in a"Storm Vulcan”
washer. This high temperature, high-pressure washer thoroughly cleans the transmisson exteriors
before disassembly. The deaning solution is changed twice a year, with the entire volume of deaning
solution placed in_drums and disposed of as a hazardous waste. This washer produces a waste water
stream on the magnitude of eight drums per year. Once the transmissions are disassembled using hand-
held air tools, they are remanufactured using new gaskets, origind parts in good condition, and new
parts produced in the plant to replace broken or worn out parts. Some assembled transmissions are
painted and then tested on one of two test stands for norma operation before crating for shipment to
customers.

Breakdown of Handling Labor and Record Keeping Costs
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Totd estimated handling labor costs associated with al waste streams.

($6/hr)(2 workers)(8 hr/day)(5 day/wk)(52 wk/yr) @$25,000/yr
Totd estimated handling labor costs associated with al waste streams.
($25/hr)(1 employee)(1 hr/2 wks)(52 week/year) @s__ 700/yr
Totd estimated handling and record keeping codts: @$25,700/yr
Waste Quantity Raw Material Estimated Off-Site Total
Stream Generated | Replacement Handling L abor Removal | Annual
Annually Cost and Record Cost Cost
(Ibs) K eeping Costs*
Wastewood | 36,200,000 | $0 $269,750 $1,128 $270,878
Toner and 21,364 $22,880 $3,250 $0 $26,130
Washcoat
Overspray
Toner and 152,886 $163,730 $3,250 $0 $166,980
Washcoat
VOC
Evaporation
Lacquer 21,346 $14,300 $3,250 $0 $17,550
Overspray
Lacquer VOC | 152,866 $102,300 $3,250 $0 $105,550
Evaporation

*Handling labor and record keeping costs have been estimated from experience with other plants
Total Cost Associated with Waste Streams

Table3.3:

Quadity Technica Toolsfor P2

Pareto Chart: Bar graph to Prioritize data
Ishikawa Diagram: Cause and Effect of "Fishbone"

Higtogram: Frequency Digtribution of Data

Scaiter Diagram: Groupings, Bimoddity
Check Sheet: Tabulation of Results

Shewhart Control Chart: Andysis of Variation; Control limits
Stratification of Data

58

Modern Industrial Assessments




EVALUATION OF ENERGY AND WASTE COSTS: FINANCIAL ANALYSS

Satus Waste Stream % of Total Estimated
Handling Annual Costs
Labor and
Record Keeping
Costs*
Landfilled Waste Wooden pdlets 24% $6,168
Waste dry glue 1% $257
Waste wood (pieces) 6% $1,542
Waste cardboard 10% $2,570
Paint Overspray 2% $514
Generd landfill trash 6% $1,542
Recycled Waste metd banding 1% $257
Shipped off- Waste wood (sawdust) 50% $12,850
dteat no cost
Totd = 100% = $25,700

* Percentages based on estimations by plant personnel and staff experience with other plants.

Table3.4:

3.1.3. Electric Bills and Rates

The dructure of eectric bills differ from region to region. Traditiondly, utility companies have

Handling Labor and Record Keeping Costs Breakdown

been regulated by the Public Utility Commisson or Public Utility Board of a particular date of
operation. Approva was needed for any rate change and was subject to reviews confirming the
necessity of such change. The rates reflected the requirement to maintain a sound financia condition of
a utility company and also to pay a “reasonable return” to the shareholders. De-regulaion of the

indudtry islikely to change these structures forever.

The Electric Bill Components

1 Components Of Y our Electric Bill

Customer Charge
Demand Charge
Energy Charge

Reactive Demand Charge

SdesTax

Modern Industrial Assessments
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2. What Is Included In The Customer Charge

Fixed monthly amount
Designed to recover:
Service drop - wires from transformer to connection on building.
Meter.
Billing, credit and collection and related codts.
Customer service - codts to encourage safe, efficient and economica use of eectricity.

3. What IsIncluded In The Demand Charge

Generdly based on highest 15-minute integrated kW consumption. Sometimes “ratcheted” to
represent highest yearly demand.

Designed to recover:
Investments in generating plants.
Invesments in trangmisson sysem - 345,000, 115,000 & 34,500 volt lines and
subgtations.
Invesments in didribution sysem - dl voltages beow 34,500 volts, including
digtribution transformer.

4. What Is Demand )?

A. Assume Fifty (50) - 100 watt light bulbs.
All 50 bulbs are on at the same time.
50 bulbs x 100 watts each = 5000 watts
B. Tota Demand (Load) on System:
5000 watts/1000 = 5 kilowatts (5 kW)

5. What IsIncluded In The Energy Bill
Price per kWh designed to recover:

Variable codts to generate el ectricity

Oil costs

Nuclear fuel cogts

Varies with voltage levels due to losses

(See Electricity section for an example of atypica dectric bill.)
Load Factor is a ussful method of determining if the manufacturer is utilizing their energy consuming

equipment on a leveized bass, or usng the equipment for a short duration, thereby paying a demand
pendty. Thefollowing figures show examples of different loads, and load factor caculations.
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5 kW
o
|
|
Energy =5 kW x 730 hours = 3650 kWh |
|
|
0 Hours per Month 730
50 kW
>
|
|
|
|
|
|
| Energy =50 kW x 73 hours = 3650 kWh
|
|
|
|
|
|
|
0 73 Hours per Month 730

Figure3.1: Reation of Demand (kW) to Energy (kWh)
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5 kW
"
|
3650 kWh |
Load Factor= —————— —=100%
5kW x 730 hours |
|
|
0 Hours per Month 730
50 kW
>
|
|
|
|
|
| 3650 kWh
Load Factor= ——————— =10%
| 50kW x 730 hours
|
|
|
|
|
|
|
0 73 Hours per Month 730

Figure3.2: L oad Factor

Load Factor = kWh used in period / (max kW x hoursin period)
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Elements of a Utility System

Gen.

Transmission 115 kV
\VAVAY

Sub- Transmission 35 kV
\VAVAY

Primary Distribution 4 KV - 13 kV
VWV

L . 120/240 V
Secondary Distribution

Cods vary with the voltage levd.

Figure 3.3: Power Transmission
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SOURCES (kWh) 1997 1973
Coal 50 % 45 %
Nuclear 18 % 5%
Hydro 9% 14 %
Ol 2% 17 %
Naturd Gas 8% 18 %
Non-Utility Generators 12 % na
Other <1% <1%
Tota 100% 100%

source: Monthly Energy Report

What |s The Reactive Demand Charge?

An amount per KVAR of reactive demand in excess of 50% of monthly demand (for example,
LGS is 50% of first 1,000 kW of monthly onpeak kW demand and 25% of dl additiona

monthly on-peak demand).

No kVAR hilling unless power factor below 90% (higher for customers with demands in excess
of 1,000 kW).

Designed to recover the difference of the cost between red power produced and apparent
power consumed.

Sales Tax

If dectricity is used in a manufacturing process, customer can get an exemption for mgority of
sdestaxes. It is advantageous for the community to have the tax incentives in order to preserve
or hdp manufacturing in the area.

3.1.4. Examplesof GasBills and Gas Rates

Unlike eectric charges (discussed in detail in Electricity section), gas utility bills are very smple
to read. Inthefollowing section atypicd example of amonthly gas utility bill is introduced.

Terminology and the Bill

1. The sarvice period on amonthly basis.

2. Therate schedule and terms used.
Gas company rate are based on the following priority schedule:
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- GN-1isfor resdentid and smal industrid users consuming less than 100,00 cubic feet of gas per

day.
- GN-2isfor industrid users consuming over 100,000 cubic feet per day and who have standby

fuel

capebility.

3. Theactud month’s consumption in cubic feet of gas.

- The billing factor isthe actua hest content of the gas (can vary depending on locetion).

- Thefind column isthe amount of therms used for the month.
- Meter units are 100 cu. ft. (i.e., example equals 3,806,000 cu. ft.).

@ Service Period SerVice Address:
06-18-79 | 07-18-79
Rates Therms
GN-1
@ GN-2 17,667
GN-3 22.486
Total 40,153 $9,760.09
@ | e procent | Pierence. || 8 | Therns
40,153
2345678 017920 955080 | 00 | 1085
Our hypotheticd hill isinterpreted as follows:
1. Gasconsumption @ GN-2 rate = 17,667 therms
2. Gas consumption @ GN-3 rate = 22,486 therms
3. Totd gas consumption = 40,153 therms
4. Differencein meter readings = 3,806,000 cu. ft.
5. Btu content of gas = 1,055 Btu/cu. ft.
6. Amount of therms used per month

= (3,806,000 x 1,055) / 1000,000

1 therm = 100,000 Btu

Actua BTUs consumed

Modern Industrial Assessments

= 40,153 therms

= 40,153 x 105 Btu
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In-Plant Metering

The monthly gas hills show how many Btu's have been expended to produce a product, heat a
building, etc. However, the hill does not indicate where the Btu's were used in a particular gas
CONSUMINg Process.

As the naion’s energy requirements grow, industry can expect to pay even more for gas in
future years. Plants that will remain dependent upon gas for their production processes will be placing
even greater emphasis on in-house consarvation efforts in order to achieve maximum production
efficiency from thisincreasngly expensive fud. Cog alocations within departments and fuel surcharges
to customers will become commonplace. Close monitoring of alocated supplies will become a
necessity in energy management.

The basc and most important tool in energy management is an energy monitoring system.
Before energy can be saved, an accurate metering system must be established in the plart to determine
exactly how and in what quantities energy is being used; consderable savings can be redlized dmost
immediady from the data derived from an energy audit using in-plant metering. Gas consumption
monitoring can aso be advantageoudy used to control oven or furnace temperatures and prevent over-
temperature damage.

Measuring fuel consumption aerts maintenance crews to avariety of potentia problems such as.

Lesking fud lines.

Faulty temperature measuring devices.
Faulty relief vaves,

Excessve burner cycling.

Warped furnace doors.

Deteriorating furnace insulation.

A rdatively low cost monitoring device is the “Annubar”. This device is a primary flow sensor
designed to produce a differentia pressure that is proportiond to the flow. The flo-tap annubar can be
inserted and removed from operation without system shut down. It can be interfaced with secondary
devices, a standard flow meter is available for rate of flow indication. It can aso be used as a portable
meter or permanently mounted one. Annubar connected to a differentia pressure transmitter (electric or
pneumatic) is used with a variety of standard secondary equipment for totaling, recording, or controlling
complex systems.

3.1.5. Fud Oil Rates

Fud ail is supplied by a private contractor. The price is negotiated before the season or period
of interest to both parties. The supplier is obligated to provide the ail to the customer for an agreed
upon period (typicaly ayear). The priceisfixed for an estimated amount of consumption and provides
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for an adjusment if supplier’s cogts change during the period. The supplying company might require a
minimum purchase, called “dlotment”, in order to maintain the required service as well asthe price. Itis
noteworthy to point out that some customers may decide to burn more fuel than necessary for the
operations just to preserve their pricing.

The norma way of cacuaing the average cost of oil is Smply the total money spent divided by
volume purchased.

In the United States three types of fuel are available. The most expensive oil isNo. 2, 138 000
Btwgdlon. A little chegper option is No. 4, 142 000 to 145 000 Btu/gallon and the cheapest is No 6,
149 690 Btu/gdlon. It isimportant to keep in mind that the fuels are not interchangesble because the
combustion equipment is designed for only one type of fue. Different fuels dso have to be handled
differently, for example No. 6 fud requires hesgting to flow. A very detaled information about
equipment, characterigtics of fud oils and exact Btu content is available from individud suppliers.

The Fuel-Adjustment Charge

The fud-adjustment change permits the utility companies to adjust the total cost for producing
electricity due to increased fudl costs, without making arequest for arate increase.

3.2. METHODSFOR ENERGY AND WASTE

Energy or wadgte cogts savings can be caculated in many different ways. Which is the most
appropriate model sometimes depends on the level of detail desired, tax structure of the state or service
charge dtructures of utility or waste remova company. The proper model has to be carefully selected
and an assessment team member must know why a particular method was employed. If smplifications
are made, they have to be justifigble.

3.2.1. Estimatesof Project Costs

Codt edtimates for energy or waste reduction projects do not differ much from any other cost
estimates for engineering projects. The regular cost estimating procedures will prove adequate. The
usud way of employing sandard engineering data, using avalable cataogues or books (Means
Condgtruction Cogt Data or Dodge Unit Cost Data for example), obtaining estimates from contractors
and manufacturers or recommended consulting firms are al legitimate means for getting the information
necessary to make a qudified decison about an energy or waste savings measure.

A detailed flowchart of activitiesinvolved and bill of materids required is the best starting point.

The more detail provided before beginning the work the better chance for success for the whole
enterprise.  If the project is not wel defined, flexibility must be dlowed for contingencies and
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unexpected complications. Also, contractors can be much more specific thus more redistic with their
proposas. Not negligibleisthe fact that the cost can by aso better tracked by the customer.

One of the most important factors during the proposa process clearly lies in the ability to
demondtrate the benefit of proposed changes. Characteridticaly, the most important reveation liesin
an attractive rate of return, return on investment or smple payback period. Fiscd data gathered and
presented must represent reasonable forecasts of the cause and effect relaionship from implementing
energy, waste or production recommendations. Accurate forecasts, however, are not easy to come by
but may be reasonably defended if the typical data calculations include ratios, percentages and logicaly
estimated vaues as in the case of price projections. The assessor is urged to exercise extreme caution
when prognogticating fluctuations in inflation, materid and labor cogts while calculaing implementation
vaues. While difficult for persons new to on dte indudtrid assessments, experience provides vauable
educationd lessons as confidence grows during these excursons by the engineer into the financid world.

3.2.2. Payback Periods

Aswith most company decisons, an energy project’ s feashility will be evaluated in conjunction
with its financid impact. Payback period caculation provides a quick feashility andysis and for that
reason occupies status known as “common practice’. More sophigticated analysis should be employed
if either greater detall requirements indicate or the assessor believes smple payback to be inadequate
for decison making under particular circumstances.

Waste Minimization AR WriteUp Example for Cardboard Recycling

Current Practice and Observations

A subgantial amount of corrugated cardboard is generated by packaging of incoming raw-
materids, supplies, and other parts used in the manufacturing process. Cardboard waste is not currently
being segregated and recycled. It is digposed with other solid waste and hauled to the municipa landfill.
The estimated amount of cardboard generated at this facility is 15% of the totd solid trash volume. This
edimate is based on observation of the dumpsters. The annua volume of trash hauled to the landfill is
about 4,000 cubic yards per year as determined from the trash bills. The hills dso indicate a unit
disposal cost of $2 per cubic yard.

Recommended Action
A recycling program for corrugated cardboard should be implemented. Segregate the
cardboard into a separate dumpster and deliver it to arecycling center.

Anticipated Savings
The annud solid waste volume reduction and the estimated annua solid waste savings are
caculated asfollows:
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SWRV =PCx CTV
SWS=SWRV x UCD

where:
SWS = Solid waste savings, $yr
PC = percent of solid waste which is cardboard, 15% (estimated)
CTv = Current annud solid waste volume, 4,000 yd3/yr
UCD = Unit cost of solid waste disposdl, 2 $yd®.
SWRYV = Solid Waste Volume Reduction, yd*/yr
SWRV = 0.15 x 4,000 yd®yr = 600 yd®/yr
SWS =600 yd3yr x 2 $lyd®=$1,200/yr
Implementation

The cost of recycling the cardboard is based on discussions with a waste management
company. The cost to haul one 30 cubic yard dumpster to a recycling center, dump it, and return the
dumpster is estimated as $165 per trip. The recycling center pays about $55 per ton of cardboard and
a 30 cubic yard dumpster holds about 3 tons of cardboard if the boxes are broken down flat. The cost
of hauling is thus equd to the recycle credit. The only other requirement is that plant personne
responsible for solid waste remova to the dumpster must be trained to separate out the cardboard and
break down the boxes.

There is no associated implementation cost and the payback isimmediate.

S mple Payback = immediate

3.2.3. Methodsfor Financing Conservation Projects

Energy conservation and pollution prevention projects, as with al projects proposed, indicate
andydis requirements pertaining to cost and financid implications. Company management as a matter of
course determine a set of parameters or benchmarks which have to be met for project approval. Upon
passing the initid hurdle (perhaps by achieving the smple payback gods), projects move to the next tier
and subjection to further scrutiny along with other plans up for adoption for ranking in order of greatest
financid potential.

Capital Budget

Probably the most common form of financing conservation, minimization or prevention projects
requires a charge to the company’s capital budget. These projects compete equally with other pending
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projects for available funds. Project acceptance occurs when the defined set of financia indicators
(typicdly financid ratios) falsin line with corporate policy. Financid return examination requires a most
advantageous outlook but, if found acceptable, project funding through capital budgeting risks little more
than the origina principa. The best possible cash flow continues as there is no repayment of loans and
no future obligation of capitdl. If the project fails to achieve the expected gods, the company may suffer
dightly in profit/loss accounting but only for the year of the cash outlay. Subsequent years profits
remain unaffected.

Leveraged Purchase

Borrowing money = maximum risk incurred = paying later for current expenditures = corporate
debt secured from banks or other financid inditutions. Maximum risk because the loan security equals
the financid credit of the borrower. Less than expected return requires the money be made up from
corporate resources for the entire term of the debt. Indebtedness must be reported on financia
datements and the company benefits from limited tax advantages as only the loan interest is tax-
deductible.

Leasing

An energy or waste project can be leased instead of being purchased. The smplest way is just
inthe form of arenta. A lessee pays alessor an agreed upon sum of money for the use of the project.
The savings should, of course, exceed the rent and therefore the | essee experiences a postive cash flow.
The leasing does not have full tax deduction.

Shared Savings

An energy service company supplies, indals and maintains the energy project for which it
shares project’s savings with the client. There is no cash investment on pat of the buyer, no
maintenance cost associated with the project and the podtive cash flow is immediate. There is a tax
advantage in this scenario.

3.2.4. Comprehensve Smulated Assessment

Client Sdection: Waste-Related Issues (if industrial assessment)
Energy and Waste- Related Information and Data

Process FHow Diagram

Preparations for Plant Vit

Braingorming: ldeas, Data Needed

Andyss

70 Modern Industrial Assessments



EVALUATION OF ENERGY AND WASTE COSTS: METHODS FOR ENERGY AND WASTE

Assessment Recommendations

Client Salection: Waste-Related |ssues

Hazardous Waste: How much is generated?
Generator Status: Wheat are the costs?
Current Waste Storage
Activities Trestment
Disposa
Tracking and Reporting
In-House Expertise: Most smdl plants have part-time hazardous waste part-time person
Potential for Successful
Outcome: Client's motivation regarding pollution prevention policy measures

Already tried/implemented involvement with production
Specific problems/concerns relationship with regulators,
accessto facilities, data

Educationd: Qudity of learning experience

Energy and Waste Related Information and Data

Products:. Coated meta and pladtic parts
Electricd and Gas Bills app. $100,000/yr
Raw Materids. Paints, Coating, Solvents, Reagents, Parts
Wastes: 610,000 gal/yr Waste Water
660 ga/yr MEK (Haz)
40 gd/yr Paint Wastes (Haz)

1,290 Iblyr Solvent Air Emissions

300 Iblyr Paint Booth Filters
Waste Costs: Approximately $15,000/yr
Already Implemented: OneHVLP Paint Gun

Flow Reducers Flowing Rinses

Preparations for Plant Visit

Request: Electric bills, water and sawer hills, gas hills, hazardous waste manifests and
invoices, paint and solvent purchase records POTW agreement.

Personnd: John A Group Leader
John B Group Leader Assgtant
John C Team Member
John D Team Member
John E Team Member
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Review: Paint application technology safe solvent product filesiron
phosphating process chromate conversion process enclosed paint
gun washer file solvent recovery unit file,

Discuss: Safety issues, equipment needs.
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Process Flow Diagram

Steel Parts
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Aluminum Parts
From
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COATING
® Alkaline Cleaner . ¢ Alkaline Cleaner
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« Iron Phosphating Sewer' as * Desmut
e Rinse Industrial « Chromating
¢ Seal Rinse Waste Water * Rinse
Tanks Heated Rinse Water Tanks Heated
By Steam From By Steam From
Gas-Fired Boiler Gas-Fired Boiler
PAINTING <— Plastic Parts
From
Customers
. Coating Application ——> Evaporated
Electricity Solvents
for Compressed e Specialty Coati
- > pecialty Coatings
AII" Eghausts and e Solvent-Based Paints —> Waste
Painting Robots e Powder-Based Paints Solvent
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- >
Ovens and Dry
Offsite
Incineration as
Alternative
Packaging Cement Kiln Fuel

Coated Parts
Returned to
Customer
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Brainstorming: Energy and Waste Reduction

IDEA DATA
Use Energy Efficient Lights Manufacturer’ s data
Insulate Steam Pipes Cdculations and manufacturer’ s data
Adjust Bailer Air/fud Ratio Measurements
HVLP Paint Guns Paint consumption, costs
Solvent Recovery Unit Spent solvent volume,

Purchase and disposal costs

Replace MEK Spent MEK volume, Purchase,
Disposal, Replacement costs

Reduce Dragout Observation of line operations,
Edtimates for dragout volumes
Invoices for Reagent amounts and
costs

Reduce Water Consumption Water and sewer hills, determine
locations for additiond flow
regulation, Interviews

Analysis of Waste Recommendations

HVLP Paint Guns

Replace five conventiond paint guns with higher transfer efficiency HVLP paint gins. Paint
transfer efficiency improves from 30% to 55%

PR = Reduction in paint consumed = 80 ga/yr

MR = Reduction in mixing materias consumed = 30 gd/yr
UPC = Average Paint Cost = $35.60/gal

UMC = Average Mixing Materid Cost = $26.90/gd

PFS = Paint Booth Filter Savings = $1,450/yr

Savings = S= (PR)(UPC) + (MR)(UMC) + PFS
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S = (80)(35.60) + (30)(16.90) + 1,450

S= $4,805/yr

Implementation Cost: $400/HVLP Paint Gun

IC = (5)(400) = $2,000 Payback = 2,000/4,805 = 0.42 yr

Solvent Recovery Unit

Didill and reuse parts cleaning solvent, MEK. The recovery factor for acommercid,

15 gd unitis 75%.

Current waste generation and costs

Volume spent MEK currently generated = 660 ga/yr
PC = MEK purchase cost = $3.15/gal

DC = Waste MEK disposal cost = $3.63 ga

CAC = Current annua costs = (660)(3.15 + 3.63)
CAC=%$4,475

Projected costs with solvent recovery unit

NB = Number of batches = 660/15 = 44/yr

CW = Cooling water required = 4,620 gal/yr

WC = Water cost = $10/yr

EC = Electrica cost = $40/yr

LC = Labor cost = $550/yr

LNC = Boiler liner cost = $132/yr

SBDC = Still bottoms disposal cost increment = $2.91/gdl
EPC = Equipment purchase cost = $6,700

EIC = Equipment ingdlation cost

WPC = Waste Profile cost

OC = Annual operating cost = 10 + 40 + 550 + 132 +480
OC = $1,212/yr
Annud Savings

S=(0.75)(4,475) - 1,212 = $2,144/yr

Implementation Costs
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IC =6,700 + 200 + 300 = $7,200
Simple Payback Period
P=1C/IS=7,200/2,144 = 3.4 yr

Replace MEK for Cleaning Parts

Replace MEK with a less hazardous parts cleaning solvent. The replacement is a hydrocarbon
blend with lower vapor pressure and higher flash point. A dedicated parts cleaning appliance will be
required. Periodic solvent addition and recharging will be needed.

Current Waste Generation and Costs

Volume of spent MEK currently generated = 660 ga/yr

MEK purchase cost = $3.15/gal

Waste MEK disposal cost = $3.63/gal

Projected Annua Costs

Dragout, evaporation, and annua 5 gd recharge:

(et. 0.25 gd/mo)(12 molyr) + 5 ga/yr = 8 gd/yr

(8 gd/yr)($19.60/yr) = $157/yr

Raw Materid Savings
RMS = (660)(3.15) - 157 = $1,922/yr

Waste Disposa Savings
WDS = (660)(3.63) = $2,396/yr

Tota Savings
S=RMS+WDS=1,922 + 2,396 = $4,318/yr
Implementation

30 gal UNIT: $1,300 Freight: $150
Ingallation  $1,200

|C = Implementation cost = 1,300 + 1,200 + 150 = $2,650
Simple Payback Period = 2,650/4,318 = 0.6 yr (7.3 mo)
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Summary of Assessment Recommendations

ASSESSMENT ANNUAL IMPLEMENTATION | PAYBACK
RECOMMENDATION | SAVINGS COSsT PERIOD
1. Effident lighting $3,480/yr $3,320 10yr
2. Insulate team $270 $270 10yr
pipes
3. Adjust boiler aff $220/yr $750 34yr
ASSESSMENT ANNUAL IMPLEMENTATION PAYBACK
RECOMMENDATION SAVINGS COST PERIOD
4. HVLP pant guns $4,805/yr $2,000 04yr
5. Solvent recovery $2,1441yr $7,200 3.4yr
unit
6. Replace MEK $4,318/yr $1,450 0.3yr

Additiona Measure Considered

Ingal endosad paint gun cleaning unit.

Advantage: Reduce solvent consumption
Disadvantage: 8.3 payback period
REFERENCES
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4 ELECTRICITY

4.1. ELECTRIC ENERGY

4.1.1. Definitions

In the following sections reference will be made to various terms;, to enable a better
undergtanding, the following identification is provided:

Ampere (Current):
Coulomb (Quantity):

Farad (Capacitance):

Joule (Energy):

The ampere, therate of flow of aunvarying eectric current.
The quantity of dectricity conveyed by one ampere flowing for one second.

The farad is the eectrogtatic cagpacitance which will hold a charge at a pressure
of onevolt.

The joule is the energy conveyed by one waett during one second, the kilowatt
hour (kWh) is one kilowatt hour flowing for one hour.

Voltage (Difference in Electricd Potentid): The difference in eectricd potentid between two points in

Volt - Ampere:

Watt (Power):

4.1.2. Introduction

the circuit indicated the energy required to move charge from one point to
another (1 Volt = 1 Joule/coulumb). One volt is required to produce one
ampere in aresistance of one ohm. 1 kilovolt (kV) = 1,000 valts.

The product of the rated load amperes and the rated range of regulation in
kilovolts (kVA).

The wat is the power generated by a steady current of one ampere a a
pressure of one volt. The kilowatt (kW) = 1,000 watts. One horsepower =
746 watts.

Listed below are five basic ways to reduce dectric costs. Of these, only the firg involves a
reduction in energy consumption while the remainder detail some specid Stuations not directly related to
the quantity of ectricity consumed but rather the cost of consumption.

gk owbdpE

Reduce Electrical Uses.
Power Factor Improvements.
Load Factor Improvements.
Electric Billing Veification.
Rate Structure Corrections.
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4.1.3. ReduceElectrical Use

The detailed use of dectricity will be discussed under the separate sections in this manud, but
the conservation message can never be delivered too many times. Basicaly, eectricity should be
conserved, like any other resource, and not wasted, as in the smple but common example of lights or
equipment consuming energy during periods when rooms reman unoccupied or production lines
experience downtime. Corrective action requires cognizant, conscientious employees cooperating with
energy- minded management to identify aress of waste and suggest conservation practices.

Distribution System

The éectrica power digtribution system, from the source to utilization points, conssts of eectric
lines of varying szes, switches and circuit breskers desgned for maximum carrying capacity,
transformers and protective equipment. As related to the tota consumption at any industrid plant, this
system usudly involves losses of 3 percent or less. Consequently, rarely does any practicd savings
potentia in transmisson systems gppear to warrant investment in conservetion.

The voltage in an éectric circuit will drop in proportion to the circuit resstance. Resstance
varies with wire sze, temperature and metallic material.  Thus, as conductor losses increase, current
necessary to ddiver a given amount of power increases a any point in the circuit as power derives from
the product of the voltage and current. This principle applies likewise to switches, circuit bregkers, and
protective equipment.

The question of energy conservation possibilities should be examined in rdaion to the individud
components in the sysem. In the case of the transmisson lines it can be shown that doubling the
conductor sizes reduces resstance losses by 75 percent; however, usudly savings do not judify the
expense as conductor cost related to the total eectric investment comes to about 10 percent. Because
doubling the conductor sizes essentidly doubles cogt, the savings potential deserves little attention.

As previoudy mentioned, energy losses from switches, circuit breskers, and protective
equipment aso deserve minimd atention as replacement with more energy-efficient devices equdizes
costs with benefits. However, in the case of defective contacts or other parts, malfunction may cause
overheating and imminent falure of the part(S) causng an outage. Monitoring and inspection to
diagnose abnormdly high temperature operation of these items will help prevent costly power outages
and subsequent downtime.  Replacement with more energy efficient devices when falure occurs
incrementaly improves energy conserveion with little or no expense over normd, less efficient
practices. To sum up, the digribution system will offer few opportunities unless monitoring and
replacement of parts before failure practices are observed saving on future eectricity costs and
preventing expensve downtime.

Trandformers do represent an area of potentid savings during the condition of lightly loaded
equipment. Shrinking loads or incorrectly forecasted plant expangons often manifest themsalves during

80 Modern Industrial Assessments



ELECTRICITY:ELECTRIC ENERGY

transformer examination by the industrial assessor.  Unloaded motors incur no-load losses continualy,
as do transformers, dthough newer mode transformers adjust based upon loading conditions. Older
transforms incur continua power 1osses on the basis of full-load rating, not that of the load served and
the indugtriad assessor investigates the possibilities of redistributing existing loads to permit scrapping of
under-loaded transformers.  Implementation decisons must dlow favorable comparison of the cost of
both ingaling new connecting cables and disposd of existing equipment with power savings from the
dimination of no-load transformer losses. For the case involving older transformers disposal cost
should be compared with not removing the equipment, later remova and future growth of waste
disposa cogts, and the cost of emergency disposd if an exploson damages the transformer. Close
examination of the materids within the trandformers for hazardous and poisonous substances for
incluson in the energy conservation and pollution prevention write-up will help present the entire picture
and conseguence scenario to the client.

Use of Electricity in the Industry

Electricd energy use, commonly found in the following sysems and operations, presents
sgnificant opportunities for exploration during the industria assessment:

Mixing operations

Mélting and refining metalic and non-metalic materids
Holding molten materid

Materia Transportation

Cleaning and finishing (air compressors)
Miscellaneous assembly equipment
Computers and other controls

Materid handling

Packaging operations

Environmental controls

Lighting

Hesting, Ventilation, and Air Conditioning

41.4. Power Factor

Power factor quantifies the reaction of dternaing current (AC) dectricity to various types of
electricd loads. Inductive loads, as found in motors, drives and fluorescent lamp bdlast, cause the
voltage and current to shift out of phase. Electrica utilities must then supply additiona power, measured
in kilovolt-amps (kVA), to compensate for phase shifting. To see why, power must be examined as a
combination of two individua eements. The total power requirement can be broken down into the
resstive, dso known as the real component, and reactive component. Useful work performance comes
from the resstive component, measured in kilowatts (kW) by watt meter. The reactive component,
measured in reective kilovolt-amps (KVAR), represents current needed to produce the magnetic field
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for the operation of a motor, drive or other inductive device but performs no useful work, does not
regiser on measurement equipment such as the watt meter.  The reactive component significantly
contributes to the undesirable hegting of dectrical generation and transmisson equipment formulating
red power lossesto the utility.

Power factor derives from the ratio of real, usable power (kW), to apparent power (kVAR).
During the industrid assessment recommendations toward reduction of the power factor in fact indicate
reduction of reactive losses. To accomplish this god, the indudtriad dectricity user must increase the
power factor to a value as close to unity as practical for the entire facility. The supplying utility should
be consulted for the determination of the requisite amount of capacitance necessary for correction to the
desired power factor. The number in the table is multiplied by the current demand (kW) to get the
amount of capacitors (KVAR) needed to correct from the exigting to the desired power factor.
Mathematically, power factor is expressed as

F:k_W
kVA

Power factor can dso be defined as the mathematica factor by which the apparent power is
multiplied in order to obtain active power.

Existing

v
Capacitor Correction

kKVAR

<
T~

=<
<
>
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o
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Figure4.l: Components of Electrical Power
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Example: Consider a 480 volt 3phase system with an assumed load and insrument readings as
follows: the ammeter indicates 200 amps and wattmeter reads 120 kW. The power factor of the load
can be expressed as follows:

The apparent power for a 3-phase circuit is given by the expresson

_E’ 17 43 _ 480volts’ 20amps” 1.73

= = 290.6kVA
1000 1000

Therefore

kVA  290.6

From the above example it is gpparent that by the decreasing power drawn from the line (kVA) the
power factor can be increased.

Power Factor |mprovement

Preventive measures involve sdecting high-power-factor equipment.  For example, when
congdering lighting, only high-power factor balast should be used for fluorescent and high-intengty
discharge (HID) lighting. Power factor of so-cdled normd-power factor balast is notorioudy low, on
the order of 40 to 55 percent.

When induction motors are being sdlected, the manufacturer’s motor data should be
investigated to determine the motor power factor a full load. In the past few years, some motor
manufacturers have introduced premium lines of high-effidency, high-power-factor motors. In some
cases, the savings on power factor done can judtify the premium prices charged for such motors.
Motors should aso be sized to operate as closdy as possible to full load, because power factor of an
induction motor suffers severdy at light loads. Power factor decreases because the inductive
component of current that provides the magnetizing force, necessary for motor operation, remain
virtudly congtant from no load to full load, but the in-phase current component that actually ddivers
work varies amos directly with motor loading.

Corrective measures for poor power factor involve cancding the lagging current component
with current that leads the gpplied voltage. This cancdlation can be done with power-factor-
improvement capacitors, or by using synchronous motors. Capacitors have the effect of absorbing
reactive current on a one-to-one basis, because dmogt al of the current flowing through a capacitor
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leads the applied voltage by 90 degrees. A capacitor rated at 100 kilovolt-amperes capacitive (kVAC)
will, therefore cancd 100 kilovolt-amperes reactive (KVAR).

Synchronous motors provide an effective method of improving power factor because they can
be operated at leading power factor. Moreover, power factor of a synchronous motor to serve aload
with actua power requirements of 1,000 kW, improves power factor on the load center from 80
percent to 89 percent. This improvement at the load center contributes to an improvement in overal
plant power factor, thereby reducing the power factor pendty on the plant eectric bill. The burden on
the load center, plant digtribution system, and entire eectric-utility sysem is 400 kVA less then if an
induction motor with a power factor of 85 percent were used. Power factor can be improved still more
by operating the synchronous motor at leading power factor.

The Table 4.1 can be also used to determine the amount of capacitors needed to correct a
power factor. The required amount of capacitors needed in (kVAR) can be determined from:
kVAR=D x CF
where

D = maximum annud demand, KW

CF = correction factor

EXISTING
POWER NEW POWER FACTOR
FACTOR
1.00 0.95 0.90 0.85 0.80 0.75
0.66 1.138 0.810 0.654 0.519 0.388 0.256
0.68 1.078 0.750 0.594 0.459 0.328 0.196
0.70 1.020 0.692 0.536 0.400 0.270 0.138
0.72 0.964 0.635 0.480 0.344 0.214 0.082
0.74 0.909 0.580 0.425 0.289 0.159 0.027
0.76 0.855 0.526 0.371 0.235 0.105
0.78 0.802 0.474 0.318 0.183 0.052
0.80 0.750 0.421 0.266 0.130
0.82 0.698 0.369 0.214 0.078
0.84 0.646 0.317 0.162 0.026
0.86 0.593 0.265 0.109
0.88 0.540 0.211 0.055
0.90 0.484 0.156
0.92 0.426 0.097
0.94 0.363 0.034
0.96 0.292
0.98 0.203
0.99 0.142
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Table4.1: Power Factor Correction

General Considerations for Power Factor Improvements

Poor power factor pendizes the user in three ways.

1. It robs the digtribution syslem d capacity that could be used to handle the work-performing
load.

2. It resultsin currents higher than necessary to perform a given job, thereby contributing to higher
voltage drop and eectrica system losses.

3. It canresult in dectric power billing pendties depending on the schedule terms.

A plant’s power factor pendty can be determined from the monthly utility bills. The method of
billing for low power factor varies widely among utilities. Often no pendty isimposed unless the power
factor fals below a certain minimum, typicaly 85 percent to 90 percent. In other Situations, a pendty is
involved for any reduction below 100 percent. For this reason, each rate schedule must be studied
separately to determine the potential savings involved for improving power factor.

Some equipment, such as high power factor lighting balasts or synchronous motors, has
inherent power factor improvement. With other equipment, notably induction motors, power factor isa
function of the mode of operation. Operation of an induction motor below full load will sgnificantly
reduce the power factor of the motor. Therefore, motors should be operated close to full load for the
best power factor. Power factor also becomes progressively lower for dower speed motors. For
example, the decline in power factor below 90 percent for a 1,200-rpm motor is 1.5 times greater than
for an 1,800-rpm motor; for a 900-rpm motor, the decrease is more than double that for an 1,800-rpm
motor.

The use of power factor improvement capacitors is the smplest and most direct method of
power factor improvement. Capacitors can be bought in blocks and combined to provide the required
amount of capacitive reactance or individual capacitors can be inddled a each motor. Capacitors
already in use should be checked annualy to ensure al units are operating. Inoperdtive capacitors
negate the power factor improvement for which their ingalation was intended. Diminishing returns are
realized as power factor approaches 100 percent. Generaly, 95 percent (based on norma full load) is
the economic break-even point in a power factor improvement program; up to this point, improvements
usudly show agood return on investment.

4.1.5. Electrical Demand / Load Factor | mprovement

The plant’s load factor should be andyzed to determine the opportunity for improvement. Load
factor improvement is synonymous with demand control.

Modern Industrial Assessments 85



ELECTRICITY: ELECTRIC ENERGY

Potential Savings

The potentid savings for demand limiting depends on such factors as

* Theplant’sprofile (Variationsin kW demand.)
» Theavailahility of sheddable loads
* Therate schedule

Together these factors determine the relative importance of the demand charge to the plant’'s
total dectric bill. Controlling demand becomes more important if the schedule includes a ratchet dause
that involves payment based on the highest peak occurring in the previous 12 months.

Definition

Load factor is the ratio of the average kilowatt load over a hilling period to the peak demand.
For example, if a facility consumed 800,000 kWh during a 30-day hilling period and had a pesk
demand of 2,000 kW, the load factor is:
Load Factor = (800,000 kWh/720 hrs) / 2,000 kW = 0.55 or 55%

A high-load factor usudly indicates that less opportunity exists for improvement because the load is
dready relatively condant.

System Analysis

The user will obtain the lowest eectric cost by operating as close to a constant load as possible
(load factor 100 percent). The closer a plant can approach this idea Stuation, the lower the monthly
demand charge will be. The key to a high-load factor and corresponding lower demand charge is to
even out the peaks and valeys of energy consumption.

To andyze the opportunity for demand reduction, it is necessary to obtain data on the plant’s
demand profile. The demand profile is best obtained from the utility’s record of the kW demand for
each 15 or 30-minute interva. If no demand recording is made as a routine part of the hilling
procedure, the utility will usudly ingal an insgrument temporarily to provide the cusomer with this
information. A plot of this data will show the extent of the pesks and valeys and indicate the potentid
for the limiting demand. If sharp pesks or an unusudly high demand for one shift or short period occur,
the opportunity for demand control should be investigated further. If the demand curve is rdatively
leve, little opportunity exigts for reducing demand charges by peak shaving. In order to level out peaks
in the demand profile, it is necessary to reduce loads at these times. Consequently it is necessary to
identify the various loads that could be reduced during periods of high demand. The mgor users of
eectricity will provide the mogt likdly sources for limiting demand. Accordingly, a list of the largest
users, their loads, and their operating schedules should be prepared. The smaller loads can be ignored

86 Modern Industrial Assessments



ELECTRICITY:ELECTRIC ENERGY

as they will not be adle to affect the demand materidly. An examingion of this list will often suggest
which loads do contribute or are likely to peak demands. When the load pattern is not easly
determined, a recording wattmeter can be ingtaled at individua loads to provide a more detailed record
of load variations.

Ways to Reduce Demand

Congderation of demand control often begins with automatic demand controllers. However,
severa other approaches should be considered first.

Stagger Start-Up Loads:

If ahigh-peak load is determined to result from the smultaneous start-up of severa loads, such as
might occur a the beginning of a shift, congderation can be given to staggering dart-up of
equipment to gpan two or more demand intervals.

Reschedule Loads:

Peak demands are usudly edtablished a particular times during the day shift. A review of the
operating schedule may show individua loads can be rescheduled to other times or shifts to even
out demand. This technique can provide dgnificant gains a little or no cost. For example,
operation of an eectric oven might be rescheduled to the evening shift if the oven is not needed full-
time. Another example is conducting routine testing of the fire pump during periods when pesk
demands are not likely to occur.

Increase Locd Plant Generation:

When some electricity is generated by the plant, plant generation can be temporarily increased to
limit demand. In some cases, any venting of excess low-pressure steam from the turbo-generator
for short periods may represent alesser pendty than the increased demand charge.

Ingall Automatic Demand Control:

After an invedtigation has been made of the above approaches, if an application for automatic
demand control still gppears to exist, a more detailed andysis of conditions should be made. The
minimum peak demand that can be established will depend on the downtime that is acceptable
without causing undue interference with normal operations and the available sheddable |oad.

To determine the extent of downtime necessary to achieve a given kW reduction, it is necessary
to tabulate the Sze and frequency of pesk demands. A sufficient number of months should be amilarly
studied to develop a representative profile. Seasona or production variations may aso exist dthough it
islikely the variationsin pesk demands will remain rdaively the same.

A suggested method of andysis is to tabulate the 10 to 20 highest peak demands occurring
during a typica month in descending order, as shown in the example given in Table 4.2. In this case,
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limiting the demand to the lowest vaue shown (5,990 kW) would reduce the eectrica demand by 330
kW. The monthly saving based on $9.40/kW would be $3,100, or on an annua basis, $37,200.

kW Above
Date Time kW 5990
May 10 10:00 am. | 6320 330
May 24 10:30 am. | 6220 230
May 14 11:00 am. | 6145 155
May 5 1:30 p.m. | 6095 105
May 20 2:30 p.m. | 6055 65
May 15 10:30 am. | 6025 35
May 15 10:00 am. | 6010 20
May 8 2:00 p.m. | 6000 10
May 9 2:.00 p.m. | 5995 5
May 13 1:30 p.m. | 5995 5
May 5 2:00 p.m. | 5990 --

Table4.2: Highest Demands for Hypothetical Billing Period of May

To effect this reduction requires a tota sheddable load of at least 330 kW. If additiona
sheddable loads are available, a greater reduction in peak demand can be considered. It should be
noted that the task of eiminating a peak becomes progressvely harder as the demand limit is set lower
because the frequency of the pesks increases. For example, limiting the demand to 6,220 kW for a
reduction of 100 kW from the peak demand requires shedding a total of 960 kW for 30 minutes over
10 separate occasions. In other words, in the second case it was necessary to shed aload almost three
times longer for an equivdent reduction in demand. As further limiting of demand is dtempted,
progressively longer periods of equipment outage are required. A point is eventudly reached where the
interference with normal operation outwel ghs the benefits or no more sheddable loads are available.

To determine the sheddable loads, review the list of the larger dectricd loads which have
aready been identified. These loads should be divided into two mgjor categories.

1. Essentid: Loads that are essentid to mantain production or safety.
Unscheduled shutdowns on these loads cannot be tolerated.

2. Nonessentid or sheddable: Loads in this category can be shut down temporarily
without Sgnificantly affecting operations or worker comfort. Examples of such
loads are air conditioning, exhaust and intake fans, chillers and compressors,
water heaters, and battery charges. Electric water heaters represent aload that
can usualy be shed.
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The practical extent of pesk shaving can now be determined based on the schedule of
sheddable loads and the pattern of peak demands. The number and type of loads to be controlled will
determine the type of demand controller needed. Automatic demand controllers are offered in a wide
range of prices from severa thousand dollars to tens of thousands of dollars. For different applications,
the more sophisticated controllers may be necessary. For norma demand control, the less expensive
controllers will be more than adequate.

Annua savings can be caculated and compared to the codts of ingaling a demand control
system. As part of the inddlation, demand contrallers will require a pulse sgnd from the utility to
synchronize the utility’ s demand interva with the demand controller’s.

4.1.6. Reading the Bill

The cost of purchasng dectrical power from utility companies is derived from four mgor
factors, energy charge, fudl-adjustment charge, demand charge, and low power factor pendlty.

Other incidenta items which will affect the power charges are character of service, service
voltage, and equipment charges. These are fixed charges.

Example of a Typical Electric Bill

Billing
Demand: 3840 @ Kilowatt-Hour Meter No. Kilowatt-Hour Meter No.

Service Readings Service Readings
Frlom To| From _To Kwh Frlom To| From _To Kwh
o 05 24(06, 25| 1352 | 1415 | 756,000 |[[05, 24|06 25| 0941 | 0981 | 480,000

Billing kvARh || I | |
Constants: 12000 12000 @ | @ @ | @

Maximum

Demand: 3840 @ Total kWh 756,000 Year 1979 Total KVARh 480,000
Reactive 2438 @ Rate Schedule
Demand: @ Incl. State Tax @ 1 Cent/100 kWh A-7 @

Demand Customer or .
Service Charge: 3,615.70 e
Energy Charge: @ 29,010.33

Gross Bill: 32,626.03

Voltage Discount: 706.77 Cr.

Power Factor @ _
Adjustment: 266.38 Cr. Previous Balance
— Deposit Refund

@ Net Bill: @ 31,652.88 Amount Due: 31,652.88

Service Address
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1. Theutility rate schedule A-7 isthe key to andyzing the dectric bill. 1t isnormally included as part of
the contract.

2. The energy used expressed in kilowatt- hours (kWh) is determined by the difference of two monthly
meter readings times the billing congant (2A). The hilling congtants (2A) and (3A) are ds0
described as “Meter Multipliers’. They are determined by the product of the current and potentid
transformer ratios ingtalled at the particular location.

3. The reactive power used, sometimes called “wattless power”, expressed reactive kilowatt ampere
hours (kVARN) is determined from a separate reactive meter smilar to the kWh meter (2) above.

4. The maximum demand in kilowatts for the current month is read from a separate register on the
kWh meter. The vdue is the largest quantity of kilowaits consumed during a time interva
prescribed in the contract.

5. Thereactive demand in kVAR is cdculated from the formulakVAR = kW (kVARWKWHh).

6. The billing demand is the average of the maximum demand for the past 11 months and the current
month's demand. The minimum is haf of the past 11- month value.

7. Date and time span of the current hilling.

8. The sarvice charge, as specified in the rate schedule, is based on the billing demand item 6 and the
sarvice charge, is dso used as the minimum billing if the energy usage fdlsto alow vaue.

9. The dectricad energy charge is based on the kilowatt hours used as shown in item (2). Certain
adjustments are made to the energy charge determined from the meter readings as follows:

a) Energy cos adjustment known as“ECAC” varies with the change in fud codt to the utility.
b) Fue baancefactor isusudly acredit.

¢) Load management factor.

d) Statetax asindicated on the monthly hill.

10. The gross bill isthe summation of items (8) and (9).

11. The voltage dscount is available for services that are metered on the high voltage or primary side of
the power company transformer. This discount is made to compensate for the utility transformer
losses which are now included initem (2).

12. The power factor adjustment may be a pendty or a discount depending on the amount of reactive

power, item (3), required by a plant. Power factor is defined as the ratio of the kW to kVA,
sometimes stated as the ratio of “rea power to the apparent power’. Thisvaueis not read directly
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from the utility meters but must be caculated. A smpler method, usng a hand cadculator, isto solve
asaright angle triangle where power factor (PF) is:

- _ kW __kwh

kVA  RkVAh

(kvAh)? = (kwh)? + (RkVAh)?
Thismonth's

oF = 756000 084
/(7560007 + (480000)?

%PF = 100 x 0.844 = 84.4% Power Factor

On this rate schedule a power factor over 70.7% provides a credit; below a penaty, however,
other utilities may use a different break even point - 85% is used by many.

13. City tax where applicable.

14. Net hill is the summeation of al of the above charges, adjustments and crediits.

4.1.7. TheEnergy Charge

Energy charge is based on the number of kilowait hours (kwWh) used during the billing cycle.
The totd kilowatt hours are multiplied by the energy charge for tota energy billing. The energy charges
can vary with the type of service, voltage, and energy consumption. Example energy rate schedules are
asfollows

Example 1. Generd service schedule that is applied to eectrica load demand of up to 8,000
(kwWh) kilowatt hours per month. Thus a non-demand charge schedule, the cost of energy and demand
are one charge.

Example 2: Rate schedule A-12 is applied to dectrica load demand of 30 to 1,000 kilowatt
of demand per month. This schedule has an energy charge, fud-adjustment charge, demand charge,
and low power factor penalty.

Example 3: Rate schedule A22 is gpplied to eectrica load demands of 1,000 to 4,000

kilowatt of demand per month. This schedule has an energy charge, fue-adjustment charge, demand
charge, and low power factor pendty. The rate schedule has a“time of day” billing rate for energy and
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demand for both summer and winter. The summertime hour periods are from May 1 to September 30;
the energy and demand charges change between the following hours:

Peak hours - 12:30 pm to 6:30 pm = 6 hours
Partial peak hours - 8:30 am to 12:30 pm = 4 hours
Partial peak hours- 6:30 pm to 10:30 pm = 4 hours
Off pesk hours- 10:30 pm to 8:30 am = 10 hours

The wintertime hour periods are from October 1 to April 30; the energy demand charges
change between the following hours:

Peak hours - 4:30 pm to 8:30 pm = 4 hours

Partid peak hours - 8:30 am to 4:30 pm = 8 hours
Partial peak hours - 8:30 pm to 10:30 pm = 2 hours
Off pesk hours- 10:30 pm to 8:30 am = 10 hours

Example 4: Rate schedule A-23 is applied to dectrica load demands of 4,000 and above
kilowatts (kW) of demand per month. All other charges and “time of day” billing hours and periods are
the same as rate schedule A-22. Additiond rates are available for the purchase of supply voltage of
4,500 or 12,000 valts, this schedule provides for a high voltage discount of the total energy and demand
charges.

4.1.8. The Demand Charge

This charge compensates the utility company for the capita investment required to serve pesk
loads, even if that pesk load is only used for afew hours per week or month. The demand is measured
in kilowatts (kW) or kilovolt amperes (kVA). These units are directly related to the amount of energy
consumed in agiven timeinterva of the billing period. The demand periods vary with the type of energy
demand; the high fluctuating demand has a short demand period which can be as short as five minutes,
but generdly demand periods are of 15 or 30 minutes. The period with the highest demand is the one
used for billing demand charges.

Example: If the demand for a plant is 70 kilowaitts for the first 15-minute period, and for the
next 15-minute period the demand increases to 140 kilowatts and then drops back to 70
kilowatts for the remainder of the billing period (one month), the billing demand for that month is
then 140 kilowatts. This represents the interva of maximum energy demand from the utility
company for the month.

Demand charges can be a sgnificant portion of the tota dectric hill; in some cases, demand

charges can amount to as much as 80 percent d the bill. The demand charge can be reduced by
smoothing out the pesks in energy demand by rescheduling of work or through a demand control
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program to shed loads when a demand limit is agpproached. This concept is particularly important for
plants using dectricity for mgor processes such as melting.

4.1.9. Power Demand Controls

The power demand controller automaticaly regulates or limits operation in order to prevent set
maximum demands from being exceeded. The role of such a power demand controller has been widdy
recognized, the “time of day” billing rates will make it far more necessary in the future. The type of
controller best suited for a plant operation is that which will predetermine the demand limit and the
demand interval.

The overdl usage of power is congtantly monitored from the power company meter, the power
usage of al the controlled loads is dso monitored. By having this information the controller can
cdculate when an overrun of the desired demand limit will occur. The controller will delay any shed
action to dlow time for loads to shed normaly. When it is determined that it will be necessary to shed
one or more loads to keep from exceeding the demand, the controller, at the last possible moment, will
shed the necessary loads. This means that shedding will occur only once during a demand interva and
maximum use of available power will be redized.

4.1.10. Demand Shifting

Due to the lack of availability and the increased cost of natural gas and petroleum products,
industry has come to rely on eectrica power as amgor source of energy. The use of dectrica energy
has increased at a greater rate than was anticipated and therefore a critical shortage has aso been
crested in somearess. Thisis particularly true during the normal working day hours. Over the past few
years this condition has caused Stuations known as “brown-outs’, which is controlled curtailment of
power.

Even with power companies doing their best to cope with the problem by building new
generating sations, inddling additional equipment in exiging facilities, and operating dl equipment at
maximum capacity, they still have not been able, in some cases, to keep up with the rapid growth in the
demand for eectricd energy.

The demand for eectricd energy is not congtant, but occurs in pesks and valeys. Power
companies are obligated to have enough equipment available to meet a customer’s pesk demand, even
though this equipment is only used during the pesk periods and is not in use during most of the working
day. In order to finance the equipment necessary to provide this peak demand service for industriad
users, the power demand charge was created. In some localities this high demand rate is the rate which
is pad for the next year, even if it is never reached again, and the price paid for power demand can be

very high.
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With pesks and valeysin dectricd demand caused by dectricad mdting during the normal work
day, maximum demand pesks should be controlled by sequencing the furnace s operation and maximum
power input to each furnace. By applying this procedure, the revised operation would level out the
pesk demands and produce a flat demand profile during norma daytime melting.  With this melting
operdtion the “load factor” would be improved, thus preventing high maximum demand pesks, which
are devel oped through operating dl machines at full load at the same time.

4.2. MOTORS

Motors represent the largest single use of dectricity in most plants. The function of an eectric
motor isto convert eectrical energy into mechanica energy. In atypica three-phase AC motor, current
passes through the motor windings and creetes a rotating magnetic field. The magnetic fidd in tun
causes the motor shaft to turn. Motors are designed to perform this function efficiently; the opportunity
for savings with motors rests primarily in their selection and use.

4.2.1. ldleRunning

The most direct power savings can be obtained by shutting off idling motors, thereby diminating
no-load losses. While the approach is smple, in practice it cdls for constant supervision or automatic
control. Often, no-load power consumption is considered unimportant. However, the ide no-load
current is frequently about the same as the full-load current.

An example of this type of loss in textile mills occurs with sewing machine motors that are
generdly operated for only brief periods. Although these motors are relatively small (1/3 horsepowe),
severd hundred may be involved at aplant. If we assume 200 motors of 1/3 horsepower are idling 90
percent of the time at 80 percent of full-load ratings.

Cog of idling = 200 motors x 1/3 hp x 80% of load x 6,000 hrs/yr x 90% idling x $0.041/hp-hr =
$11,800

A switch connected to the peda can provide automatic shutoff.

4.2.2. Efficiency at Low Load

When amotor has a greater rating than the unit it is driving requires, the motor operates at only
partid load. In this sate, the efficiency of the motor is reduced (see Figure 4.2). The use of overszed
motorsisfarly common because of the following conditions:
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Personnd may not know the actua load; and, to be conservative, sdect a motor larger than
necessay.

The designer or supplier wants to ensure his unit will have ample power; therefore, he suggests a
driver that is subgantidly larger than the red reguirements. The maximum load is rardy
developed in red service. Furthermore, most integra horsepower motors can be safey
operated above the full-load rating for short periods. (This problem may be magnified if there
are verd intermediaries))

When a replacement is needed and a motor with the correct rating is not available, personnd
ingal the next larger motor. Rather than replace the motor when one with the correct rating
becomes available, the overszed unit continues in use.

A larger motor is selected for some unexpected increase in driven equipment load which has not
materidized.

Process requirements have been reduced.

For some loads, the starting or breskaway torque requirement is substantialy grester than the
running torque; thus, overszing of the motor is a frequent consequence, with pendties in the
running operation.

Plant personnel should be sure none of the above procedures are contributing to the use of
overszed motors and resulting in inefficient operation.

Replacement of underloaded motors with smdler motors will dlow a fully loaded smaler motor
to operae a a higher efficiency. This arrangement is generally most economical for larger motors, and
only when they are operating at less than one-third to one-haf capacity, depending on their sze.

The identification of overszed motors will require taking dectric measurements. The recording
wattmeter is the most useful instrument for this purpose to andyze the load over a representative period
of time.

Another gpproach which provides an instantaneous reading is to measure the actua speed and
compare it with the nameplate speed. The fractiond load, as a percent of full nameplate load, can be
determined by dividing the operating dip by the full-load dip. The relaionship between load and dip is
nearly linear Other motors at the plant can often be used as replacements, reducing or diminating the
investment required for new motors. Adapter plates and couplings to accommodate the smaller motors
are the mgor expense.  Scheduling the changes to coincide with maintenance of the motors minimizes
the ingtdlation codts.
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Figure4.2: Motor Efficiency
(Typicd T-Frame, NEMA Design B Squirrd Cage Induction Motor-1,800 rpm)

For example, the annud savings for replacing a 50-horsepower motor operating at 25 percent of rated
load with a 15-horsepower motor which will operate near full load is:
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& 1 O

L, = O.746(hp)§T_lg
FL

L,, = 0.746(hp)(PLIE—L 2

CEr, - 15

where

L =losses- kW

Eff = motor efficiency
subscripts

FL = a full load

pL = at partid load

L, =0. 746(15)88 L 0oy oaw
80.9- 1g
L, =0.746(50)0.252 2 9= 1 gokw
-1lg

ReductioninLossss = 0.58 kW

Annua Savings = 0.58 kW x 6,000 hrs/yr x $0.05/kWh = $174

4.2.3. High-Efficiency Motors

Purchase of high-efficiency motors should be standard practice with any new purchases.
Payback of the premium paid for high-efficiency motors is usudly less than two years for motors
operated for at least 4,000 hours and 75 percent load. An exception may exist when the motor is only
lightly loaded or operating hours are low, as with intermittent loads. The grestest potentid occursin the
1 to 20 horsepower range. Above 20 horsepower efficiency gains become smaller, and existing motors
over 200 hp are dready reldively efficient.

When motors are supplied by an eguipment manufacturer, high-efficiency motors should be
Specified at the time of purchase. Otherwise, manufacturers normaly supply motors of standard design
because of their lower cost. Because of competitive pressure, these types of motors are likely to be
less efficient. They have a lower power factor, not possible to spare, and they are more difficult to
rewind.

The higher efficiency of high-efficiency motorsis obtained by the use of thinner sted laminations

in the stator and rotor; use of sted with better eectromagnetic properties, addition of more sted;
increase of the wire volume in the stator; improved rotor dot design; and the use of smdler more
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efficient fans. Each of these gpproaches involves more materid, increased materid cods, or higher
manufacturing cogts, which accounts for the higher first cost. However, the 25 to 30 percent higher
initid cost is offset by lower operating costs. Other benefits of high-efficiency motors include less effect
on performance from variations in voltage phase imbaance, and partid loading.

The cdculation d smple payback for energy-efficient motors can be complex because of the
vaiablesinvolved. Determination of the operating cost of the motor requires multiplying the amount of
electricity the motor uses by the number of hours the motor is operated and by the user’s electrica codt.
Each of these factors has its own variables, including changes in production schedules, variations in
motor load, and demand charges. Some of these figures may be difficult to pinpoint.

Even when savings cdculations are attempted, they can be subject to error because the actua
efficiency of the particular motor is generaly not known. All manufacturers do not use the same test
technique to measure efficiency; as a result, ratings samped on nameplates may not be comparable.
Mosgt manufecturers in the United States use a “nomind” efficiency thet refers to a range of efficiencies
into which a particular motor’s efficiency mugt fal. Statisticad techniques are used to determine the
“minimum” efficency of a motor with any given nomind efficiency. For example, anomind efficiency of
90.2 percent has a minimum efficiency of 88.5 percent.

Many users report adopting high-efficiency motors as standard practice without attempting to
judtify the premium except in the case d larger-sized motors. In generd, paybacks of gpproximately
one year have been experienced.

Specific motors vary from published ratings. For instance, a 100-hp, 1,800-rpm, totaly
enclosed, fanrcooled motor from one manufacturer has a guaranteed minimum efficiency of 90.2
percent at full load in the standard line and 94.3 percent in the high-efficiency line. The equivadent size
motor of another manufacturer has the same 90.2 efficiency rating for the standard modd, but the high-
efficiency modd has a guaranteed minimum efficiency of 91.0 percent. Verification of actud efficiency
of aparticular motor requires the use of sophisticated testing equipmen.

Because of this variation, the use of the guaranteed minimum efficiency is more consarveive in
evauating savings because al motors should be equa to or higher than the value specified. Table 4.3 &
Table 4.4 compare standard T-frame TEFC motors with high-efficiency motors.

Standard T-Frame TEFC High Efficiency TEFC
Nomina Average Guaranteed | Nomind Average Guaranteed
Expected Efficiecy Minimum Expected Efficiency Minimum
Horse | Full 75% | 50% | Full-Load Full 75% 50% | Full-Load
power |Load |Load |Load | Ef Load Load Load | Eff
10 83.0 820 |[81.0 | Not 90.2 91.0 91.0 |88.9
15 84.0 84.0 |[83.0 | Avalale 91.7 92.4 924 | 90.6
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20 86.0 87.0 | 87.0 93.0 93.6 93.6 92.0
25 86.0 87.0 |87.0 93.0 93.6 93.0 92.0
30 88.0 88.0 | 88.0 93.0 93.6 93.6 92.0
40 88.0 88.0 | 87.0 93.6 94.1 93.6 92.7
50 89.0 89.0 |89.0 94.1 94.1 94.1 93.3
75 91.5 915 |910 95.0 95.0 94.5 94.3
100 92.0 920 |910 95.0 95.0 95.0 94.3
125 91.5 915 |90.0 95.0 95.0 94.1 94.3
150 93.0 930 |915 95.8 95.8 954 | 95.2
200 93.0 935 |930 95.8 95.8 95.8 95.2

Table4.3: Typical Efficiency Comparison for 1 800 rpm Motors: General Electric

Standard T-Frame TEFC High Efficiency TEFC
Nomina Average Guaranteed | Nomind Average Guaranteed
Expected Efficiency Minimum Expected Efficiency Minimum

Horse | Full 75% | 50% | Full-Load Full 75% 50% | Full-Load

power | Load |Load | Load | Eff Load Load Load | Eff

10 88.5 878 [852 |86.5 90.2 90.4 89.3 |885

15 88.5 882 [86.1 |86.5 91.7 91.9 910 |90.2

20 88.5 886 |[87.2 |885 91.7 91.9 90.9 |90.2

25 90.2 89.2 [86.7 |885 93.0 93.3 928 |917

30 90.2 89.9 [88.0 |885 93.0 93.3 928 |917

40 90.2 89.7 [87.9 |885 93.0 92.6 91.0 |917

50 91.7 91.2 [895 |90.2 94.1 93.7 924 |93.0

75 91.7 90.8 [884 |90.2 94.1 93.8 926 |93.0

100 93.0 926 [91.0 |90.7 95.0 94.8 938 |94.1

125 93.0 925 [91.0 |90.7 95.0 94.6 935 |94.1
Nomind Average Guaranteed | Nomind Average Guaranteed
Expected Efficiency Minimum Expected Efficiency Minimum

Horse | Full 75% | 50% | Full-Load Full 75% 50% | Full-Load

power | Load |Load |Load | Ef Load Load Load | Eff

150 93.0 925 [915 |90.7 95.0 94.7 937 |94.1

200 94.1 936 [923 |93.0 95.0 94.9 942 |945

Table 4.4: Typical Efficiency Comparison for 1 800 rpm Motors: Westinghouse
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4.2.4. Reduce SpeedVariableDrives

When equipment can be operated at reduced speeds, a number of options are available.
Following examples are representative for the al indudtries.

Variable Freguency AC Motors

When centrifuga pumps, compressors, fans, and blowers are operated at constant speed and
output is controlled with throttled valves or dampers, the motor operates at close to full load al the
time--regardless of the delivered output. Substantial energy is disspated by these closed dampers and
vaves. Sgnificant energy savings can be redized if the driven unit is operated at only the speed
necessary to satisfy the demand. Variable speed drives permit optimum operation of equipment by
closgly matching the desired system requirements.

Vaigble-frequency AC controllers are complex devices, and until recently have been
expendve. However, they work with standard AC induction motors which alows them to be easly
added to an existing drive. With lower equipment cost and increased eectric costs, they become cost
effective in many applications. Many types of pumps (centrifugd, positive displacement, screw, etc.)
and fans (air cooler, cooling-tower, heating and ventilating, etc.), as well as mixers, conveyors, dryers,
colanders, crushers, grinders, certain types of compressors and blowers, agitators, and extruders, are

driven at varying speeds by adjustable-speed drives.

The following example illustrates the energy savings for an adjustable-speed drive on a fan.
Figure 4.3 shows a fan curve for pressure versus flow characteristics. The intersection of the fan and
system curve a point A shows the naturd operating point for the system without flow control.

If a damper is used to control the flow, the new operating point becomes point B. However, if
flow control is done by fan speed, the new operating point at reduced speed becomes point C.
The respective horsepowers are shown on the horsepower curves as points B’ and C'.

Determination of the energy savings requires caculating the horsspower based on the fan curve
and the duty cycle at which the fan is operating. The results for afan controlled by damper are assumed
to be asfollows:

CFM % Fan hp Duty Cyde Weighted hp
100 35 10 35
80 35 40 14.0
60 31 40 12.4
40 27 10 2.7
Tota 326
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Figure4.3: Fan Drive: Variable Speed vs. Valve Control

For machines that have a free discharge, the fan affinity formula below is used to caculae the
reduced horsepower for a variable speed drive.

hp, _aN, o’
hp, &N, g

For example, the horsepower for afan operated at one half speed is:
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Consequently, significant savings are possible when speeds can be reduced.

The new fan horsepower with varigble speed is:

CFM % Fan hp Duty Cyde Weighted hp
100 35 10 35
80 18 40 7.2
60 7.56 40 3.024
40 2.24 10 0.224
Total 13.948

The variable speed drive requires less than half the energy of the outlet damper for this particular duty

cycle.
The annua savings (AS) is

AS = (32,6 hp - 13.948 hp) x 6,000 hrs x $0.041/hp-hr = $4,500/yr

The ingdled cogt of variable drive for a 35-hp motor is approximately $10,000. Equipment
costs per hp decrease significantly with size, starting at about $250/hp for a 75-hp motor.

In actud practice, the efficiency of the motor should be factored in for a more accurate savings
caculation based on kW input. The efficiency of the motor begins to drop significantly below 50

percent of rated capacity.

The above cdculations assume a free discharge. If a static head is present, as in the case of a
pump, the static head changes the system curve so that the affinity laws cannot be used directly to
caculate the horsepower at reduced speed. In this case, precise knowledge of the pump and the
system curvesis required. Then detailed andysis with the aid of a computer is advisable.

Solid State DC Drives

Smilar energy savings can be redized by varying speed with a DC drive. First cost is greater
than for a variable frequency AC motor drive, particularly in a retrofit Stuation where the exising AC
motor can be used directly with the dectric controller. Brush and commutator maintenance is dso a
mgor cogt with DC drives. DC systems are dso more sendtive to corrosive and particle-laden
amaospheres which are common in an indudtrid environment.

Accordingly, AC drives are preferred unless process conditions requires some of the specia
characteristics of a DC system such as very accurate speed control, rapid reversal of direction, or
congtant torque over rated speed range. Applications include driving of extruders, drawing machines,
coaters, laminators, winders, and other equipment.
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Other established techniques for varying the speed of a motor are eectromechanicad dip
devices, fluid drives, and the wound-rotor motor. These devices control speed by varying the degree of
dip between the drive and the driven element. Because the portion of mechanica energy that does not
drive the load is converted to hegt, these devices are less efficient and are used primarily because of
gpecid characteridics in a given gpplication. For example, fluid drives might be used for a crusher
because they are characterized by generdly high power capacities, smooth torque transmisson,
tolerance for shock loads, ability to withstand periods of ddl conditions, inherent safety (totaly
enclosed with no moving contact), and a tolerance of abrasive amospheres.

Because AC and DC drives dter the operating speed of the prime mover, they are preferred for
energy conservation reasons.

Mechanical Drives

Mechanicd variable-speed drives are the smplest and least expensive means of varying speed.
This type of adjustable sheaves that can be opened or closed axialy, thus changing the effective pitch at
which the belt contacts the sheaves.

The chief advantages of mechanica drives are amplicity, ease of maintenance, and low codt.
Their chief advantage is a moderate degree of maintenance and less accurate speed control (normdly 5

percent).

Bdt drives are available for low to moderate torque applications over a power range to 100 hp.
Efficiencies of belt drives are 95 percent, and reduction ratio can be as much as 10:1.

Metd chain drives for high torque are dso available. These ae amilar in principle to bet
drives, but use meta belts instead of rubber-fabric belts.

Single-Speed Reduction

When a single speed will satisfy the need for speed reduction, less expensive options are
available. Although variable speed offers the advantage of using optimum speed in dl Studtions, if the
speed range is narrow and the portion of time operated a the lower speeds is smdl, a dower single
speed is probably the most cost- effective gpproach.

Bdt drives With a bdt drive, a peed reduction can be accomplished a minimum expense by
amply changing bet sheaves. Since the change can be conveniently reversed by reingaling the old
sheaves, this method has application when a reduced output is needed only for an extended period,
such as seasondly. Another opportunity may exist when production levels are reduced for an indefinite
time, but the origina capacity may be required again in the future.

Modern Industrial Assessments 103



ELECTRICITY: MOTORS

Gear reducers. A amilar gpproach may be taken with a gear change where gear reducers are
used.

Motor change A dower-speed motor can adso be subgtituted when a one-time speed
reduction is needed.

Two-Speed Motors

A two-speed motor is an economical compromise between afixed sngle-speed and avariable
drive. Asilludrated in the previous example, energy savings are sgnificant because the power required
is proportiona to the cube of the speed (rpm). In practice, a dight increase may result from friction
losses. This gpproach can be used in combination with some throttling to control output within a
narrower range.

Two speeds can be obtained with a single winding, but the dower speed must be one-hdf of the
higher. For example, motor speeds might be 1,800/900, 1,200/600, or 3,600/1,800. When a motor at
other ratios is required, two sets of stator windings are necessary. Multispeed squirrel-cage motors can
a so be obtained which have three or four synchronous speeds.

The cogt of two-speed motors is gpproximately twice the cost of a Sngle-speed motor. If a
motor can be operated at the dower speed for any appreciable time, the savings will eadly judtify the
added invesment. Multispeed motors also need more expensive dtarters because the overload
protectors must be sized differently a each speed.

4.25. Load Reduction

A reduction in motor load is, of course, one of the best means of reducing electric costs.
Proper maintenance of equipment will aso reduce motor load by eiminating friction losses from such
sources as the misdignment of equipment, frozen bearings, and belt drag. Proper lubrication of all
moving parts such as bearings and chain drives will minimize friction losses. The subdtitution of bal or
roller bearings for plain bearings, particularly on line shafts, is another good power saver.

4.2.6. High-Starting Torque

Loads requiring “norma” garting torque can be satisfied by a Nationa Electrical Manufacturers
Association (NEMA) B motor (the general-purpose motor most commonly used in indudirid plants) or
aNEMA A motor. Where high-inertialoads are involved, sdlection of a motor specificaly designed for
high-torque capability can permit use of a smaler motor. A NEMA B motor szed to handle high-
garting loads will operate at less-than-rated capacity once the load has been accelerated to full speed.
On the other hand, selection of a smaller motor of NEMA C or D design can provide the same starting
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torque as a NEMA B motor but will operae coser to the full-rated load under norma running
conditions.

4.2.7. Rewound Motors

Rewinding can reduce motor efficiency, depending on the capability of the rewinding shop.
Shops do not necessarily use the best rewind procedure to maintain initid performance. In some cases
the loss inefficiency, particularly with smaller-szed motors, may not justify rewinding.

Idedlly, a comparison should be made of the efficiency before and after a rewinding. A
relatively smple procedure for evauating rewind qudity is to keep a log of no-load input current for
each motor in the population. This figure increases with poor qudity rewinds. A review of the rewind
shop's procedure should aso provide some indication of the quality of work. Some of the precautions
that must be taken are asfollows:

*  When dripping to rewind a motor, unless the insulation burnout is performed in temperature-
controlled ovens an inorganic lamination insulaion had been used, the insulation between laminations
may break down and increase the eddy current losses

* Roading the old winding a uncontrolled temperature, or using a hand-held torch to soften varnish
for eeser coil removad, should signal the need to go esewhere.

» If the core loss is increased as a result of improper burnout, the motor will operate a a higher
temperature and possible fall prematurely.

» If the Stator turns are reduced, the stator core loss will increase. These losses are a result of
leakage (harmonic) flux induced by load current and vary as the square of the load current.

*  When rewinding a motor, if smaler diameter wire is used, the resstance and the I2R losses will
increase.

Rewinding techniques vary among repair shops and should be investigated before deciding
where to have motors rewound.

A rewinding method developed by Wanlass Motor Corporation clams to increase efficiencies
as much as 10 percent. The firm's technique involves replacing the winding in the core with two
windings designed to vary motor speed according to load. Claims of improved efficiency have been
disputed and trade-offs have been determined to exist in other feastures of motor design (cogt, starting
torque, service life, etc.) While the Wanlass motor has been in existence for over a decade, potentia
users should recognize that the design remains controversd and has been generdly regarded in the
motor industry as offering no improvement over that which can be achieved through conventiond
winding and motor design techniques.
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4.2.8. Motor Generator Sets

Solid-state rectifiers are a preferred source of direct current (DC) for DC motors or other DC
uses. Motor-generator sets, which have been commonly used for direct current, are decidedly less
effident than solid-state rectifiers. Motor-generator sets have efficiencies of about 70 percent at full
load, as opposed to around 96 percent for a solid-date rectifier a full load. When the sats are
underloaded, the efficiency is considerably lower because efficiency is the product of the generator and
motor efficencies

4.29. Belts

Closdly associated with motor efficiency is the energy efficiency of V-bdt drives. Severd
factors affecting V-bdt efficiency are

1. Ovebdting: A drive designed years ago with ratings in existence then should be reexamined.
Higher-rated belts, with resulting increase in efficiency.

2. Tendon: Improper tenson can cause efficiency losses of up to 10 percent. The best tenson for
a V-bdtisthelowes tenson at which the belt will not dip under afull load.

3. Friction: Unnecessary frictiond losses will result from misdignment, worn sheaves, poor
ventilation, or rubbing of belts againg the guard.

4. Sheave diameter: While a sheave change may not be possible, in generd, the larger the sheave,
the grester the drive efficiency.

Subdtitution of the notched V-belt (cog belt) for the conventiond V-bet offers attractive energy
savings. The V-bdt is subjected to large compression stresses when conforming to the sheave
diameter. The notched V-bdt has less materid in the compression section of the belt, thereby
minimizing rubber deformation and compression dresses. The result is higher operating efficiency for
the notched V-bdlt.

Given a 60-hp motor, annud operating cost (6,000 hrs) is $18,000. A conservative 1 percent
improvement in efficiency results in annua savings of $180. The premium codt for Sx, Sze 128 bdtsis
$78.

4.3. LIGHTING

Many lighting systems that represented good practice severd years ago are inefficient in view of
today’s higher dectricd cogs. A lighting conservation program not only saves energy but is dso a
highly visble indication of management’s interest in consarving energy in generd.  The importance of
lighting consarvation, therefore, should be considered not only for its dollar savings but dso for its
psychologica effect on the plant’ s entire conservation program.
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Table 4.5 shows the minimum average in service footcandles for lighting the interior of service
buildings and areas. The illumination level specified isto be provided on the work surface, whether this
be horizontd, vertica, or obliqgue. When there is no definite work areg, it is assumed that the
illumination is measured on a horizonta plane, 30 inches above the floor.

4.3.1. Lighting Standards

The firg step in any lighting conservation program is to adopt a lighting sandard. A new
gandard issued by the Illuminating Engineering Society provides for a range of illuminance ingtead of a
sngle vaue. Within the recommended range, the leve of illuminance can vary depending on the age of
the workers, the importance of speed and accuracy, and the reflectance of the task background.

DuPont’s recommended illumination levels for various working conditions are shown in
Table 4.5. Management should adopt these or smilar lighting standards to ensure uniform application of
lighting levdls. Without a standard, reductions in lighting are often nonuniform or incongstent and may
result in insufficient illumination in some aress.

LIGHTING SERVICE BUILDING INTERIORS

Area Footcandles- in  Area Footcandles- in
Service Service
Offices Machine and millwright shops
Private 70 Rough bench and machine 50
work
Small 70 Medium bench and machine
General 70 work and tool maker’ s shop 100
Stenographic 100 Fine bench and machinework 200+
Drafting rooms 125 Extrafine bench and machine 500+
work
Files Paint shops
Active 30 Ordinary hand painting,
Inactive 10 rubbing, and finishing 30
Mail room Finefinishing 70
Sorting 50 Spray painting booth 30
Generd 30 Sheet metal shops
Conference rooms 70 Ordinary bench work 30
Corridors and stairways 20 Layout bench 70
Toilets and washrooms 20 M achines--presses, shears,
Rest rooms 10 stamping, etc. 50
Janitor’ s closets 10 Welding shops
Lunch areas 30 Genera illumination 50
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Main entrances
Patios

Doorways and foyers
Lobbies

Interview rooms

Exits, at floor
Medical and first aid

Reception

First aid rooms

Doctor’ s offices
Nurse's offices

Dressing rooms
Cot rooms
Telephone equipment

Switchboards
Terminal and rack equipment
Reproduction area

Blue print room

Locker and shower and wash
rooms

Mechanical equipment operating

areas (fan rooms, etc.)

Electrical equipment operating

areas (motors, etc.)

Inactive storage

L oading docks and ramps

Store and stock rooms
Genera--live storage

Rough bulky material
Bin areaused for dispensing

Small stock items
Tool cribs
Gate houses
Pedestrian entrance
Car entrance
Solvent storage and dispensing
Storage in drums
Dispensing
Cylinder sheds

Pump houses
Warehouses--general traffic area
Warehouses (in storage aisle at
floor level)

a8 88«

5

B8 338

SRS

88

a8

10

15

Precision manual arc welding
Carpenter and woodworking

Rough sawing and bench work

Medium machine and bench

work

Fine bench and machine work
Electrical shops (maintenance)

Genera

Bench work--general
Insulating coil winding
Testing
Instrument shops (mai ntenance)
General
Bench work
Pipe shops
General (bending, etc.)
Cutting and threading
Laboratories--hoods, benches, and
desks
Research
Control

Power and steam plants
General
Front of panels (vertical at 66
inches above floor)
Centralized control room
Ordinary and boiler control
boards
Bench boards (horizontal)

Boiler room-main floor and
basement
Boiler room-galleries and stairs
Gauge boards--front of panel
(vertical)
Crusher house
Coal conveyors and ash handling
equipment
Condensers, deaerators, and
evaporators
Auxiliaries, boiler feed pumps,
tanks, compressors, power
switchgear, battery rooms, screen
house, intake well, transformer
rooms, etc.
Catwaks
Water-treating area
Refrigeration compressors, air
COMPressors, etc.

1,000+

g8

100

70
100
70

100

88

70

888 & &

865

* Theillumination level in any area should be increased so that it is not less than 1/5 the level in any adjacent area.

** Obtained with acombination of general lighting and specialized supplementary lighting.
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MANUFACTURING GENERAL ~

Area Footcandles Area Footcandlesin
in Service Service
Hand furnaces, boiling tanks, Electrical operating equipment
stationary dryers, stationary and (motors, general controls, etc.) 20
gravity crystallizers, etc. 20
Mechanical furnaces, generators Electrical control rooms where
and stills, mechanical dryers, equipment requires frequent
evaporators, filtration mechanical checking, adjustment, etc. 30
crystallizers 30
Tanksfor extractors, cooking Weigh scales, gauges,
nitrators, percolators, electrolytic thermometers, rotameters, etc.
cdls 30 Vertical on face of dials,
scales, etc. 30
Tank and vat portholelights, etc. Control laboratories 50
Light interiors 20 Outdoor platform and tank farms
Dark interiors 70 Active areas 5
Beaters, ball mills, grinders 30 Inactive areas 05
Mechanical operating equipment Stairs, ladders, and steps 3
(compressors, fans, pumps, etc.) 20

~ Operating personnel do not perform exacting visual tasks except at process control panels, scales, gauges,
thermometers, etc. Necessary lighting generally is obtained with combination of general lighting plus specialized

supplementary lighting

LIGHTING OUTDOOR AREASYy

Area Footcandlesin Area Footcandlesin
Service Service
Bulletin and poster boards 10V Railroad yards 0.2
Flood lighting--building exteriors 15V (max) Roadways
Entrances Curves and intersections 05
Active (pedestrian or
conveyance, or both) 5 Platforms, catwalks, stairs,
ladders, etc.
Inactive (normally locked, Platform operating decks 5
infrequently used) 05 Catwalks, stairs, and ladders 3
Loading and unloading platforms 3 Storage yards 05
Freight car and truck interiors 3 Plant parking lots
Outdoor work areas 3 Genera parking areas 03
Protective lighting Entrances, exits, and 2
walkways
Boundaries and fence 0.2 Gasoline dispensing pumps 3
Vital locations or structures 5
Building surroundings 1
Generadl inactive area 01
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y Asamatter of referencein comparing outdoor lighting values, the intensity of full moonlight at the earth’ s surface
is approximately 0.025 footcandles.

Table4.5: DuPont Recommended Illumination Levels
4.3.2. Light Meter Audit

After sandards have been adopted, a light meter audit to determine the exidting lighting levels
should be conducted for the entire plant. The condition of the lamps and fixtures should be taken into
account when the audit is made. The deanliness of the fixtures has an important effect on the light
output. Also, some depreciation of light intengity occurs over the life of most lamps. I group relamping
has been used, the lighting level will depend on the age of the lamps. Light loss of 10 to 15 percent is
normal for standard 40 W fluorescent lamps that are approaching end of life.

4.3.3. Methodsto Reduce Costs

A couple of examples how to save eectric energy are given in the sections below. Some of
them are rather ample and the implementation requires only the will to overcome some old entrenched
habits of the people at the work place.

Turn off Lights

The most obvious and beneficid step to conserve energy is to turn off lights when they are not
needed. This approach often requires an extensve publicity program to enlis the support of al
employees. Fird-line supervisors must understand that conserving light is as much a part of their job
respongibility asimproving productivity. An effective way for members of management to show support
for energy conservetion isto turn off lightsin their own offices when unoccupied.

Frequently, lights can be turned off in storage or operating aress that are not in use or are
seldom occupied during periods of reduced production on te evening or the midnight shift. For
example, it is common practice to leave office light on until the cleaning crew has completed its work
ingtead of turning them off as soon as the offices are vacated.

The lighting drcuitry may not provide the flexibility needed for a partia curtailment. In this case,
the cost to modify the wiring must be compared with the potentid energy savings to determine whether
rewiring isjudtified.

Huorescent lamps are commonly left on over noon hours or other short periods because of the
belief that frequent starts will shorten tube life. This problem is substantialy reduced now with tubes that
are more tolerant of starts and the increased cost of energy compared with the tube cost. The bresk-
even point for fluorescent lighting is usudly 5 to 15 minutes, depending on the dectric rate, lamp cod,
and lamp replacement labor rate.  With incandescent lights, however, energy will be saved each time
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they are turned off. For high-intensty discharge (HID) lamps, it is usudly not practicd to turn lights off
for brief periods (Iess than 30 minutes) because of the long lamp restart time.

Automatic Controllers

A technique for ensuring thet lights are turned off when the room is unoccupied is to use
presence detectors (infrared, capacitance, or ultrasonic) that detect when the room is unoccupied and
will automaticaly turn off the lights. One lighting control product, for example, uses an ultrasonic sensor
which can handle up to four 20 amp circuits. This dlows control of eectrica devices as wdll as lights.
The unit cogts about $150 uningtaled. The presence of people in aroom is determined by a sensor thet
detects interruptions in the ultrasonic sound waves transmitted by the unit. The sensor then sends a
ggnd to a controller to turn lights on or off. The sensor has a time-ddlay knob that can be manualy set
anywhere from 1 to 12 minutes to ensure that equipment stays on for a certain period of time after a
room is occupied.

As an example, annud savings for a unit controlling 5,000 wetts of lighting thet reduces lighting
by two hours per day, five days per week at $0.05/kWh would be $125.

Ancther device that is used to avoid leaving lights on needlesdy is a microprocessor-based
automatic lighting control. These reatively inexpensive devices can be programmed to turn off lights
when not needed. For example, one programmable controller being offered for about $500 can control
up to 50 switches. The user can override the off function by turning on lights a his particular area. This
is done with individua wall switches that cost about $30 per unit indtalled. When alighting circuit turns
off according to schedule, the toggle switches are moved to the off position. Switches can aso be used
aone with an exiging energy management sysem. The traditiona gpproach has been to inddl lighting
control systems separately, but firms are attempting to incorporate lighting systems with an energy
management system because it is more cogt effective.

A plant which has the opportunity to turn off sgnificant unneeded lights a various times should
congder one of the many automatic lighting controls available.

Remove Lamps

Ancther direct method to reduce lighting is Smply to remove lamps from service where less light
is needed. This gpproach frequently gpplies to offices or areas in which uniform lighting has been
provided. For example, if the fixture is located over an office doorway, lamps can often be removed
without reducing the illumination level a the desktop. Office lighting loads can frequently be reduced 25
percent by this arrangement.

In four-lamp fixtures, two of the four lamps can be removed if only a matid reduction in
illumination is possible
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Excess lighting is dso frequently provided in aides, particularly when naturd daylight may be
sufficient. Lighting levelsin Storage areas are often higher than needed. This Stuation can develop when
former operating areas are utilized for gorage. Removad of lamps from these less-critical areas does not
affect production.

Bdlasts in fluorescent fixtures continue to consume current (approximately 10 percent of tota
load) after the lamps have been removed. The entire fixture should, therefore, be disconnected if lamps
are removed (except for some lamp systems that have circuit interrupting lamp holders).

Maintain Lamps

Dirt and dust accumulations an the fixtures greetly affect lamp efficiencies. Light intengity can
depreciate up to 30 percent by the time lamps are replaced; in extremely dirty conditions, depreciation
can be higher. A minima deaning schedule for an average indudtria environment is to clean fixtures
when the lamps are replaced. The number of lamps required to provide the desired illumination leve
will depend on the plant’s maintenance program. Initidly, additiond lighting to offset the gradud
depreciation of light caused by dirt must be provided. If dean luminaires will improve lighting levels
enough to permit the remova of some lamps, more frequent lamp maintenance may be judtified.
Cleaning costs must be balanced with energy codts to determine the optimum cleaning schedule.

Dirty or discolored luminaire diffusers can aso reduce light output consderably. Replacement
or complete remova may alow the lighting requirements to be satisfied with fewer lamps.

L ower-Wattage Fluorescent Lamps and Ballasts

A reduction in fluorescent light level by removing lamps from service can result in a spotty effect
that is unattractive or provides an unacceptably low or nonuniform kevel of illumination. An dternate
aoproach to energy saving is subgtitution of lower-wattage fluorescent lamps and ballasts. The
subdtitution may or may not reduce the lighting level, depending on the type of lamp used. Because the
vaiety of fluorescent lampsis so extensive, the following discussion refersto the generd purpose 4-foot
rapid start lamp, but reduced-wattage lamps are dso available in other sizes and types.

a) Standard Lamp: The standard lamp for many years has been the 40-watt cool white, CW (or
warm white, WW) lamp. This is the least expensve lamp, but aso the least energy efficient.
Severd more cogt-effective fluorescent lamp systems are available which use less wattage.

b) Enegy Saver (ES) Lamp: A fird-generation reduced wattage or energy-saving lamp was
introduced in 1974 in 35-watt ratings (now typicaly rated at 34 watts). These lamps can be
used as direct replacements for 40-wait lamps in existing luminaires. They emit the same color
white light as the lamps they replace. Energy consumption is reduced by 13 to 15 percent with
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a comparable reduction in light output. The converson to the lower illumination level need not
cause personne problems because the level of illuminaion will temporarily incresse if the
existing sysem is rdamped as a group and the luminaires are cleaned. The ES lamps cost
aoproximately 40 percent more than the standard lamps.  If the lower lumen output is
acceptable, the energy savings results in an attractive payback.

c) Lite White Lamps. A second generation of reduced-wattage lamps, genericaly designated as
“lite white’, is available when more lumen output is needed than the ES lamp provides. The lite
white lamps consume about the same energy as the ES lamps (34 waitts) but with only about 6
percent reduction in light output. The color of light, however, has a somewhat lower color-
rendering index than that of the cool white lamps.  Although lite white color differs from cool
white, the lamps are consdered compatible in the same system. These lamps cost about 50
percent more than the standard lamps.

d) Lite White Deluxe: If color rendition is important, a third generation of ES lamp, designated as
“lite white dduxe’, can be used. This lamp combines the high efficiency of the lite white lamp
with even better color discrimination than the sandard lamp. The lite white deluxe cods
approximately three times as much as the standard lamp, but it can il be judtified on the basis
of energy saving. For example, a lite white dduxe costs $2.30 more than the standard lamp.
Annua energy savings would be $1.80 (6,000 hrs. @ $0.05/kWh) for a payback of 1.3 years.
If conditions permit use of the lower cost ED or lite white lamp, payback is about four months.

€) Sylvania has alamp that operates a only 32 watts in the ES and lite white deluxe type. The
premium is about 10 percent more and provides a smilar payback of aout four or five months
on the premium.

f) Bdlass Severd options are available in the balasts thet can be used with any of the lamps
described above. The standard eectromagnetic balast is the least efficient but dso least
expengve type bdlagt. It is normadly provided by the luminaire manufacturer unless another
type is gpecified. The standard eectromagnetic balagt is not economical in Szes of 34 waits
and above.

g ESBdlags A more efficient low-loss or energy-saving eectromagnetic balast isdso available.
In evauating the ballagts, the savings must be congdered as a unit with the lamps since the more
efficient balasts permit the lamps to operate a lower wettage as wel. A two 34-watt lamp
system with an ES bdllast saves 8 to 10 watts over the same system with a standard ballast.
The premium for the high-efficiency balagt is approximately $6. Annud savings would be about
$2.70 (6,000 hrs. @ $0.05/kWh).

h) Electronic Bdlasts: More energy-saving electronic balasts can dso be used. Electronic balasts
operate a a frequency of 25 kilohertz (25,000 Hz) compared to the 60 hertz for standard
balasts. The higher frequency alows the lamps to operate at lower wattage. ES lamps must be
used with rapid start ballagts. Good qudity fluorescent luminaires manufactured in recent years
are normdly equipped with such bdlasts.
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Initid problems of reiability with the eectronic balasts appear to have been overcome
Electronic bdlasts, however, have many smal components and a rdatively short product history
compared with the smple construction and bng-established high rdigbility of the magnetic
ballasts.

With eectronic balagts, gpproximately 10 less watts per two 34-watt lamp system are saved
over the same system with an energy efficient balast. The premium for the ectronic ballast
over an ES badlast is about $13. Annual savings would be $3.00 (6,000 hrs @ $0.05/kWh).
The payback for the eectronic balast is about twice as long as that of the energy-saving balast.
Comparative prices for standard ballast, energy-saving magnetic bdlast, and eectronic ballast
are gpproximately $16, $22, and $35, respectively.

i) Peformance-Matched Sysems. For minimum wattage systems it is necessary to use
performance-matched fluorescent systems in which the lamp and bdlast are specificdly tailored
to each other for optimum efficiency. Such systems might not operate satisfactorily if other than
their designated companion bdlasts and lamps are used. However, performance-matched
sysems use congderably less energy (28 watts per lamp) than the convertiond 40-wait
systems.

The premium necessary for the dectronic balasts with these syslems may reduce the payback
to unacceptable levels. However, when four lamps can be operated off of one baladt, the economics
are more dtractive. Plants should evauate the high- performance systems based on their eectrical rates,
conditions, and payback standards.

Energy-saving lamps are designed to operate closer to the optimum operating temperatures than
conventiond lamps and are not suitable for use in ambient temperatures below 60°F. At the lower
temperatures ES lamps may be difficult to gart or show sgn of ingability in operation by flickering.
Accordingly, some low-temperature gpplications, such as warehouses, may not be suitable for ES
lamps.

Below 60°F, standard fluorescent lamps will have a lower light output depending on the draft
and lamp enclosure. Plagtic deeves or other jacketing that can retain heat can improve output when the
light output has been noticeably reduced. However, light output will also sart to decrease if above-
bulb-wall temperatures exceed 100°F.

Some problems with ballast failure have been reported by users of ES lamps. ES lamps cause a
dight increase in voltage across the cagpacitor, which in turn can cause premature fallure in older balagts.
The problem, therefore, should be considered temporary until overage ballasts have been replaced.

A generd problem to provide a more energy-efficient lighting sysem in aretrofit Stuation would
be to replace any 40-watt lamps with one of the 34-waett lamps most suitable to the plant’s conditions.
This subgtitution can be done as individua lamps burn out, or they can be replaced on a group basis.
The rapid payback usudly judtifies group replacement. More energy-efficient ballasts should aso be
substituted, but only as replacements are needed.
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When alower illumination leve is acceptable but remova of a lamp would cause a problem of
uneven illumination, amore uniform reduction in light level can be achieved by substituting specid lamps.

Sylvania markets two versons of an ES lamp cdled Thrift/Mate. These lamps are intended to
replace only one of apair of lamps on the same bdlast. When so indaled, both the Thrift/Mate and the
conventiona lamp operate a reduced wattage. The two versons, desgnated TM33 and TM50,
reduce energy consumption by 33 and 50 percent, respectively. The reduction in light output of the
luminaire is equivalent to the reduction in power consumption.

Another method is to replace one of the two fluorescent lamps in a two-lamp fixture with a
phantom tube. The phantom tube produces no light itsdf and the remaining red lamp in the fixture
produces only about 70 percent of its normd illumination. The net result is a saving of two-thirdsin the
power used, with an illuminaion leve of about one-third of that normaly derived from a two-lamp
fixture

Fluorescent Retrofit Reflectors

Specular retrofit reflectors for fluorescent fixtures are available in two basic types: semirigid
reflectors, which are secured in the fixtures by mechanica means, and adhesive films, which are applied
directly to the interior surfaces of the fixture. Either slver or duminum may be used as the reflecting
media On the average, siver film reflectors have areflective film index between 94 and 96 percent; the
index for duminum is 85 to 86 percent. (Film applied directly to the exidting fixtures is generdly less
efficient than the semirigid reflectors since it conforms to the fixture contours and cannot be formed to
direct light in any specific manner.)

In regard to the energy aspects of the reflectors, manufacturers claim the reflectors permit the
remova of two lamps from a four-lamp dirty fixture, the illumination directly undernegth the fixture is
essentidly the same. But @ angles to either side of the fixture, the decrease is much more sgnificant.
The fixture has been changed from a diffuse fixture to a sharp cut-off fixture. The additiond illumination
level with the reflectors is due in part from enabling the remaining two lamps to operate at a lower
temperature, which increases their light output 6 to 12 percent.

While removal of two lamps reduces energy 50 percent, the comparison is not on an equa basis
and severd trade-offs should be recognized.

As mentioned, the light pattern is more limited in area. The result can be nonuniform lighting on
the work plane, dark spots between the fixtures, and darkened walls.

The above dam of equivadent illumination is based on a comparison with a dirty fixture. The
footcandles with two lamps and reflector is only 65 percent as much as four lamps with a clean
conventiond fixture.
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Lamp falure in a ddamped fixture will not have the partid illumination provided by the second
pair of lamps. Consequently, prompt replacement of burned- out lamps becomes more criticdl.
The efficiency of any reflector depends on how well it is mantaned. Even in a clean office
environment the loss of light output due to dirt buildup in an unmaintained fixture can be as much
as 35 percent. The reflectors may be more difficult to clean than normal fixture surfaces.

Slver films are rdatively new and ther durability is somewhat unknown.

The cost of a reflector often approaches the price paid for a new fixture. Approximate
ingtallation costs for the reflectors range from $35 to $65.

If the above trade-offs are acceptable, then the energy savings would judtify their use.
However, if a one-third reduction in light output is acceptable, a more cost- effective option would be to
use the Thrift/Mate lamps and possibly upgrade the deaning schedule.  The illumination from a clean
two-lamp fixture will be equivdent to the illumination from a dirty two-lamp fixture with the retrofit
reflector.  Also, if unequa lighting is acceptable, possbly one-third of the exigting fixtures could be
removed instead.

Lamp Relocation

Poorly arranged light wastes energy. Traditiondly, light systems have been designed to provide
auniform leve of light through out on entire area. However, with the increased cost of eectric energy,
the emphasis today is on desgning illumination for the type of task and the location where it will be
performed.

Nonuniform light is actudly more visudly pleasng as well as less energy-consuming. When the
actud work areais properly lighted, the remaining arearequires only a moderate level of generd lighting
to provide reasonable vighility and to prevent an excessve brightness imbaance, which can cause visud
discomfort.

Task lighting has a number of advantages:

* High light levels are concentrated only where needed and are matched specifically to the seeing
task. Overdl lighting energy usage is thereby reduced.

* Lesshedt isliberated by the lighting system.

» Lighting isusudly more easlly relocated as operations change.

* Luminare mantenance and lamp replacement expenses are usudly less because they are more
readily accessble.

* Unitsareindividudly controlled, permitting them to be shut off when not needed.

» Lighting effectiveness is improved by permitting the most advantageous positioning.  Reflection and
shadows can be avoided.
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Lighting System Replacement

Exiging incandescent or mercury lighting systems are usudly candidates for replacement.
Incandescent lighting is suitable for certain applications, but its low efficiency makes it uneconomica for
generd illumination. A rapid payback can dmost dways be shown for replacing mercury with more
efficent light sources, and especidly with high-pressure sodium.

If alighting system must be designed to fit a new or modified ingalation, the alternative systems,
lised with their rdaive output in Table 4.6, should be considered.

High-pressure sodium (HPS) lamps provide the most light per energy input and are the most
economical when their color characteristics are suitable (The decided yellow color of low-pressure
sodium lamps is usualy unsatisfactory for most indudtrid areas). Thislamp is offered in awide choice of
wattages, ranging from anomina 70 watts to 1,000 wetts. Luminaire manufacturers aso offer a broad
variety of luminaires suitable for various goplications in outdoor lighting, manufacturing, and office

lighting.

Approximate Initia Lumens per Wett Including Ballast

Smaller Middle Larger
Sizes Sizes Sizes
Low Pressure Sodium 90 120 150
High Pressure Sodium 84 105 126
Meta Hdide 67 75 93
Fluorescent 66 74 70
Mercury 44 51 57
I ncandescent 17 22 24

Table 4.6: Alternative Lighting Systems

HPS lighting has found wide acceptance as warehouse lighting, where color rendition is usudly
not critica. The high calling height common in warehouses is wdl-suited to HPS lighting. To meet the
chdlenge of illuminating warehouse aides, asymmetricd luminares specificaly designed for aide lighting
ae avalable. Overlgp of light between fixtures will be adequate even if the luminares are as much as
three times as far gpart as their mounting height from the floor. HPS luminaires are dso available for
low mounting heights. The flexibility of HPS lighting has permitted sgnificant inroads into aress that
were formerly reserved for fluorescent lighting.

For comparable wattage, HPS lamps deliver about 50 percent more lumens than mercury
lamps, and 500 percent more than incandescent light sources.  Efficacy of most sources increases at

Modern Industrial Assessments 117



ELECTRICITY: LIGHTING

higher wattages, so for maximum economy, the HPS lighting system should be designed to use the
largest sized lamps that are consistent with good lighting practice and controlled brightness.

4.3.4. Summary of Different Lighting Technologies

The potentid for energy savings in lighting is twofold, the industry has produced some money

(but not many) energy saving products primarily because design engineers have specified excessve
lighting levels over the years, and secondly some technological advances have occurred.

| ncandescent

Incandescent lighting can be described by the following feetures:

Light produced by heating an dement until it glows.

Main reason for use is color rendition and dimming, athough recently dimming has been made
avallable for other types of light.

Reduced wattage/reduced output replacements are now available athough no more efficient.
Onetype of PAR lamp is now being offered which has ainfrared reflective film which makes the
filament hotter and brighter.

Fluorescent

Fuorescent lighting can be summed as follows:

Light is produced by emitting an dectronic fiedd which causes the phosphorous to glow
(fluoresce).

More efficient.

Vaying leves of color rendering are avalable depending on the qudity of the rare earth
phosphors, and the cost. Color rendering is arbitrary way to compare the color of the light
using sunlight as 100 percent.

New T8 ( one inch diameter ) lamps produce light more efficiently than previous lamps, but
must be used with electronic balasts.

Compact fluorescent - twin tube, exit Sgns. (mention temperature, ref.)

High Energy Discharge

118

The following types of lamps fal under the high energy discharge category.
Mercury Vapor

Metd Haide

High Pressure Sodium

Low Pressure Sodium

Modern Industrial Assessments



ELECTRICITY:LIGHTING

REFERENCES

1. Coombs, V.T., The Possbility of Energy Saving by the Correct Szing of Electric Motors,

Electrical Review, pp 744-746, December 1975

Levers, W.D., The Electrical Engineer's Chdlenge in Energy Consarvaion., IEEE Trans. on

Industrial Applications, 1A-11,4, 1975

Cotton, H., Principles of Electrical Technology, Pitman, 1967

Henderson, S.T., and Marsden, A.M., Lamps and Lighting, Arnold, 1972

Windett, A.S., Reducing the Cost of Electricity Supply, Gower Press, 1973

Zackrison, H.B., Energy Conservation Techniques for Engineers, Van Nostrand Reinhold

Company, 1984

7. Lyons, SL., Management Guide to Modern Industrial Lighting, Applied Science Publishers,
1972

8. llluminating Engineering Socidty, | ES Lighting Handbook, 1972

N

o 0k w

Modern Industrial Assessments 119






HEAT: BOILERS

5 HEAT

5.1. BOILERS

A boiler is a device that extracts energy in the form of heat from some type of fud through a
combustion process that can then be distributed to recessary areas to do useful work. In the process,
the carrying media (water or steam) transfers the energy as heat and is cyclicaly rehested again and
agan. There are examples that exist where the media (steam) is not returned, such as locomotives, but
in the indugtria processes covered in this manud it would congtitute an exception for the norm.  For the
most part, boilers are part of systems that take advantage of the phase changes that occur in substances
(for example water to steam). The phase changes are associated with large amount of energy storage
which can be later harnessed to perform work.

5.1.1. Introduction

There are three principa boiler categories. (1) naturd draft vs. forced draft, (2) hot water vs.
steam, and (3) fire in tube vs. water in tube. In anatura draft boiler, the combugtion air is drawn in by
natural convection and therefor there is little control over the air/fud ratio. For forced draft boilers, the
quantities of combustion air and air/fue mixture are controlled by a blower. Some boilers produce hot
water, typicaly in the 160° to 190°F range, while others produce steam. Steam boilers may be low
pressure (approximately 15 ps), medium pressure (15 to 150 ps), or high pressure (150 to 500 ps).
Findly, boilers may be fire in tube or water in tube boilers. In afire in tube boiler, the hot gases flow
through tubes that are immersed in water, where asin awater tube boiler, the water flows through tubes
heeted by the hot combustion gases. There are also some very high temperature and superhested
boilers but these are seldom encountered in typical manufacturing operations. Thetypical boiler used in
smdl to medium szed industrid operations is a forced draft steam boiler a 120-150 psi and
aoproximately 150 hp. The following measures are aso gpplicable to utility boilers. Other than the
mgor differences of not being naturd draft boilers and producing steam at greeter than 150 pd, utility
boilers are smilar to boilers commonly used by industry.

This section includes demand-side management drategies for boiler sysems. Combustion air
blower varidble frequency drives, ar/fud ratio reset, turbulators, high-pressure condensate return
systems, steam trap repair, and steam leak repair are discussed in this section.

5.1.2. Boiler Operation and Efficiency

The ided mode of a boiler operation is based on the Carnot cycle. The Carnot cycleis defined
as two reversible isothermal and two reversible adiabatic processes. Hest is added to the cycle during
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isothermal process at high temperature T, then follows a adiabatic process producing work as the
working fluid is expanded to a lower pressure, during the next isothermd stage, hest is regected to the
low temperature reservoir at T,. During the last stage the working fluid is adiabatically compressed to
finish the cydle. Carnot cycle is the mogt efficient cycle for given set of low and high temperatures and
its efficiency isgiven by:

h = 1-(DTL/TH)

The efficiency of ared boiler will dways be lower then theided cyde. If the Carnot cycleisto
work using a phase changing medium, a model can be represented in a four-stage system. The first
stage would be a boiler that operates at constant temperature while adding heet to the working medium.
The second stage would be an expansion device (turbine) that operates adiabaticaly. The third stage
would be a condenser that operates at constant temperature while regjecting heat from the medium and
the find stage would be a compressor or a pump that adiabaticaly brings the medium to the starting
point. Most boilers are designed to operate at near constant pressure. If the devices are operated near
the saturation region, they will operate at constant temperature as well as congtant pressure. The qudity
of medium is quite low at the end of expanson and the fluid before compression will be a mixture of
liquid and vapor.

Boiler Efficiency Tips

1. Conduct flue gases analysis on the boiler every two months. Optima percentages of O,, CO,,
and excess ar in the exhaust gases are given by:

Excess

02 CO2 Air
Fuel (%) (%) (%)
Natura 2.2 10.5 10
Gas
Liquid 4.0 125 20
Petroleum
Fud
Coa 4.5 14.5 25
Wood 5.0 155 30

Tableb5.1: Optimal Flue Gas Composition

The air fud ratio should be adjusted to the recommended optimum values if possible; however, a
boiler with a wide operating range may require a control system to congtantly adjust the ar-fud
ratio.
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2. A high flue gas temperature often reflects the existence of deposits and fouling on the fire and/or
water Sde(s) of the boiler. The resulting loss in boiler efficiency can be closdy estimated on the
basis that a 1-% efficiency loss occurs with every 40°F increase in stack temperature.

It is suggested that the stack gas temperature be recorded immediately after boiler servicing
(including tube cleaning) and that this value be used as the optimum reading. Stack gas temperature
readings should be taken on aregular basis and compared with the established optimum reading a
the same firing rate. A mgor variaion in the stack gas temperature indicates a drop in efficiency
and the need for ether ar-fud ratio adjusment or boiler tube cleaning. In the absence of any
reference temperature, it is normally expected that the stack temperature be less than 100°F above
the saturated steam temperature a a high firing rate in a saturated steam boiler (this doesn't apply to
boilers with economizers and air prehesters).

3. After an overhaul of the bailer, run the boiler and re-examine the tubes for cleanliness after thirty
days of operation. The accumulated amount of soot will establish the criterion as to the necessary
frequency of boiler tube deaning.

4. Check the burner head and orifice once aweek and clean if necessary.
5. Check dl controls frequently and keep them clean and dry.

6. For water in tube boilers that burn cod or ail, the soot should be blown out as much as once a day.
The Nationa Bureau of Standards indicates that 8 days of operation can result in an efficiency
reduction of as much as 8%, caused solely by sooting of the boiler tubes.

7. The frequency and amount of blowdown depends upon the amount and condition of the feedwater.
Check the operation of the blowdown system and make sure that excessve blowdown does not
occur. Normally, blowdown should be no more than 1% to 3% of steam outpui.

Purity of water used for seam generation is extremey important. It is not usualy possble to
use waters found in nature as boiler feedwater. Most of them can be used if properly trested, though.
What is necessary is the remova of impurities or their converson into some sort of harmless form.
Among other mears is a sysemdtic remova by blowdown. This way an excessve accumulation of
solidsis prevented. Water trestment prevents the formation of scale and dudge deposits on the interna
surfaces of boilers. Scale formations severdly retard the heet flow and cause overhesting of metd parts.
The scde build-up and heat transfer relationship is demongtrated in Figure 5.1.
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Excess | O2 CO2 | Net Stack Temperature
Air % % 220 |230 [240 |246 |250 [260 |270
0.0 00 [118 [853 |[851 [849 [848 |847 [845 [842
2.2 05 |115 [852 |[850 [848 [847 [846 [844 [841
45 10 [112 |[851 [849 [847 |[846 |845 [842 [840
6.9 15 |110 |850 |848 |846 |845 [844 [841 [839
95 20 |107 |849 |847 [845 [843 [842 [840 |838
121 |25 |104 |848 [846 [844 [842 [841 |839 [837
150 |30 [101 [847 [845 [842 [841 [840 |[838 |[835
180 [35 |98 |846 [844 [841 [840 [839 [836 |834
211 |40 |96 |845 [842 [840 |838 [837 |835 [832
245 |45 |93 [843 [841 [838 [837 [836 [833 [831
281 |50 |90 [842 [839 [837 |85 [834 [832 [829
319 |55 |87 [841 [838 [835 [834 [833 [830 [827
359 |60 |84 [839 [836 [833 [832 |81 |828 [825
203 |65 |82 |837 [834 [832 |[830 [829 [826 [823
249 |70 |79 [835 [833 [830 [828 [827 [824 [821
209 |75 |76 [834 [831 [828 |[826 [825 [822 [8L9
553 |80 |73 [831 [828 [825 |[823 [822 [819 [8L6
611 |85 |70 [829 [826 [823 [821 [820 [816 [8L3
673 |90 |67 [827 [823 [820 |[818 [8L7 [814 [8L0
742 |95 |65 [824 [821 [8L7 |[815 [814 [81L0 [807
816 100 |62 [821 [818 [81L4 [812 [8L1 [807 [803
808 105 |59 [818 [814 [811 |89 [807 |803 |[799
987 |110 |56 |8L5 [81.1 [807 [805 [803 [799 |795
1087 |115 |53 [811 [807 [803 [801 [797 |[794 |79.0
119.7 |120 |51 |806 [802 |798 |[794 [794 |789 |785

Table5.2: Boiler Efficiency (Natural Gas)
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Figure5.1:  Effect of Scale Thicknessin Boilerson Heat Transfer

Economizers use heat from moderately low temperature combustion gases after the gases leave
the steam generating section (or in many cases dso after ging through a superhesting segment).
Economizers are heating the feedwater after it is recelved from the water feed pumps, so the water
arives a a higher temperature into a sieam generating area. Economizers are once through forced flow
convection heat trandfer devices. A typical design uses sted tubes where the water is fed at pressures
higher than the pressure in the steam generation part. The feed rate has to correspond to the steam
output of the boiler. The following picture shows the effect of preheating of the feed water on the
efficency of aboailer unit.
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Figure5.2: Effects of Feedwater Preheat on Boiler System Efficiency

Although blowdowns are an absolute necessity for the operation of a bailer, it is important that
one redlizes that, depending on the pressure, each blowdown decreases the efficiency of the boiler. The
following pictureillugtrates this. Note how sharply the efficiency lossincreases with higher pressures.
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Combustion in Boilers

Heat is released through a process called “combustion” burning. Combustion is the release of
energy in the form of heat through the process of oxidation. The energy is stored in the bonds of carbon
based fuels that are broken down during combustion.

To make the combustion hagppen a mixture of fue, axygen and hest is necessary. During the
process of combustion, eements of fue mix with oxygen and reconfigure to form new combinations of
the same dements. Thereault is hegt, light and new eement combinations. The god is to maximize heat
and that can happen when the combustion processistightly controlled.

Complete Combustion:
CARBON + OXYGEN — WéngR
HY DROGEN NITROGEN NITROGEN
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CARBON

HYDROGEN

OXYGEN
NITROGEN
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SOOT +
ALDEHYDES

WATER

co,

CO

NITROGEN

Perfect combusgtion (stoichiometric combustion) is the process of burning the fuel without an

excess of combudtion air.
combustion products.

This process should develop the “ULTIMATE COZ2’ amounts in the

Naturd Gas (can vary) 11.7 - 12.1%
Propane 13.7%
No. 2 Oil 15.2%
No. 4 Oil 16.0%

Table5.3:

Ultimate CO2 Values

While these vdues can be sometimes achieved, Table 5.4: “Boiler Combustion Mixtures’ shows

redigic vaues.
Fud CO2 02 Excess Air
Naturd Gas 10.5% 35-4.0% 20%
Propane 11.0- 11.5% 35-4.0% 20%
No. 2 Qil 11.5- 12.0% 35-4.0% 20%
No. 4 Oil 12.5- 13.0% 35-4.0% 20%
Table5.4; Boiler Combustion Mixtures

Carbon in burning to carbon monoxide, gives off only about one third of the available heat. A
1/8 in. of soot on the heat exchanger increases fud consumption by over 8% as a rule of thumb.
Incomplete combustion, which results in the formation of CO, is dangerous because it is odorless,
colorless, tagteless, and contrary to popular belief, it is non-irritating. The gasis dso lighter than air and
consequently, if it is escaping from a plugged or leaking boiler firesde, can rise to occupied areas. CO
can only be detected with specid test or monitoring equipment.

Modern Industrial Assessments

129



HEAT: BOILERS

Causss of Incomplete Combustion

1

2.

3.

Insufficient or Too Much Oxygen

Air problems (rule of thumb - 1 cubic foot of air for every 100 Btu's of gross heeting vaue).
Minimum air intake openings for a given input.
Qil - unconfined = 28 square inches per gallon
confined = 140 square inches per gallon
Gas - draft hood = 1 square inch per 5,000 Btu
barometric = 1 square inch per 14,000 Btu
direct = 1 square inch per 17,500 Btu

Insufficient or too much fud

Fuel isnot vaporized - possble reasons

Worn nozzle

Clogged nozzle

Pump pressure isincorrect

Pump, lines filter or tank lines are clogged

Cold fud

Water infud - possible causes

a Supplier does't supply qudity fue

a Tank outsde

a Cover of thefill and vent not protected from elements

D D W D

Insufficient or incongstent heet

The ignition system is used to provide the proper temperature (called kindling point) for the light
off of the vaporized fud under design conditions. When design conditions are not met, light off
will not occur.

An established flame is usudly sufficient to maintain the kindling point. However, any time the
combustion temperature fals below the kindling point, the combustion triangle is broken and
combustion stops.

Safety device will shut the fud off within 3 seconds of flame failure.

Cdculating Combustion Efficiency

130

N

The caculation of combustion efficiency is based upon three factors.
Chemidry of fud

Net temperature of the stack gases

The percentage of oxygen or carbon dioxide by volumein the stack gases
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Eyebdling the flame for color, shgpe and dability is not enough for maximizing efficiency.
Commercid andyzers are avalable to accurately gauge combustion efficiency. The smplest units
measure only Oz or CO2.

Process Type Efficiency [%]
Fireplace 10-30
Space Heater 50-82
Commercid Atmospheric Gas Bailer 70-82
Oil Power Burner 73-85
Gas Power Burner 75-83
Condengng Furnace (Gas or Qil) 85-93

Table5b.5; Combustion Efficiencies

There are no standard performance efficiency leves that commercid boiler manufacturers must
adhereto. The€fficiency isreported in different terms.

Thermd Effidency - A measure of effectiveness of the heat exchanger. It does not account for
radiation and convection losses.

Fuel to Steam Efficency - Thisterm is a measure of the overdl efficiency of the bailer. It accounts
for radiation and convection losses.

Boiler Efficiency - Used both ways.

The cost savings in boiler operation can be achieved by employing sysem controls.
Temperature setback devices can result in savings up to 18% of annud hegting costs. The controllers
can sense the temperature insde or outsde, possbly both. They control the boiler cycling and/or
control vaves based upon the ratio of the two inputs and the rate of change of each. Burner controls
maximize the burner’s efficiency. This can be done by using two-sage (high-low) burners. Another
possbility is utilization of higher voltage eectronic ignition, which improves light off and consequently
reduces associated soot accumulation.  Employment of interrupted ignition reduces the run time of
ignition components by approximately 98% during hesting season. Thisin turn increases ignition life.

5.1.3. Typical Performance | mprovements

Some performance improvements are easily achieved and most of them are redly just proper
maintenance or operation procedures. This section covers afew of the more common ones.
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Adjustment of Fuel and Air Ratio

Description
For each fuel type, there is an optimum value for the air/fud ratio. For naturd gas boilers, thisis

10% excess air, which corresponds to 2.2% oxygen in the flue gas. For cod-fired boilers, the
values are 20% excess ar and 4% oxygen. Because it is difficult to reach and maintain these
vaues in mogt boilers, it is recommended that the boiler air/fud raio be adjusted to give a
reading of 3% oxygen in the flue gas (about 15% excess air) for gas-fired boilers and 4.5%
(25% excess air) for coa-fired boilers. Combugtion andyzers are available that give readings
are available for less than $1,000, and it is often recommended that these be purchased. For
natura gas bailers, the efficiency isafunction of excess/deficient air and stack temperature. The
curves for ail- and coal-fired boilers are smilar. Because the efficiency decreases rgpidly with
deficient air, it is better to have a dight amount of excess air.  Also, the efficiency decreases as
the stack gas temperature incresses. As a rule of thumb, the stack temperature should be 50°
to 100°F above the temperature of the hested 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 ages, the air/fud ratio will need readjusting. It is recommended that the
ar/fue ratio be checked as often as monthly.

Definitions
Stack Gases - The combugtion gases that heat the water and are then exhausted out the stack

(chimney).
Air/Fuel Ratio - Theratio of combustion air to fuel supplied to the burner.

Applicabili

Fadility Type- Any facility that has aforced draft boiler.
Climate - All climates.

Demand- Side Management Strategy - Strategic conservation.

For More Information:
Dyer, D.P.,, G. Maples, etc., Boiler Efficiency Improvement, Boiler Efficiency Ingtitute, Auburn, AL,
1981, pp. 4-31.

Air/Fuel Ratio Reset: Costs and Benefitsl

Installed Costs Energy Savings  Cost Savings  Simple Payback

Options %) (MM Btulyr) ($lyr)s (yn
Air/Fud 1,673 2,339 5,691 0.3
Ratio Reset

1. Tabulated data were taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. The implementation rate for this measure was 70%.

2. One example from the IAC data base to further clarify the costsis as follows: Adjusting the air/fuel ratio on a6.3
MMBtu/h boiler at a concrete plant resulted in energy and cost savings of 1,814 MMBtu/yr and $4,760/yr. The
implementation cost was $1,500, which was the cost for flue gas analysis equipment and labor.
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3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

§ Case Study #1: Adjust Boiler Air-Fuel Ratio

IMPLEMENT PERIODIC INSPECTION AND ADJUSTMENT
OF COMBUSTION IN A NATURAL GASFIRED BOILER

Current Practice and Observations
During the audit, the exhaust from the boilers was andyzed. This analyss reveded excess
oxygen levels that result in unnecessary energy consumption.

Recommended Action

Many factors including environmental considerations, cleanliness, quality of fud, etc. contribute to the
effident combudion of fudsin boilers. It is therefore necessary to carefully monitor the performance of
boilers and tune the air/fud ratio quite often. Best performance is obtained by the ingalation of an
automatic oxygen trim system, which will automaticdly adjust the combugtion to changing conditions.
With the rdatively modest amounts spent last year on fud for these boilers, the expense of atrim system
on each boiler could not be judtified. However, it is recommended that the portable flue gas andyzer be
used in a rigorous program of weekly boiler inspection and adjusment for the two boilers used in this
plant.

Anticipated Savings

The optimum amount of O2 in the flue gas of a gas fired boailer is 2.0%, which corresponds to
10% excess ar. Measurements taken from the stack on the 300 HP boiler gave a temperature of
400°F and a percentage of oxygen a 6.2%. By controlling combustion the lean mixture could be
brought to 10% excess air or an excess O2 level of 2%. This could provide a possible fue savings of
3%.

The 300 HP natural gas boiler is used both for production and heeting. 1t is estimated that 100% of the
natural gas is consumed in the bailer.

Therefore the total savings would be:

Savingsin Fud (thermoslyr): = (% burned in boilers) x (annua thermos per year) x (percent
possible fud savings)

(2.0 x (56,787 thermos/yr) x (0.02)
1,136 thermos/yr
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Savingsin Dollars ($yr):

Implementation

(thermos Saved/yr) x (cost/therm)
1,136 thermos/yr x $0.644/therm
$732/yr

It is recommended that you purchase a portable flue gas andyzer and inditute a program of
monthly boiler ingpection and adjustment of the boilers used in the plant. The cost of such an andyzer is
about $500 and the ingpection and burner adjustment could be done by the current maintenance
personnd. The smple payback is:

Simple Payback = 8.2 months

28

$500 cost / $732 = 8.2 months
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! Energy Conservation Program Guide for Industry and Commerce, Nationd Bureau of
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Note: Fud savings determined by these curves reflect the following approximation: The improvement in
efficdency of radiant and combination radiant and convective heeters or boilers without air pre-heaters
that can be redized by reducing excess air is 1.5 times the apparent efficiency improvement from air
reduction aone due to the accompanying decrease in flue gas temperature.

As an example, for a stack temperature of 600°FF and O2 in flue gas of 6%, the fudl savings
would be 3%. If desired, excessair may be determined as being 36%.

§ Case Study #2: Adjust Boiler Air-Fuel Ratio

IMPLEMENT PERIODIC INSPECTION AND ADJUSTMENT
OF COMBUSTION IN AN OIL FIRED BOILER

Current Practice and Observations
During the audit, flue gas samples were taken from the boiler. The boiler was operating with
too much excess air resulting in unnecessary fuel consumption

Recommended Action

Many factors including environmental considerations, cleanliness, quality of fud, etc. contribute to the
efficient combugtion of fuelsin bailers. It is therefore necessary to carefully monitor the performance of
boilers and tune the ar/fud ratio quite often. Best performance is obtained by the ingalation of an
automatic oxygen trim system that will autometicaly adjust the combustion to changing conditions. With
the relaively modest amounts spent last year on fuel for these boilers, the expense of a trim system on
each boiler could not be judtified. However, it is recommended that the portable flue gas analyzer be
used in a rigorous program of weekly boiler ingpection and adjustment for the two boilers used in this
plant.

Anticipated Savings

The optimum amount of O2 in the flue gas of an ail fired boiler is 3.7%, which corresponds to
20% excess air. The boiler measured had an O2 level of 8.5 % and a stack temperature of 400°F.
From the Figure 5.6, using the measured stack temperature and excess oxygen for the boiler indicates a
possible fud saving of nearly 4.0% for the ail fired boiler.

It is assumed that the boiler consumes dl of the fud oil consumed during the year. The possible
savingsis then the sum of the products of amount used and percent saved.

ES = (10,339 gdlons/yr) x (0.04 savings.) = 414 gdlonslyr
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Therefore the total cost savings would be:
Cogt Savings = (414 gdlonglyr) x ($1.03/gallon) = $426/yr

Total Annual Savings = $426

Implementation

It is recommended that you purchase a portable flue gas andyzer and indtitute a program of
monthly boiler ingpection and adjustment of the boilers used in the plant. The cogt of such an andlyzer is
about $500 and the ingpection and burner adjustment could be done by the current maintenance
personnel. The smple payback period will then be:

$500 implementation cost / $426 savings = 1.2 years

Simple Payback = 1.2 years
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Figure5.6:  Liquid Petroleum Fue Savings2

Note: Fued savings determined by these curves reflect the following gpproximation:  The improvement in
efficiency of radiant and combination radiant and convective heaters or boilers without air pre-heaters
that can be redized by reducing excess air is 1.5 times the apparent efficiency improvement from ar
reduction. Thisis due to the decrease in flue gas temperature which must follow increased air input.

As an example, for a stack temperature of 800°F and O2 in flue gas of 6%, the fud savings
would be 3%. If desired, excessair may be determined as being 36%.

For further recommendations, see the “Boiler Efficiency Tips’ in Section 5.1.2.1.

Elimination of Seam Leaks

Description

Sgnificant savings can be redized by locating and repairing lesks in live seam lines and in
condensate return lines. Legks in the steam lines dlow steam to be wasted, resulting in higher steam
production requirements from the boiler to meet the system needs. Condensate return lines that are
lesky return less condensate to the boiler, increasing the quantity of required make-up water. Because
make-up water is cooler than condensate return water, more energy would be required to heat the
boiler feedwater. Water trestment would aso increase as the make-up water quantity increased.
Leaks mogt often occur a the fittings in the sseam and condensate pipe sysems.  Savings for this
measure depend on the boiler efficiency, the annua hours during which the lesks occur, the boiler
operating pressure, and the enthal pies of the steam and boiler feedwater.

Ddfinitions

Enthapy - A measure of the energy content of a substance.
Applicability

Facility Type- Any facility having asteam boiler.

Climate - All climates
Demand- Side Management Strategy - Strategic conservation.

Steam Leak Repair: Costs and Benefitsl

Ingtalled Costs  Energy Savings  Cost Savings Simple Payback
Options ($2 (MMBtulyr) ($yn)3 (yr)

2.Energy Conservation Program Guide For Industry and Commerce, Nationd Bureau of
Standards Handbook 115, September 1974, p.3-48.
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Steam Leak 873 1,628 5,548 0.2
Repair

1. Tabulated datawere taken from the Industrial Assessment Center (IAC) database. All valuesare averages based
on the data base data. The implementation rate for this measure was 81%.

2. One example from the IAC data base to further clarify the costsis as follows: Repairing steam leaks on a 600 hp
boiler system at a rendering plant resulted in energy and cost savings of 986 MMBtu/yr and $4,535/yr. The
implementation cost was $350.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

Maintenance of Seam Traps

Description

A steam trgp holds steam in the steam coil until the steam gives up its latent heat and condenses.
In a flash tank system without a steam trap (or a mafunctioning trap), the steam in the process hesting
coil would have a shorter residence time and not completely condense. The uncondensed high-qudity
steam would be then lost out of the steam discharge pipe on the flash tank. Comparing the temperature
on each sde of the trap can easlly check steam trap operation. If the trap is working properly, there
will be alarge temperature difference between the two sides of the trgp. A clear Sgn that atrap is not
working is the presence of steam downstream of the trap. Nonworking steam tragps alow steam to be
wasted, resulting in higher steam production requirement from the boiler to meet the system needs. It is
not uncommon that, over time, steam traps wear and no longer function properly.

Definitions
Condensate - The hot water that is created from the steam that has condensed.

Applicability

Facility Type- Any fadility having a steam boailer.

Climate - All climates.

Demand- Side Management Strategy - Strategic conservation.

For More Information
Kennedy, W.J., W.C. Turner, Energy Management, Prentice-Hall, Englewood Cliffs, NJ, 1984.

Steam Trap Repair: Costs and Benefitsl

Installed Cogts Energy Savings  Cost Savings  Simple Payback

Options ($)2 (MMBtulyr) ($yn3 (yr)
Steam Trap 2,560 5431 14,885 0.17
Repair

1. Tabulated datawere taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 79%.
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2. One example from the IAC data base to further clarify the costsis as follows: Repairing one steam trap resulted in
energy and cost savings of 105 MMBtu/yr and $483/yr on a 600 hp boiler at a rendering plant. The
implementation cost was $220.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

High Pressure Condensate Return Systems

Description

If pressurized condensate return is exposed to atmaospheric pressure, flashing will occur. Flash
tanks are often desgned into a pressurized return sysem to dlow flashing and to remove
noncondensable gases from the seam. The resulting low-pressure steam in the flash tank can often be
used as a heat source. A more efficient dternative is to return the pressurized condensate directly to the
baoiler through a high-pressure condensate return system. Heat losses due to flashing are significant,
especidly for high-pressure steam systems. Steam lost due to flashing must be replaced by water from
the city mains (at approximatdy 55°F). This causes the feedwater mixture to the boiler to be
ggnificantly below its boiling point, resulting in higher fuel consumption required by the bailer to increase
the temperature of the feedwater to the boiling point. The water trestment costs are dso greater with
increased amounts of flash losses.

In a retrofit gpplication, a closed, high-pressure condensate return system would prevent the
flashing that occurs in the exiging system by returning the condensate to the boiler at a higher pressure
and temperature, thereby reducing boiler energy requirements and water treatment cods.
Noncondensable gases (such as air and those formed from the decomposition of carbonates in the
boiler feedwater trestment chemicals) can be removed from a closed condensate return system through
the use of variable orifice discharge modules (VODMS). VODMS are smilar to steam traps in that
they return condensate but aso can remove noncondensable gases. In a system that does not contain
VODMS, these gases can remain in the steam coil of the equipment being heated and can form pockets
of gas that have the effect of insulating the heet transfer surfaces, thus reducing heet transfer and
decreasing boiler efficiency.

Definitiors
Hashing - Pressurized condensate changes phase into steam if the pressure is suddenly reduced.

Applicability

Facility Type - All fadlities that have a team system with a high- pressure condensate return system.
Climate - All climates

Demand- Side Management Strategy - Strategic conservation.

For More Information
Industrid Assessment Center (IAC). Contact the IAC nearest to your area.

High Pressure Condensate Return Systems: Costs and Benefitsl
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Ingtalled Costs  Enegy Savings  Cogt Savings Simple Payback

Options ($)2 (MMBtulyr) ($/yn3 (yr)
High Pressure

Condensate 31,341 2,850 12,791 24
Return

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. Theimplementation rate for this measure was 59%.

2. One example from the IAC data base to further clarify the costs is as follows: Installing of high-pressure
condensate return system equipment at food processing plant resulted in energy and cost savings of 4,727
MM Btu/yr and $14,100/yr. The implementation cost was $37,000.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

Variable Frequency Drives for Combustion Air Blowers

Description
The load on a boiler typicdly varies with time, and, consequently, the boiler varies between low

and high fire. The amount of combustion air required changes accordingly. Common practice has been
to control a damper or vary the pogitions of the inlet vanesin order to control the air flow; that is, when
inlet air is required the damper is essentidly closed and is opened, as more air is required. Thisisan
inefficient method of air flow control because air is drawn againg a partidly closed damper whenever
the maximum amount of combustion air is not required. It is much more efficient to vary the speed of
the blower by inddling a variadle-frequency drive on a blower motor (Note that it is sometimes
expengve to inddl a variable-frequency driveif inlet vanes exist). Because the power required to move
the air is approximately proportiona to the cube of the air flow rate, decreasing the flow rate by afactor
of two will result in areduction of power by afactor of eight. This measureis particularly sgnificant on
boilers of 3.3 MMBtuh or gresater.

Combustion ar blower varigble-frequency drives are avalable from boiler manufacturers for
new boiler ingdlation. They also may be retrofitted to an existing boiler with few changesto the boiler.

Definitions
Fring Rate - As the load on a boiler varies, the amount of fuel supplied to the boiler varies in order to
meatch the load.

Applicability

Facility Type - Applicable to any facility that has alarge, forced draft boiler
Climate - All climates.

Demand- Side Management Strategy - Strategic conservation.
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For More Information

Industrial Assessment Center (IAC). Contact the IAC nearest to your area.

Witte, L.C., P. S. Schmidt, D.R. Brown, Industria Energy Management and Utilization, Hemisphere
Publishing Corp., Washington, DC, 1988, pp. 530-532.

(ASD) - Variable-Frequency Drives. Costs and Benefitsl

Installed Cogts Energy Savings  Cogt Savings  Simple Payback
Options ($)2 (MMBtu/yr) ($/yn3 (yr)
Combustion
Air Blower
Vaiale- 23,967 1,115 13,789 1.7

Frequency
Drives

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. The implementation rate for this measure was 33%.

2. Oneexamplefrom the |AC data base to further clarify the costsis as follows: Installing variable speed drives and
corresponding controls on two 250 hp combustion air fans at a food processing plant resulted in energy and
cost savings of 488,445 kWh/yr and $28,000/yr. The implementation cost was $80,000.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually

almost identical to actual savings reported from the facility.

5.2. HEAT RECOVERY SYSTEMS

Heet recovery systems are ingaled to make use of some of the energy which otherwise would
be logt into the surroundings. Usudly, the systems use a hot media leaving the process to prehesat other,
or sometimes the same, media entering the process. Thus energy otherwise lost, does useful work.

5.2.1. General Consderations

The first step in heet recovery andyssis to survey the plant and take readings of al recoverable
energy that is being discharged into the amosphere. The survey should include anaysis of the following
conditions.

Exhaust stack temperatures

Flow rates through equipment

Particulates, corrosives of condensable vaporsin the air stream

Ventilation, process exhaust and combustion equipment exhaust are the mgor sources of
recoverable energy. Table 5.6 illugtrates typicd energy savings achieved by preheating combustion air
with hot exhaust gases from process or furnaces.

Furnace Combustion air preheat temperature, °F
outlet
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Temp. | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300
oF
2600 | 22 | 26 | 30 | 34 | 37 | 40 | 43 | 46 | 48 | 50
2500 | 20 | 24 | 28 | 32 | 35 | 38 | 41 | 43 | 45 | 48
2400 | 18 | 22 | 26 | 30 | 33 | 36 | 38 | 41 | 43 | 45

43

41

2300 17 21 24 28 31 34 36 39 41
2200 16 20 23 26 29 32 34 37 39
2100 15 18 22 25 28 30 33 35 37 39
2000 14 17 20 23 26 29 31 33 36 38
1900 13 16 19 22 25 27 30 32 34 36
1800 13 16 19 21 24 26 29 31 33 35
1700 12 15 18 20 23 25 27 30 32 33
1600 11 14 17 19 22 24 26 28 30 32
1500 11 14 16 19 21 23 25 27 29 31

1400 10 13 16 18 20 22 25 27 28 30

Note: 1. Numbers represent fuel savings, in percent.

2. Natural gas with 10% excess air. Other charts are available for different fuels and various amount of excess
ar.

Table5.6: Fuel Savings Realized by Preheating Combustion Air

Regardless of the amount or temperature of the energy discharged, recovery isimpractica unless the
heat can be effectively used somewhere ese. Also, the recovered heat must be avalable when it is
needed.
Waste and heat recovery systems can be adapted to several applications:
" Space hesting
Make-up ar hesting
Water hesting
Process heating
Combustion air preheating
Boiler feed water prehedting
Process cooling or absorption air conditioning

5.2.2. Typesof Heat Recovery Equipment

Choosing the type of hesat recovery device for a particuar application depends on a number of
factors. For example air-to-air equipment is the most practica choice if the point of recovery and use
are closly coupled. Air-to-liquid equipment is the logical choice if longer distances are involved.
Included in this section are five types of heat recovery systems.

b Economizers
P Heat pipes
P Shdl and tube heat exchangers
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P Regenerdive units
P Recuperators

Economizers

Economizers are air-to-liquid heat exchangers. Their primary gpplication is to preheat boiler
feed water. They may aso be used to heat process or domestic water, or to provide hot liquids for
gpace hegting or make-up ar heating equipment.

The basic operation is as follows Sensble hegt is trandferred from the flue gases to the
deaerated feed water, as the liquid flows through a series of tubes in the economizer, which islocated in
the exhaust stack.

Most economizers have finned tube heat exchangers constructed of sainless stedl while the inlet
and outlet ducts are carbon gted lined with suitable insulation. Maximum recommended waste gas
temperatures for standard units are around 1,800°F. According to economizer manufacturers, fuel
consumption is reduced approximately 1% for each 40°F reduction in flue gas temperature. The higher
the flue gas temperature the grester potentid for energy savings.

Heat Pipes

The heat pipe theemd recovery unit is a counter flow ar-to-air heat exchanger. Hot ar is
passed through one side of the heat exchanger and cold air is passed through the other sde in the
opposte direction. Heat pipes are usudly applied to process equipment in which discharge
temperatures are between 150 and 850 °F. There are three general classes of application for heat
pIpes.

1. Recycling heat from a process back into a process (process-to- process)
2. Recycling heat from a process for comfort and make-up air hegting (process-to-comfort)
3. Conditioning make-up air to a building (comfort-to-comfort)

Heat pipes recover between 60 to 80% of the sensible heat between the two air sreams. A
wide range of Szes is available, capable of handling 500 to 20,000 cubic feet of ar per minute. The
main advantages of the hesat pipe are:

No cross contamination
Operates without external power
Operates without moving parts
Occupies aminimum of space
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Shell and Tube Heat Exchangers

Shdl and tube heat exchangers are liquid-to-liquid heet trandfer devices. Ther primary
application is to preheat domestic water for toilets and showers or to provide hested water for space
heating or process purposes.

The shell and tube heat exchanger is usudly applied to a furnace process cooling water system,
and is capable of producing hot water approaching 5 to 10°F of the water temperature off the furnace.
To determine the heet trandfer cgpacity of the heat exchanger the following conditions of the operation
must be known:

1. Theamount of water to be heated in gdlons per hour

2. Theamount of hot process water available in gallons per hour
3. Inlet water temperature and final water temperature desired
4. Inlet process water temperature

Regenerative Unit (Heat Wheel)

The heat whed is a rotary air-to-air energy exchanger which is ingaled between the exhaust
and supply air duct work in a make-up or air heating system. It recovers 70 to 90% of the total hest
from the exhaugt air stream. Glass fiber ceramic heat recovery wheds can be utilized for preheating
combustion air with exhaugt flue gas as high as 2,000°F. Hest whedls congist of rotating whed, drive
mechanism, partitions, frames, air seds and purge section. Regeneration is continuous as energy is
picked up by the whed in the hot section, stored and transferred to the cooler air in the supply section
as the whed rotates through it.

Recuperators

Recuperators are air-to-air heat exchangers built to provide efficient transfer of heat from hot
exhaust gasesto cooler air stream.  Recuperators are generdly used in the following processes:

Preheeting combustion air

Preheating materia that has to be heeted in the process

Recovery heat from hot gas to supplement or replace the primary heat source in process or

comfort heating gpplications

There are many different types of recuperator designs available today. The recuperator
described below is primarily used for combustion air prehesating.

It consgs of three basic cylinders, the hot gases flow up through the inner cylinder, cold
combustion ar enters at the bottom of the outer cylinder, flows upward and down through the middie
cylinder, exiting from the bottom of the middle cylinder. Hesat energy from exhaust gases is tranderred
through the inner cylinder wall to the combusgtion ar by a combination of conduction and radiation hegt
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transfer. The net effect is preheated air temperature as high as 1,000°F with inlet exhaust gases entering
at 2,000°F and exiting at 1,300°F.

5.3. HEATING SYSTEMS

Heating systems are an integra part of industry today. They are used for process heating,
drying, and comfort/space heeting. The man purpose of industrial pace hedting is to provide
comfortable conditions for the people working in these areas but also for purposes such as storage of
goods or providing a precise environmert for sengtive equipmen.

5.3.1. Overview

The objective of heeting is to produce a steady, ba anced environment regardless of the outsde
conditions. The type of clothing worn and the additional heat sources such as process waste heat must
also be considered when implementing a syssem. Consarvation of energy in heeting means getting the
mogt efficient use out of energy while consuming as little as possble. Energy can be conserved by
reducing building heet loss by filling gaps and properly insulating.  Avoiding overheeting practices such
as hesting a building when it is unoccupied can dso save in energy costs.

The exiging indudtrid hegting systems are for the most part inefficient, dated and are often the
principa consumers of energy. The mogt widdy used system is the conventiond convection hester
which is highly inefficient and consumes large amounts of energy. Convection heaters use the circulation
of steam or high-pressure hot water in order to generate space heet. Inefficiencies can be attributed to
the fact that much energy is logt in heating the space, or the medium, surrounding the object. It then
relies on convection between the medium and the surface of the object to increase its temperature, or
creste warmth.

Ancther dilemma associated with space hegting involves the loss of heat due to dratification
Most systems are designed to heat an area in order to maintain a desired temperature.  Energy is
wasted because a mgority of the heat is elther logt to infiltration and ventilation or eventualy risesto the
caling leve requiring more energy to keep the working level heated. There are severd energy
conservation opportunities that can be applied to these operations to reduce the use of energy. This
section describes these measures, namely dedtratification fans and radiant heating systems, and how they
can be gpplied in industry.

5.3.2. Dedsratification Fans

Dedratification fans are used to destratify air in buildings. In this section the theory of operation
and some design considerations will be covered.
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Introduction

Strétification is a result of an increasing air temperature gradient between the floor and the
ceiling in an enclosed area, usudly due to stagnant air. When there is insufficient air movement, the hot
ar will riseto the calling, resulting in warmer temperatures in the upper portion of the areaand cooler air
temperatures at the working level near the floor. An example of drétification is shown in Figure 5.7(a).
If dratification is present, the heating requirements of the facility are increased because the hesting
system is continualy working to maintain the thermostat setpoint temperature. The thermodtat setpoint
operates according to the temperature at the working level. Much effort is required to make up for the
heat the working level loses due to this physica occurrence. The dedtratification process initiates the
movement of the air, cregting a more uniform temperature distribution within the enclosed space. The
ar temperaure a the floor level becomes nearly equa to the air temperature at the ceiling thus reducing
the amount of energy needed to hest the facility. The amount of heet logt to ventilation and infiltration is
also reduced due to the overal reduction in heat being generated.

Ceiling Fans

The badic function in degtrétification is to pull the ar from the celling level down to the floor leve
and adlow it to mix with the cooler air and increase the temperature at the working level. This benefits
the comfort of the workers and aso reduces the energy use of the facility. This process can be
accomplished by two different means. The first and most common device used is the ceiling fan. The
fan draws the air from above the fan and forces it downward by the power of the specific motor and
blade combination. The resulting motion is an ar plume, with the warm ar moving downward and
outward and essentidly creating an mixture like the one shown in Figure 5.7(b). The totd ar volume
and coverage is dependent on the motor size, height of the fan and the specifications of the fan blade
(design, Sze, rpm).  Ceiling fans are dso gpplicable in cooling conditions. It creates motion in the air
and this can assst with evgporative cooling of the skin surface. The tota number of fans needed for a
facility can be determined by the following equation.

Tota Plant Area = Number of Fans Needed
Fan Area Coverage

The Fan area coverage depends on the type and size of fan used and this information can
usudly be obtained from the fan manufacturer. Placement of the fans is dso important. The smplest
method of determining placement is to caculate distance between each fan. This can be accomplished

by using

Distance = Q(Fan Area Coverage)
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Corner fans should be placed hdf this distance from each wall and consecutive fans should be
placed this distance apart to obtain maximum coverage. Obstacles such as stacked merchandise or
office partitions should be taken into congderation when choosing and placing fans.

§ Case Study

In calculaing the energy and cost savings of this implementation it is first necessary to calculate
the Energy Savings of the fans (Es ).

Esr={[(UXA)w + (UXxA), X DHar + (U X A)c X DHcr -
[(U X A)W + (U X A)| + (U X A)C] X DHPT} | EFF

where
U = hest transfer coefficient
A =area
DHar = annud heating degree hours at current average temperature
DHcr = annua heeting degree hours at celling temperature
DHpr = annua heating degree hours at proposed mixed temperature
EFF = efficiency of the heating system

subscripts
w = of thewadlls, windows, and doors
| = of theinfiltration
¢ = of caling/roof
The amount of additiond energy consumed by the dedtratification fansis given by
Epr = Number of Fans” W~ OH
where
W = wattage of each fan

OH = operating hours during the heating season
Thetota annua energy savings (ES) can now be found by

ES=EsF -EpDF

Using thisinformetion, it is Smple to calculate the annua cost savings (CS) of thisimplementation.
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CS=(E s,r x Fud Cost) - (E pF x Fue Demand Cost)
Findly asmple payback can be found usng

Payback = (Number of Fans x (Cost per Fan + Ingtalation Cost)) / CS

A case sudy for one plant yielded a potential energy savings of 305.59 MM Btu/yr with cost
savings of $1,643.20. This measure, which involved 19 fans, had an implementation cost of $3,420.
The suggested fan type was the 60° modd, estimated to cover about 2,150 ft2, with a price of
approximately $90 per unit and an ingdlation cost of $90, resulting in a tota of $180 per fan. The
smple payback period was 2.08 years. The typica payback period for the ingtdlation of destratification
fansis gpproximately 2 years.

Ducting

Another option for destratifying the ar is to ingdl a hanging device that uses a fan to pull the
warm air from the ceiling, sends it downward through a duct/tube and redistributes the air at the floor
level as shown in Figure 5.7(c). This device has its advantages and disadvantages. It aids in the
dedtratification process and crestes a more uniform temperature distribution without creating disturbing
drafts. Itisdso ampleto ingal and can easily be relocated throughout the building. On the other hand,
these devices may be a bit cumbersome and unsghtly. They would extend from the ceiling down to the
floor and create additional obstacles for the workers or just may not be appropriate for some areas of
the plant. These devices aso do not possess the cooling gpplications o the cealling fans and are only
useful for the heating season.

7

@ (b) ©

Figure5.7: Stratification and Destr atification of Air
a) Stratification air pattern, (b) Dedratification ar pattern using a ceiling fan,
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(c) Dedratification air pattern using ducting

5.3.3. Electric Heating

Electricd resistance heeting is often inexpensive and convenient to ingal. However, eectric
energy codts at least twice as much as other sources of heat, such as steam or naturd gas, athough
greater efficiency in use may patidly offset this difference. Before a decison is made to heet with
electricity, the savings these dternative sources can produce should be evaluated in relation to the cost
to inddl them. For example, consider the replacement of a 500,000-Btu-per hour electric heater with a
500,00- Btu-per-hour natural gas dryer.

Annua Cogt of ELECTRIC HEATER
= 500,000 Btw/hr © $14.65/10° Btu "~ 80% Eff.~ 6,000 hrs/yr = $35,200

Annua Cost of Natural Gas Dryer
= 500,000 Btw/hr © $3.00/10° Btu~ 50% Eff.~ 6,000 hrglyr = $4,500

The energy cost saving is = $35,200 - $4,500 = $30,700/yr

5.3.4. Radiant Heaters

Radiant heaters are used for heating spaces by converting ectric or gas energy. It isimportant
to think thoroughly about the whole picture before recommending radiant heeters because if consdered
in isolation they probably would not make an economic sense.

Introduction

When dedling with the use of energy for the purpose of heating sometimes it is better to ded
directly with the source of the problem. Convection hegters are inefficient heating devices in themsdlves.
A lot of energy is wasted in heating the space and using that heeted air to convectively warm the people
and/or objects within that space. Radiant heaters take a different approach. Radiant heaters operate
gmilar to the sun. Radiant energy is trandferred a the speed of light as dectromagnetic waves. The
heaters emit infrared radiation which is absorbed by the people/objects that it strikes, which elevates the
temperature of the body, but does not heet the air through which it travels.

Types of Radiant Systems

Radiant heating systems can be gas-fired or dectric. Thetype of radiant heating system used is
determined by the sources available from the building in which the system is inddled. For example,
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eectric radiant heating systems may be inddled in an area of the building where gas is unavailable.
Naturd gas is more cogt effective than eectricity and produces lower operating costs. The efficiencies
for both dectric and gas systems are gpproximately the same but natural gas infrared systems have a
longer lifetime. A radiant hegting system is often a rdatively easy retrofit measure but may aso be
integrated into new congtruction. Radiant heaters come in different sizes, styles and shapes according to
their gpplication. Figure 5.8 shows a typicd example of a radiant heater. In relation to equipment
performance, radiant sources can be categorized into four groups. A low temperature system has
source temperatures up to 300°F and would typicaly be used as a floor or ceiling heater. A low-
intensity system has sources up to 1200°F. A medium-intensity system has temperatures up to 1800°F
and would typicaly include a porous matrix unit. High-intengty systems have source temperatures up to
5000°F and usudly consist of an eectrica reflector lamp and high temperature resistors.  Low-
temperature heating systems are usudly use in resdentid and perimeter heating applications such as
schools, offices, and airports. These systems are often incorporated directly into the building structure.
Low-, medium-, and high-intensity systems have more industrid and commercid uses and are usudly
assembled units that are ingtalled into existing structures.

Figure5.8: Infrared Radiant Heater

Applications

Use of radiant systems is ided for comfort heating. Since the infrared radiation eevates body
temperature without hegting the air through which it travels, the same degree of comfort provided by the
convection heaters can be maintained a lower indoor air temperatures with radiant heaters. This
messure dso diminates the problem of dratification. It isbeneficid to use these hestersin spaces where
the cellings are high and dratification is prominent. It is aso very practicd for areas that are frequently
exposed to the outsde air such as loading docks. Radiant spot hesting helps workers to maintain a
comfortable working temperaiure even though the space ar may be cold. Radiant heat, unlike
convection, does not require a medium to travel through and thus has a much higher heet transfer rate.
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An advantage of this is its short response time.  The person/object will fed the effects of the system
shortly after it isengaged. Therate of energy transfer is dependent upon many different factorsincluding
temperature, emissvity, reflectivity, absorptivity, and transmissvity. Emissvity is a radiative property
that indicates how efficiently the surface emits compared to an ided radiator and its value ranges
between 0 and 1. Reflectivity, absorptivity, and transmissivity are the fractions of incident radiation
reflected, absorbed, and transmitted, respectively.

For use in process hesating, the conventiona heeting methods can aso be replaced with radiant
systems. Since radiation does not need to tave through a medium, more hesating work can be
accomplished in less space. The response time when compared with convection heeters can prove to
be an advantage in these indudtrid gpplications. The shut down time for an infrared burner varies from
one to 30 seconds. Gas or eectric radiant heaters may be used for different heating applications.
Applications include cooking, broiling, melting and curing metals, curing and drying rubber and plagtics,
and preshrinking and finishing of textiles.

§ Case Studies

In caculating the energy and cost savings for using infrared radiant heeters the method differs
according to the gpplication of the system.

Comfort hesting
For the radiant comfort hegting system, the method is quite simple. Firgt caculate the amount of
energy (ErH) consumed by the infrared units.

Erq=HL = Number of Units” PR"~ OH
where
HL = average hesting load
PR = totd power rating of each unit
OH = operating hours per year

Next, an estimate of the current energy usage for the convective heaters (EcH) must be made.
Then taking the difference in these two vaues,

ES = EcH - ErH

the totd annua energy savings can be determined. Multiplying this number by the cost of fuel yidds the
total cost savingsfor the year.

CS=ES " Fud Cost
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Or an dternate method for computing these savings is Smply

ES = Current Usage x {1- (EFF. /EFFR)}

CS=ES" Fud Cost
where

EFFc = efficiency of the convective sysem
EFFR = efficiency of the radiant system

Note that dthough this evauation is generaly vaid, these savings are based on the efficiency of
the systems, where in most cases the savings are determined by the cost of the fud. Thisis especidly
true in the case where different energy sources are being considered, i.e. naturd gas or dectricity.

One dudy estimated a current energy use of 5,000 x 106 Btu/yr. Indalation of 18 radiant
heaters yidlded energy savings of 2,786 x 106 Btu/yr and cost savings of $10,406/yr. The
implementation cost including piping and labor came to atotal of $28,960 resulting in a payback period
of 2.8 years.

Process hesting
To find the savings for replacing a process unit with an infrared system, many more factors must

be taken into account. For example, one case study involved replacing process ovens with infrared
burners. The ovens were used to heat molds which in turn, baked cones. The first step in this savings
estimation was to caculate the efficiency of the current ovens. This was accomplished by estimating the
amount of energy (Ec) used to heat the product per year.

Ec=BS"  B" OH" [Hy+ CP" (Tf- Ti)]

where

BS = average batch sze

B = # of batches per hour

OH = operating hours per year

Hv = hesat of vaporization of water (assuming batch is 100% water)

CP = specific heat of water

Tf = find temperature of cone

Ti = initid temperature of batter
Once the totd amount of energy consumed by the ovens (Ep) is obtained, the overdl oven efficiency
can be determined by

EFFc=Ed/ Eo
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The hest trandfer rates for the new and the old system were then found and compared. The
convective heet transfer rate in the blue flame mode was approximated to be around 1.0 Btu/hr-ft2-deg.
F based on the characterigtics of the current ovens. The radiant hest transfer rate (UR) was found by
using the following equation.

Ur=Fxaxs x (T1*- T2*)((Tg - Tm) = L3 Bt hr ft* F°

where
F = radiation shape factor
a= absorptivity of the mold
S = Boltzmann's congtant
T1 = radiant heater surface temperature
T2 = mold surface temperature
Tg = gas temperature in the oven
Tm = mold temperature

Comparing these rates, LR was found to be 30% larger than Uc, the convective coefficient. If there
were 30% savings, the energy savings would be

ES = Tota Gas used by Ovens x Percent Savings
And the cost savings
CS=ESx Cost of Natural Gas
Cdculating the payback is smply
Payback = Implementation Costs/ CS

where the implementation costs include equipment and ingtallation.

The results of this study showed that there was atota energy savings of 5,440 MMBtu/yr and a
total cost savings of $31,280/yr. For estimation purposes, it was assumed that 65% of the totd gas use
was consumed in order to obtain these approximations. The cost of implementation for each oven was

$10,500. For al nine ovens the tota implementation cost was $94,500. This data yields a payback
period of 3.0 years.

5.4. FURNACESAND BURNERS

Furnaces and burners are devices designed to release energy from one form (hydrocarbon
bonds) and convert it into another form (heet). The energy is typicaly released from gas or oil fues
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through a combustion process. What type of burner or furnace to use and what is the most efficient
way of operation highly depends on the process where it is used? There is dways more than one way
of solving an engineering problem, however, in some indudtries years of research and study of the
processes involved might indicate to one recognized gpproach and therefore define quite narrowly the
equipment best suited. It is obvious that one has to be careful not to recommend a change of a furnace
without knowing the reason why the old seemingly inefficient one is used. On the other hand, with the
aufficient knowledge supporting the change, the most desirable thing to do is to implement such a
proposal.

5.4.1. Burner Combustion Efficiency

Conserving fud in heating operations such as melting or heset tregting is a complex operation. It

requires careful attention to the following:
- Refractories and insulation

Scheduling and operating procedures

Preventative maintenance

Burners

Temperature controls

Combustion controls

Providing the correct combugtion controls will increase combustion efficiency measurably.
Complete combustion of Naturdl Gasyields:
a) Carbon dioxide
b) Water vapor

If gas is burned with the chemically correct amount of air, an analyss of the products of
combustion will show it contains about 11-12% CO2 at 20-22% water vapor. The remainder is
nitrogen, which was present in the ar and passed through the combustion reaction essentialy
unchanged.

If the same sample of naturd gas is burned with less than the correct amount of air (“rich” or
“reducing fire’), flue gas andyss will show the presence of hydrogen and carbon monoxide, products of
incomplete combugtion. Both of these gases have fud vadue, S0 exhaugting them from furnaces is a
waste of fud (see Figure 5.9).

If more than the required amount of air is used (lean or oxidizing flame), dl the gas will be burnt
but the products of combustion will contain excess oxygen. This excess oxygen is an added burden on

the combusgtion system - it is heated and then thrown away thereby wasting fudl.

The following steps should be taken to upgrade burner and combustion controls:
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1. Useseded-inburners. Make dl combustion ar go through the burner - open cage type burners
are very inefficient.

2. Use power burners. Inspirator or atmosphere burners have very poor mixing efficiency at low
inputs, epecidly if gas pressureis low.

3. Inddl afud/ar ratio control system.

5.4.2. Premix Burner Systems

Premix burner sysems commonly use a venturi mixer known as an aspirator or proportiond
mixer. Air from the dower passes through the venturi, cregting suction on the gas line, and the amount
of gas drawn into the mixer dropsin proportion to ar flow. Aspirator systems are fairly smple to adjust
and maintain accurate ar/fud ratios over wide turndown ranges, but their use is limited to premix
burners.

5.4.3. NozzleMix Burners

Nozzle mix burners used with a Ratio Regular System is widdy used for indudtrid furnace
aoplications. Orifices are indaled in the gas and air lines to a burner and then adjusted so that air and
gas are in correct burning proportions when pressure drops across the orifices are equa. Once the
orifices are s, they will hold the correct air/gas ratio as long as the pressure drop remains the same, no
matter what firing rate. Ratio Regular systems have good accuracy and are fairly easy to adjust.

On large furnaces where fuel consumption is extremey high, or on furnaces where very close
control of the atmosphere is required, extremey accurate ar/fud ratio control is vitd, both for fuel
economy and product quaity. On these inddlations hydraulic or eectronic flow controls are often
used.

These systems feature fixed orifices in both gas and air streams, and these orifices are Szed to
pass proportiona amounts of gas and air at equa pressure drops, pressure drop signals are fed to a
ratio controller which compares them. One of the outstanding features of this system is that the air/fud
ratio can be adjusted by turning adia. Since a burner can be thrown off correct gas ratios by changes
in ambient air temperature and humidity, this ratio adjussment feature permits the operator to et the
burner back to pesk operating efficiency with very little effort.
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Figure5.9: Per cent Excess Air From CO2 Reading

On multiple burner furnaces, the combustion products of al burners mix together before they
reech the flue gas sampling point (Furnaces should have manifold flue gas outlets in order to obtain
common sampling point for flue gas andyss) If, for example, some of the burners are unintentionally
st lean, and others rich, the excess air from the lean burners could consume the excess fud from the
rich burners, producing flue gas with ultimate CO2 and practicdly no free oxygen or combustibles.
Samples of these gases could be mideading and show correct air/gas ratio, when in fact they are not.
Also, if aburner is st rich and the excess combugtibles in the flue gases find air in the stack and burn
there, flue gas anadysis will again suggest that the burner be properly adjusted.

To overcome the problem of mideading flue gas andyss in multi-burner furnaces, metering

orifices should be ingaled on the gas lines to each burner. If pressure drops across dl orifices are
identical, gas flow to each burner will be the same,
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5.4.4. Furnace Pressure Controls

Furnace Pressure Controls will afford additional energy savings, particularly on top-flued
furnaces. If a furnace operates under negative pressure, cold air is drawn into it through badly fitted
doors and cracks. This cold air has to be heated, adding to the burden on the combustion system and
wadting fud. If the furnace operates a high postive pressure, flames will sting out through doors, Ste
ports and other openings, damaging refractories and buckling shdlls. Idedly a neutrd furnace pressure
overcomes both these problems.

Automatic furnace pressure controls maintain a predetermined pressure a hearth level by
opening or closing dampers in response to furnace pressure fluctuations.

In summation, good air/fue ratio control equipment and automatic furnace pressure controls are
two useful weapons for combating gas energy wastage in heating operations.

Properly applied, they aso offer the sde benefits of improved product quaity and shortest
possible heating cycles.

5.4.5. Furnace Efficiency

Conventiond refractory liningsin heeting furnaces can have poor insulating abilities and high heet
storage characteristics. Basic methods available for reducing heat storage effect and radiation lossesin
melt and hest trest furnaces are:

1. Replace andard refractory linings with vacuum-formed refractory fiber insulation materid.
2. Ingtdl fiber liner between standard refractory lining and shell wall.
3. Ingal ceramic fiber linings over present refractory liner.

The advantages?

Refractory fiber materids offer exceptiond low therma conductivity and heet storage. These
two factors combine to offer very subgtantia energy savings in crucible, reverberatory and hest
treat furnaces.

With bulk densties of 12-22 Ibs/cu ft, refractory fiber linings weigh 8% as much as equivaent
volumes of conventiona brick or castables.

Refractory fibers are resistive to damage from drastic and rapid changesin temperature.

Fiber materids are smple and fast to ingtdl.

The dendty of fiber refractory islow, so thereisvery little massin the lining, therefore much less
heat is supplied to the lining to bring it to operating temperature. This results in rapid hegting on
the start-up. Conversdly, cooling is aso rapid, snce thereis less heat stored in the lining.

More comfortable working environment is attainable due to lower shell surface temperatures.
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The basic design criteria for fiber lined crucible furnaces are the same as used for furnaces lined
with dense refractories. Two rules should be followed.

1. The midpoint of the burner should be at the same leve as the bottom of the crucible, and the
burner should fire tangentidly into the space between the crucible and lining.

2. The space between the outsde of the crucible, and the furnace lining near the top should be
about 10% of the crucible diameter.

Crucible furnaces can be congtructed using a combination of fiber with dense refractory or
amog entirdly out of fiber. Increasing the proportion of fiber will increase the energy savings and
maximize the other benefits previoudy listed.

Fiber materids are available in varying thickness, suitable for a complete monolithic ingtalation,
and composition to handle 2,400°F, 2,600°F, and 2,800°F.

The higher temperature compodtions contain high duminum fiber, which lowers the amount of
dhrinkage at elevated operating temperatures.

5.4.6. Furnace Covers

If preheating of combustion ar utilizing furnece flue gas temperatures is contemplated,
indalation of furnace covers is mandatory. The difficulty in the padt, in the fabrication and use of
furnace covers, has been the problems of thermal shock and spalling, materids available today, such as
refractory fiber, have iminated these problems.

In addition to technologicad advantages of fber insulation, industry has dso developed the
cgpability of vacuum forming these materids over a variety of metdlic support sructures.  Fiber
insulation can be formed over ether expanded meta or angle iron frames, or both, with V-type anchors
attached. The anchors are made from high temperature dloys, holding the fiber to the metalic support
sructures to provide an integrd, fully secured assembly. No part of the anchor system is exposed to
excessve temperatures, this eiminates atachment problems for ladle preheaters, crucible furnace
covers, and induction furnace covers. Ingdlation of furnace covers improves the thermd efficiency of
the process by approximately 50%.

5.5. COGENERATION

Cogenerdtion is the amultaneous production of dectric power and use of therma energy from a
common fuel source. Interest in cogeneration stems from its inherent thermodynamic efficiency. Fossl
fud-fired centra stations convert only about one-third of their energy input to eectricity and reject two-
thirds in the form of thermd discharges to the amosphere. Indudtrid plants with cogeneration facilities
can use the rgected heet in their plant process and thereby achieve a therma efficiency as high as 80

percent.
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5.5.1. The Economicsof Cogeneration

In-plant generation of dectricity doneis not usudly economicd; a variable use must be made of
the by-product waste hegt. For this reason the demand for both types of energy must then be in
baance, typicaly 100 kW versus 600,000 Btuh, for a gas turbine ingtdlation.

In most potential applications of industrid cogeneration, more eectric power would be
produced in meeting the plant’s therma requirement than could be used interndly. However, the
enactment of PURPA (Public Utility Regulatory and Policies Act “ of 1978) greatly expanded the
application for cogeneration by granting qualified cogenerators the right to:

Interconnect with a utility’s grid.
Contract for backup power with the utility at nondiscriminatory rates.
S| the power to the utility at the utility’ s avoided cost.

There are severa reasons for consdering cogeneration besides energy savings.

» Energy independence

*  Replacement of aging equipment

» Expangon of fadlities

» Environmenta congderations

* PURPA franchiseto sdl dectricity
»  Power factor improvement

However, plant conditions must fit certain requirements for a successful cogeneration application. Some
factorsare:

The nature of the process must be suitable for cogeneration. Certain processes lend themselves
more readily to cogeneration, such as refining, petrochemica, and pulp and paper indugtries,
which have accounted for many of the larger cogeneration ingtdlations to date.

The rate differentid between dectricity and foss| fuels should be relatively high on an equivaent
Btu basis.

Plant operation of 6,000 hours per year is usudly the minimum needed to judtify an ingdlation
and continuous operation improve rdiability by minimizing dependence on the sarting system.

A source of waste fud in suitable quantity provides an atractive incentive for cogeneretion.

Although plant conditions may appear favorable for cogeneration, the long-term Stuation should also be
considered before proceeding with a project.
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The long-range cost of fud for gas- and ail-fired units must be considered. Fue prices have varied
widely so that current prices may not be a reliable benchmark on which to base project returns.
Inevitably the price of gas and oil can be expected to increase as worldwide reserves continue to
diminish,

Gas-fired cogeneration accounts for the mgjor portion of present generating capacity because of the
advantages of gas as a fue. However, the recent glut of naturd gas should not be taken as an
assured long term supply at current prices.

High sulfur-bearing and solid-waste fuds with fluidized bed combusgtion are dternate fuels involving
less price risk but greater investment.

Excess coal-fired generating facilities and abundant coa supplies can result in increased competition
from utilities and lower avoided cogts.

Utilities may press for repedl of PURPA or &t least the ability to discount the avoided cost purchase
rate. Accordingly, the future is uncertain for cogeneration projects based on avoided cost revenues.

Utilities cogeneration contracts may aso impose certain redrictions or pendties for plant
maintenance, outages, hours of operations, backup power charges, etc. based on the utilities needs
for additiona cogeneration capacity.

The economic viability of the plant that would use the steam or dectricity from a cogeneration
facility should be assured. Foreign competition and corporate mergers are causing many revisonsin
manufacturing fadilities. Because sgnificant invesment is involved in cogeneration fadilities, long-
term continuity of operationsis important.

Rdiability requirements of the cogeneration facility will be important. If third-party financing or
operation is being considered, the plant loses some control over an important part of its operation.
With in-plant generation, providing a reliable dectric supply places additiond respongbility and
demands an plant operating and maintenance personnel. Because cogeneration systems generdly
involve a complex sysem of engines, generators, heat recovery equipment, controls, and
accessories, the nature of the ingalation increases the possibility of problems. The cost of pendty
for additiona utility charges for any outage can be sgnificant where demand charges are high.

Asde from long-term effects, other dternatives to cogeneration may negate some of its benefits.

1

160

Renegatiating rates may enable an industria plant to duplicate the potential economic benefits of
cogeneration without the risk of building and operating a power plant.

L oad management techniques may be able to modify peak demands.

Mgor technologica improvements or process changes can occur and sgnificantly dter the present
energy requirements.
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4. Where avallable capitd is limited, energy conservation may be able to reduce dectrica consumption
ggnificantly by using projects with more attractive returns.

5.5.2. Cogeneration Cycles

There are many possible types of cogeneration cycles but most can be considered variations of
the two basic cycles shown in Figure 5.10.

In the case of the cogeneration cycle with a gas turbine topping cycle, air is compressed and
injected into the combustor dong with the fud, generdly naturd gas. The combustion gases a high
temperature and pressure expand rapidly in the turbine, doing work in the process. The turbine drives
an dectrica generator and air compressor.  The exhaust gas from the turbine, which is il a a high
temperature, is then used to generate steam in awaste heet bailer.

The cost of a gas turbine with heat recovery equipment ranges between $600 to $1,000/kW,
depending on the specific design conditions. Gas turbine systems costs are reduced by over 50 percent
with larger units.

There are severd advantages of the gas turbine system in comparison with the steamvturbine
sysem.

Lower capital cost (normaly 50 to 70 percent of steamvturbine cost)
Lower operating and maintenance cost.
Higher power-to- hegt ratio which is generadly more desirable in indusirid applications.

A reciproceting engine, generaly a diesdl, can be used in lieu of the turbine to supply the motive power.

Since the exhaudt from the engine is @ a much lower temperature, only low pressure steam (maximum of
50 psg) or hot water can be generated without supplementa hesting.
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Figure5.10: Cogeneration Cycles
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5.5.3. Cogeneration High-Spot Evaluation
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Figure5.11: Gas-TurbineCycle

Given process steam demand = 30,000 |bs/hr equivalent to 30 MMBtu/hr
Heat Input to Boiler = (30 MMBtu/hr) / (70% Waste hegt eff.) = 43 MMBtu/hr

Exhaust = 43-30 = 13 MMBtuwhr
Electrical output (based on typica 100 kwW/600,000 Btu):

={(30 MMBtwhr) / (0.6 MMBtuhr)} x 100 kW = 5,000 kW
Equivdent Btu's=5,000 kW = 3413 BtwkW = 17 MMBtu/hr
Totd Energy Input =17 + 30 + 13 = 60 MMBtuwhr
Annud cost of operation:
=60 MMBtwhr~ 8,000 hrs” $3.00/MMBtuwhr = $1,440,000/yr
Avoided cost of purchased dectricity:
= 5,000 kW ~ 8,000 hr “ $0.05/kWh = $2,000,000/yr
Avoided cost of steam:
={[(30 MMBtu/hr) x (80,000 hr)] / [80% Steam boiler eff.]} x $3.00/ MMBtu = $900,000 per year

Annua Saving = $2,000,000 + $900,000 - $140,000 = $1,460,000/yr
Investment = $1,000/kW ~ 5,000 kW = $5,000,000/yr

Payback = $5,000,000/ 1,460,000 = 3.4 years

Given - process steam demand = 30,000 Ibs’hr, equiv. to 30 MM Btu/hr
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- boiler steam = 600 psig, 750 F
- turbine steam rate = 12.2 IbskWh @ 70% €ff. = 17.4 act. IbskWh
(Refer to Turbine Steam Tables for other conditions)

T Exhaust

Fuel > Electricitz
Steam Steam Topping
Boiler - Turbine/
_— Generator
. ——
Air
Process Steam
15 psi
30 MMBtu/hr

Figure5.12: Steam-Turbine Cycle

KWh = (30,000 Ibg/hr) / (17.4 Ibs’kWh) = 1720 kW
Equivdent Btwhr =1720" 3413 " 10-6 = 54 MMBtu/hr
Tota energy input = (5.4 + 30) / (80% boiler eff.) = 44 MMBtwhr

Annud cogt of operation:

=44 MMBtuhr” 8,000 hrs” $3.00/MMBtu = $1,056,000/yr
Avoided cost of dectricity:

=1720 kW = 8,000 hrs” $0.05/kWh = $688,000/yr
Avoided cost of process steam:

= [(30 MMBtu/hr) / (80% boiler &ff.)] x (80,000 hrs) x ($3,00/MMBtu/hr) = $900,000/yr

Annua Saving = $688,000 + $900,000 - $1,056,000 = $532,000/yr
Investment = $1,500/kW ~ $1,720 kW = $2,580,000/yr

Payback = ($2580,000) / ($532,000) = 4.8 years

Qil- and gas-fired engine cogeneration systems are most suitable for smaller ingalations (under
1 MW). Packaged units are available from a few kilowatts to over a megawatt. The sysemsinclude a
prime mover, generator switchgear, heat recovery, and controls. Equipment costs range from $500 to
$1,000/kW. Ingdlation costs for plumbing, eectrica, and other facilities typicaly add 50 to 150
percent to the equipment cost. Tota turnkey costs range from $700 to $2,000/kW.
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Experience with the smdler sze units (under 100 kW) has been reatively short. In the
seam/turbine system, fud is burned in a boiler to generate seam. The steam is passed through a
topping turbine, which drives the ectric generator. The exhaust steam is then used for process heeting.

The greatest advantage of these systems is their ability to use practicdly any kind of fue
induding lower-cost solid or waste fudls, either alone or in combination.

Capita cost of steam turbine systems is higher, typicaly 50 to 100 percent greater than a gas
turbine systlem using naturd gas or ail.

5.5.4. Estimate of Savings

A high-spot of savings should be made as early in the investigation as possble to confirm that
cogeneration is merited, a detailed energy-load analysis should be made. This involves preparing a
profile on the plant’s steam and eectric usage, taking into account daily, weekly, monthly, and seasond
vaiations. Usng actua loads instead of average loads is important to determine whether periods of
low-load factor are a problem. System performance will be best where output is steady instead of
fluctuating with load.

With this data, plant personnel can select the most advantageous cogeneration cycle, taking into
account various possible operating conditions and equipment options. A computer modd analysis is
very usgful for this purpose. Equipment vendors can be utilized if outside assstance is needed to make
the computer analysis.

The options which can be considered are as follows:

Combined cycle - permits the use of a flexible instead of fixed ratio of eectricd to thermd
energy to adjust for variaionsin the steam demand.

Steam pressure - the higher the pressure the more efficient the turbine steam rate.

Steam injection - adds to turbine efficiency.

Extraction turbine - provides process steam for use at different pressures.

Water trestment method - high-pressure steam turbines require more sophisticated boiler
feedwater trestment.

Dud burners - burners cgpable of burning more than one fuel add flexibility to use lowest cost
fud.

Degree of automation - fully automatic sysems increase price sgnificantly.

Duct burner in exhaust stream - increases output and permits generation of higher pressure
seam.

Steam condenser - permits additiona eectrica generation from steam turbine a some loss in
effidency.

Generator type - power factor isimproved with higher cost synchronous generator.

Parald or independent operation will affect switchgear sdlection.
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After the operaing conditions and cogeneration facilities have been fully defined, the savings and
investment estimates should be revised to complete the initid evaluation of the cogeneration facility.

When high-pressure steam or gas must be reduced in pressure through a pressure-reducing
vave, asmpler sysem known as “induction generation” can be used to generate dectricity.

Summary

If circumstances indicate there may be an gpplication for cogeneration, certain precautions
should be taken before proceeding with an evauation. Assurance should be obtained that a change in
conditions that would significantly affect the project economicsis not likely to occur.

Also, the posshility of dternate approaches should be invesigated. Smilar benefits of
cogeneration may be redlized through other means which would require less capitd and provide better
return.

Where cogeneration is determined to be a viable option, a high-gpot estimate of savings will
confirm the need for further sudy. For a more detailed evauation, an energy load analyss is required.
Based on this information, the most appropriate cogeneration cycle and various equipment options can
be sdected. A full evauation can then be made based on the projected production of eectric power
and thermd energy and required investment in facilities.

5.6. THERMOENERGY STORAGE SYSTEMS

The gpplication of therma storage is based on savings from using lower cost eectrica rateswith
nighttime operation to provide daytime therma needs.

5.6.1. General

Bascdly, two conditions must be present to make therma storage attractive. First, there must
be a sgnificant difference between night and daytime eectrica cogts. The difference can be increased
by higher summertime rates and incluson of a raichet provison for the next 11 months. Utilities
generdly encourage therma storage because it permits them to transfer a portion of their daytime load
from expensive pesking fadilities to nighttime base-loaded, higher efficiency coa and nuclear plants.

Accordingly, the dectric rate structure will encourage customers to shift their dectrical load

from daytime pesk hours to nights and weekends by any or al of the following provisions in the rate
structure.
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Time-of-day energy charge.

Demand charges (per KW peak power consumed during peak hours each month).
Winter/summer rates for energy and/or demand charges.

A ratchet clause (monthly demand is the same or same percentage of the highest demand in
previous 11 months).

Second, the daytime refrigeration load must result in high daytime codt, generdly from peak
demands, which have the potentia to be reduced with therma storage. Plants with one-shift operation
or high solar load can be good candidates. Therma storage has found gpplication, for example, in
office ar conditioning. On the other hand, industria plants with three-shift operation are normaly not
good candidates because of their more constant |oad.

Before consdering thermd storage as a means of reducing dectrica cod, dternate methods
should be evaluated, as in most energy conservation approaches. Some possible aternate methods are
absorption refrigeration, demand control, load scheduling, and using an emergency generator for pesk
shaving.

5.6.2. High Spot Evaluation

Where therma storage appears to be a viable option, a high spot evauation should be made to
determine if further investigation is judtified (see Table 5.7). The incremental dectrical cost mugt be
detailed into its separate components for this evauation. In this example, it is assumed there is no off-
peak demand charge and the off-peek electrica energy rateis less than the on-peek rate. For smplicity
it is dso assumed that the daytime refrigeration load increases the peak demand directly by 1 kW for
each kW of load. In practice, the peak demand may be caused in part by other operations, so
therefore, the actua potentia reduction in pesk demand from therma storage would depend on its
interrelaionship with other loads.

5.6.3. Electric Load Analysis

Because of this interrdationship with other loads, a detailed dectricd load analysis is necessary
to determine the impact therma storage will have on the existing pesk demand. Use of average loads
will not be satisfactory for this purpose.

The operating cost per ton for a therma storage system is aso higher than for a conventiond
sysem. The refrigeration machine must operate a a lower temperature, which requires more energy
per ton. There is dso some inherent loss in storage. One system reported that power consumption
increased by 17 percent when the system was producing ice.
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Table 5.7 shows that incremental investment for thermal storage resultsin an attractive payback.
However, it should be emphasized that the example attributes maximum demand saving over the full
year of operation and for the full capacity of the unit. A well-documented andysis of dl energy flows
and costs is needed for a more in-depth evauation. A number of questions will aso have to be
answered as part of the evaluation, such as:

should the thermal storage be for hesting storage, cooling storage, or both?

should the system handle 100 percent of the cooling load or only the portion needed for load
levding?

should the storage system be water or ice?

should the storage system be for adaily or weekly cycle?

Generdly, systems have been for daily cycles and load leveers only.

Electricd Rate: On-Peak Off-Peak
Demand kW $9.40 NC
Energy kWh $0.03 $0.025

Conventiona Refrigeration System
Demand Cost/ton-yr = $kW = 12 months

[=$9.40" 12= $113/yr
Energy Cost/tonryr =1 kWh/ton ™ $kWh " hrslyr
=$0.03" 8,000 = $240
Total Cost/ton-yr =$113 + $240 = $353

Therma Storage System
Cost/torryr = 1 kWh/ton © % increase” $kWh ™~ hrslyr
|=1" 120" $0.025" 8,000= | $240

Savings = $353 - $240 = $113
Investment
Investment/ton - Conventiona Refrigeration System $400
Investment/ton - Therma Storage System $550
Additiona Investment/ton ($550 - $400) $150

Table5.7: Thermal Storage High Spot Evaluation
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6 PRIME MOVERS OF ENERGY

6.1. PUMPS

Pumps are widdy used for transfer of liquids from one place to another. Pumps are usudly
driven by eectric motors, thus some of the consderations about pumps and eectric motors might
overlap. For some specific gpplications, pumps can be driven by compressed air or hydraulicaly.

There are alot of different types of pumps used in the industry. Pump sdection depends upon
the gpplication. For example, centrifugal pumps are used predominantly for transfer of large volumes,
metering pumps are used for precise delivery of liquids, ensuring congtant discharge regardless of back
pressure in the lines, and progressve cavity pumps or perigtdtic pumps are used for deivery of very
viscous materids.

It is anorm that a pump manufacturer dso provides pump curves a the time of the sde. They
are esentid for establishing the operation range and if any changes for pumping systems are considered
the curves have to be looked at.

6.1.1. Operation

Opportunities for savings in pump operation are often overlooked because pump inefficiency is
not reedily apparent.

Thefollowing measures can improve pump efficiency:

Shut down unnecessary pumps.

Regtore internd clearancesif performance has changed significantly.

Trim or change impdlersif head is larger than necessary.

Control by throttle instead of running wide open or bypassing the flow.

Replace oversized pumps.

Use multiple pumps ingtead of one large pump.

Use asmall booster pump.

Change the spead of the pump for the most efficient match of horsepower requirements with output.

N R WDNE

Pumps can run inefficiently because:

1. Present operating conditions differ from the design conditions. This change often occurs after a
plant has undertaken awater conservation program.

Overszed pumps were specified and ingtdled to alow for future increasesin capacity.

Conservative design factors were used to ensure the pump would meet the required conditions.
Other design factors were chosen at the expense of pump efficiency when energy costs were lower.

AW
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Pump Survey

A survey of pumps should concentrate on the following conditions associated with inefficient
pump operétion. These are discussed in order of decreasing potential for energy savings in existing
ingalations. For the survey to produce worthwhile savings, only pumps above a certain sze, such as
25 horsepower, need be checked.

1. Excessve pump maintenance. This problem is often associated with:

a) Oversized pumpsthat are heavily throttled.

b) Pumpsin cavitation.

¢) Badly worn pumps.

d) Pumpsthat are misapplied for the present operation.

2. Any pump system with large flow or pressure variations. When normal flows or pressures are less
than 75 percent of their maximum, energy is probably being wasted from excessive throttling, large
bypassed flows, or operation of unneeded pumps.

3. Bypassed flow. Bypassed flow, either from a control system or deadhead protection orifices, is
wasted energy.

4. Throttled control valves. The pressure drop across a control valve represents waster energy, which
is proportiond to the pressure drop and flow.

5. Fixed throttle operation. Pumps throttle at a constant head and flow indicate excess capacity.

6. Noisy pumpsor vaves. A noisy pump generdly indicates cavitation from heavy throttling or excess
flow. Noisy control vaves or bypass vaves usudly mean a high pressure drop with a
corresponding high energy loss.

7. A multiple pump sysem. Energy is commonly lost from bypasing excess capacity, running
unneeded pumps, maintaining excess pressure, or having alarge flow increment between pumps.

8. Changes from design conditions. Changes in plant operating conditions (expansions, shutdowns,
etc.) can cause pumps that were previoudy well applied to operate at reduced efficiency.

9. A low-flow, high-pressure user. Such users may require operation of the entire system at higher
pressure.

10. Pumps with known overcapacity. Overcapacity wastes energy because more flow is pumped a a
higher pressure than required.

Once the inefficient pumps have been identified, the potentid savings and the cost of
implementing the changes should be andyzed. Comparison of the actua operating point with the pump
performance curve will facilitate the andyds. Actua performance may differ from the origind design
because of process changes, faulty basic data, conservative safety margins, or planned expansions never
redized.

Energy Conservation Measures

Energy may be saved in pump operation in a number of ways, including the following techniques
arranged in approximate increasing order of investment cost.
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1. Shut Down Unnecessary Pumps

This obvious but frequently overlooked energy-saving measure can often be carried out after a
ggnificant reduction in the plant’s water usage. If excess capacity is used because flow requirements
vary, the number of pumps in service can be automaticaly controlled by ingtaling pressure switches on
one or more pumps,

2. ResoreInterna Clearances

This measure should be taken if performance changes sgnificantly. Pump capacity and efficiency are
reduced as interna |eakage increases from excessve backplate and impeller clearances and worn throat
bushings, impeller wear rings, deeve bearings, and impdlers.

3. Trim or Change Impdllers

If head is excessive, this gpproach can be used when throttling is not sufficient to permit the complete
shutdown of a pump. Trimming centrifuga pump impdlers is the lowest cost method to correct
oversized pumps. Head can be reduced 10 to 50 percent by trimming or changing the pump impeller
diameter within the vendor’ s recommended size limits for the pump casing.

4. Control by Throttling

Contralling a centrifugd pump by throttling the pump discharge wastes energy. Throttle contral is,
however, generdly less energy wasteful than two other widely used dternatives. no control and bypass
control. Throttles can, therefore, represent a means to save pump energy.

5. Replace Oversized Pumps

Oversized pumps represent the largest single source of wasted pump energy. Their replacement must
be evaduated in relation to other possible methods to reduce capacity, such as trimming or changing
impdlers and using variable speed control.

6. UseMultiple Pumps

Multiple pumps offer an dternative to variable speed, bypass, or throttle control. The savings result

because one or more pumps can be shut down at low system flow while the other pumps operate at
high efficiency. Multiple smdl pumps should be considered when the pumping load is less than hdf the

maximum sSngle capeaaity.

7. UseaSmadl Booster Pump
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The energy requirements of the overall system can be reduced by the use of a booster pump to provide
the high-pressure flow to a selected user and alow the remainder of the system to operate at a lower
pressure and reduced power.

8. Change Pump Speed

Vaiadle-gpead drives yidd the maximum savings in matching pump output to varying sysem
requirements. However, variable speed drives generdly have a higher investment cost than other
methods of capacity control. Severd types of variable-speed drives can be considered:

Variable-speed motors, either variable frequency or DC.
Variable-speed drives such astraction drives, for congtant-speed motors.
Two-gpeed motors when low speed can satisfy the requirements for Sgnificant portion of the time.

As an example of the savings from the use of a smdler pump, assume 300 tons of refrigeration
is required during the summer months but only 75 tons for the remaining nine months. One of two 700-
gpm chilled-water pumps, equipped with 40-horsepower motors, is operated during the winter, with
two thirds of the flow bypassed. A new 250-gpm pump designed for the same discharge head as the
origind two units consumes only 10 horsepower. The eectric savings from operating the smal pump
during the winter is

Annud Savings = (40 hp - 10 hp) x 6,000 hrs/yr x 9 mos/12 x $0.041/hp-hr
= $5,540

Theingdlation cost of anew pump is about $5,000.

The fallowing example illustrates the possble savings from trimming an impeller. A double
suction centrifugad pump with a 13.75-inch diameter impeller pumps process water. The demand is
constant, 2,750 gpm, and the pump is controlled by a manud throttle vave. The pump operates a
164-feet head, 2,750 gpm and 135.6-brake horsepower (point A in Figure 6.1). A 16-psig (37-foot)
pressure drop occurs across the partialy closed throttle valve, with only a6-foot drop across the
completely open vave.

If the pump were exactly matched to the system requirements, only 127 feet of head would be
required without the valve. Because even the fully open vave has a 6-foot pressure drop, the minimum
head required becomes 133 feet. To this, a5 percent allowance should be added as a tolerance for the
accuracy of the field measurements and impdler trimming. The minimum total head required, therefore,
is 140 feet. Based on the pump affinity laws, the trimmed impeller diameter should be 13 inches, as
shownin step 1 below.

With a trimmed 13-inch impeler, the pump will operate dightly throttled a 140-feet head,

2,750 gpm and 115.7-brake horsepower, as shown by point B in Figure 6.1. The trimmed impeller
reduces power consumption by 19.9-brake horsepower and saves $5,440 per year (see steps 2-4).
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Trimming and baancing an impdler usualy cogt less than $1,000, and payback, therefore, is less than
three months.

1. Determinetheimpeler diameter to reduce head from 164 feet to 140 feet while maintaining 2,750
gpm flow. Apply the effinity laws and note that both the head and flow are reduced as the impeller
istrimmed.
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Figure6.1:  Typical Centrifugal Pump Characteristics

a) H]_/ H2 = D]_Z/ D22 and Q]_/ Ql = D]_/ D]_ H]_Q]_/ H]_Ql = D13/ D13
b) Holding Q constant =D, / D, = (H, / H,)"® = (164 / 140)"® = 1.054
c¢) D;=(D,/1.054) =13.0inches

H = head in feet; H,, before the reduction, and H,, after the reduction

D = diameter of theimpeller ininches

Q=flowingpm

E = pump efficiency

2. Point A: Oversized pump (13.75-inch impdller) throttle back to 2,750 gpm.
bhp = (H x Q x (SG)) / (3,960 x E) = (164 x 2,750) / (3,960 x 0.84) = 135.6
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3. Point B: Trimmed impdler (13 inches) throttled back to 2,750 gpm.
bhp = (140 x 2,750) / (3,960 x 0.84) = 115.7

4. Annud Savings=135.6 - 115.7 = 19.9 bhp
$lyr = 19.9 x (2/0.90) motor €ff. x 6,000 hrs/yr x $0.041/hp-hr
= $5,440

As with other equipment, energy conservation for pumps should begin when the pump is
designed. Neverthdess, the savings from modification of an existing system often justify the cogt.

The fallowing example illugtrates the gpplication of affinity laws for varigble frequency drive
pump savings. With fans the affinity laws can be applied directly because the system resstance is purely
flon-related. With pumps or fans having a Satic head offset, the system resistance curve al'so changes

with pump speed.

A typicd centrifugd pump curve in Figure 6.2 shows that by throttling the 1,750 rpm motor
the pump delivers 2,500 gpm at 236 ft. head. Given a system analyss showing that 150 ft. of head is
required to ddiver 2,500 gpm with no throttling, the savings for operating the pump at reduced speed
without throttling can be determined by the following trid-and-error method.

The afinity lawsare: S,/ S, = Q1 / Q, = (Hy / Hp)Y? = (BHP, / BHP,)?
where

S = origina pump speed, rpm

S, = new pump speed, rpm

Q1 =flow on origind pump curve, gpm

Q2 = system flow required, gpm

H; = head on origina pump curve, ft.

H. = head required by system for Q,, ft.

BHP; = pump horsepower at Q, and H;

BHP, = pump horsepower required for operation a Q,, H,

1. Assumeanew pump speed, try 1,500 rpm.

Cadculate the speed ratio, S, / S, = 1,500/1,700 = 0.8571

3. Cdculae Q, from the effinity laws.

Q:1=Q2/(S1/S) =2,500/0.8571= 2,917 gpm

Determine H; from the origind curve a Q, = 233 ft.

Cdculate H, from the &ffinity lavs

H, =(S1/ S)°x H =0.8571x 233 =199.7 ft.

6. Compare H, from step 5 with the desired H,. Since H, at 199.7 ft. is grester than the desired H; at
150 ft., the calculation must be repeated using alower rpm. Severd iterations of this procedure
give
S; = 1,405 rpm, Q; = 3,114 gpm, and H; = 232.5ft.

N

o &
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From Q, and H, above anew operating point 1 isdetermined. The important concept here isthat point
1 is not the origind system operating point (2,500 gpm, 236 ft.). Rather it is the one and only point on
the origind pump curve that satisfies the affinity law equations at the new operating point 2 (2,500 gpm,
150 ft.). It must be determined before BHP, can be caculated from the affinity laws.

10" x 18" Radial Flow Pump
15 1/2" Diameter Impeller
1750 RPM
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Figure 6.2: Centrifugal Pump Curve

7. From the pump curve determine BHP; for Q, at 3,114 gpm.
BHP, = 258
8. Cdculate BHP, udng dfinity law
BHP, =BHP, x (S;/ S)®
= 258 x (1,405/1,750)* = 258 x 0.5175
=133.5BHP
9. From the pump curve determine the actud BHP (BHP,) for the origind operating point at 2,500
gpm. BHPA = 230 BHP
10. Determine reduction in horsepower: BHP savings = 230 - 133.5 = 96.5 BHP
Note the savings are not found from BHP; - BHP,, but BHP, - BHP,

Manud caculation of savings for variable speed drives will be tedious if they must be
determined for a number of conditions. Computer programs can smplify the task.
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Figure6.3: Typical Pump and System Curves, Driven by Adjustable Speed Drive
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Figure 6.4: Typical Pump and System Curvesfor Pump with Throttling Valve
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Figure 6.5: Pump Power Requirements for Throttling and Adjustable Speed Motors

6.1.2. Considerationsfor Installation Design

The position of the pump with respect to the reservoir from which the liquid isto be taken is of
utmost importance. If the pump is higher than the tank from which the fluid is being pumped the bailing
of the fluid at locd temperature can occur. The formation of the bubbles is cdled cavitaion. The
bubble collapse can happen at the higher pressure region (tips of the impeller), thus causng “cavitation
eroson’. The efficiency of the pump is very low and the damage of the impdller will follow soon. The
fatigue failure is the problem. In order to avoid cavitation in the pump, the ingdlation has to satisfy a
condition of net pogtive suction head (NPSH). The manufacturer of the pump supplies the net postive
suction head required and that is the minimum pressure head at the inlet for the type and modd of the
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pump which has to be maintained in order to avoid cavitation insde the pump. The net postive suction
head required accounts for pressure drop insgde the pump. The pressure head a the inlet has to be
caculated for eech ingdlation. The conventiona tools for pressure losses in pipes are commonly used
and adequate. Since the occurrence of bubble forming insde the housing of the pump is absolutely
forbidden the backpressure of the system is of the same importance as NPSH. The adequate
backpressure will prevent the formation and can be achieved, if not available by the nature of the
system, by ingtdlation of backpressure valve.

OPERATING HOURSOF AVERAGE PROPELLER BLOWER FAN

SITUATION OPERATION | kW USAGE FAN ENERGY ENERGY
[KWh] [KWh]

Congtant Operation at | 1202.2 P=16.2 19475.6 38951.2

Full Capacity B=324

Single Speed Fan P=765.3(*) P=16.2 12397.9 27627.5

Cyding B =8527 B =324

Two Speed Fan P=1132 (*) P=43 4867.6 9798.3

Cyding B = 1146 B =855

Variable Control a 1202.2 P=272 3270 6540

Constant Speed B=544

Variable Speed 1202.2 P=1.99 2392.4 4704.8

Control B =3.98

(*) The propeler fan will operate dightly fewer hours in these modes because of the crosstower’s
coaling effect with the fan off.

Table6.1. Comparative Energy Usage with Various M ethods of Control

6.2. FANS

Fans provide the necessary energy input to pump ar from one location to another while they
overcome the various resistances created by the equipment and the duct distribution system. Fans have
been classfied in a generd way as ether centrifugd fans or axid-flow fans, according to the direction of
arflow through the impeller. There are a number of subdivisons of each generd type. Generdly, the
subdivisons congg of different styles of impellers and the strength and arrangement of congtruction.
Because of the type of impdler dictates fan characteridtics, it influences the amount of energy
(horsepower) the fan needs to trangport the required volume of ar. The centrifugal fan has four basc
types of impdlers--airfoil, backward curved, radiad, and forward-curved. Table 6.2 gives the nomind
efficiency of the various types of fans a normal operating conditions.
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Efficiency

Type of Fan %

Axid Fan 85-90
Centrifugd Fas

Airfail Impdler 75-80
Backward-Curved Impdller 70-75
Radid Impdler 60-65
Forward-Curved Impeller 55-60

Table6.2: Nominal Efficiency of Fans at Normal Operating Conditions

Reductions in exhaugt arflows are usualy obtained by adjusment of dampers in the duct.
Damper control is a smple and low-cost means of controlling arflow, but it adds resstance, which
causes an increase in fan horsepower.  Accordingly, if fan output is heavily throttled or dampered, the
savings opportunity of aternate methods of volume control should be investigated.

More efficient methods of volume control are to:
1. Ingdl inlet vane contral.
2. Reduce the speed of the fan.
3. Provide variable-speed control.

Figure 6.6 shows the reduction in horsepower realized by reducing fan speed.

Before dternate methods of volume control are considered, the condition of the existing fan and
duct system should be checked. Some factors that can reduce fan efficiency are:

1. Excessve datic-pressure losses through poor duct configuration or plugging.

2. Duct leskage from poor joints or flange connections, access doors left open, damage or corrosion,
€tc.

3. Animproperly indaled inlet cone, which inadequately sedls the fan inlet areaand alows excessive
ar recirculation.

4. Excessvefan horsepower caused by poor fan maintenance, such as bad bearings, shaft
misalignment, worn impeller blades, or corroded fan housing.

5. Dirt and dust accumulations on fan blades or housing.

6. Buildup of negative pressure.

Oncethe exiging system operates as efficiently as possble, aternate methods to control flow can be
evaluated.
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Figure 6.6: Effect of Volume Control on Fan Hor sepower
6.2.1. Inlet Vane Control

Inlet vane contral is the most commonly used device for artomatic control of centrifugd or in-
line fan output after damper control. Pre-gpinning as wel as throttling the ar prior to its entry into the
whed reduces output and save power. Fans must be of sufficient Sze to permit retrofitting; the whedl
diameter should be larger than 20 inches.

6.2.2. Reduced Speed

When fan output can be reduced permanently, an economica method is to change belt sheaves.
A dower-gpeed motor can dso be used if the first gpproach is not suitable. A two-speed motor is
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another dternative if the fan operates a low volume for a Sgnificant portion of the time but full capacity
isgill required part-time.

As an example of the savings to be redized from a reduction in fan speed, assume the exhaust
arflow requirements have been reduced 50 percent on a 20-horsepower centrifugd fan. Reducing fan
rpm 50 percent by changing bet sheaves will have fan output. Figure 6.6 shows a horsepower
comparison of various methods of centrifugal fan control for typica fans. A 50 percent reduction with
an outlet damper requires 80 percent of rated power; with a dower-speed motor, only 25 percent of
rated power isrequired. (Refer to the variable speed control curve on the figure) Therefore:

Annud Savings = (20 hp x 80% - 20 hp x 25%) x 6,000 hrs/yr x $0.041/hp-hr
= $2,700

The reduction in fan output will result in operation of the eectric motor at less than rated
capacity. If the horsepower required at the reduced flow is less than about one third of rated
horsepower, the potentid savings for subgtitution of a smaler motor should aso be investigated.

6.2.3. Variable Speed

If fan output must be varied but operates at reduced capacity much of the time, a varigble drive
should be evauated. (See separate discusson on variable-speed drives) Automatic variation of fan
gpeed through fluid or magnetic couplings or variable-speed motors has limited gpplication because of
the high initia cogt.

6.3. AIR COMPRESSORS

Air compressors in manufacturing facilities are often large consumers of dectricity. There are
two types of air compressors. reciprocating and screw compressors.  Reciprocating compressors
operate in manner Smilar to that of an automobile engine. That is, a pison moves back and forth in a
cylinder to compress the air. Screw compressors work by entraining the air between two rotating
augers. The space between the augers becomes smaller as the air moves toward the outlet, thereby
compressing the air.

6.3.1. General

Screw compressors have fewer moving parts than reciprocating compressors have and are less
prone to maintenance problems. However, especidly for older types of screw compressors, screw
compressors tend to use more energy than reciprocating compressors do, paticularly if they are
overszed for the load. This is because many screw compressors continue to rotate, whereas
reciprocating compressors require no power during unloaded State.
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This section includes demand-side management measures for increasing outsde ar usage,
reducing ar leskage around vaves and fittings in compressor air lines, recovering air compressor
cooling water, recovering air compressor waste hest, pressure reduction, adding screw compressor,
controls, compressor replacement, and adding low- pressure blowers.

6.3.2. Typical Performance |mprovements
1. Use Outside Air For Compressor Intakes
If compressor power is measured:
ES=+/3"V’  LFA" H WR
LFA=LA" LPF’" LFT +UA" UPF" UFT
If compressor power is not measured:
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2. Compressor Controls

es- HP C H'FR’ (LFC- LFP)
EFF

3. Ingal Small Compressor

Eszgp' (FU_"TU +FL " TL) P’ (FUS'TUS+FLS'TLS)3, H'C ER
& Eff, Eff, 0

HPS is based on cfm loading during off pesk periods

4, Reduce Compressor Air Pressure
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EFF

5. Reduce Compressed Air Leaks

Leak diameter etimated on ste
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6. Ingall aLower Pressure Blower
For replacing plant compressed air used in plating tanks for agitation

ES=(PC- PB) H' C
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7. Recover Compressor Waste Heat

How and temperature of compressor exhaust air measured on Site

cel QGG (T,- T,) HH
EFF

Waste Heat Recovery

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
ar. Thiswaste heat may be used to offset gpace heating requirements in the facility or to supply heet to
aprocess. 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 sze of the
compressor and the use factor. For this measure to be economicaly vigble, the warm air should not
have to be sent very far; that is the compressor should be located near the hest that isto be used.
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Definitions
Use Factor - The fraction of the yearly hours that the compressor is used.

Applicability

Facility Type- Any facility that uses an air compressor and has a use for the waste hest.
Climate - Wherever space heeting is required for a sgnificant portion of the yesr.
Demand- Side Management Strategy - Strategic conservation.

For More Information
Varigas Research, Inc., Compressed Air Systems, A Guidebook on Energy and Cost Savings,
Timonium, MD, 1984.

Compressor Waste Heat Recovery: Costs and Benefits!

Installed Cogts Energy Savings  Codt Savings  Simple Payback

Options (%)’ (MMBtuyr) ($yr)’® (yr)
Waste Heat 2,098 676 2,786 0.8
Recovery

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the database data. Theimplementation rate for this measure was 34%.

2. Oneexamplefromthe lAC databaseto further clarify the costs is as follows: The waste heat from a 75 hp
screw compressor was used to heat the plant. The energy savings were 417 MMBtu/yr, the cost savings were
$2,594/yr, and the implementation cost was $1,530 - giving a simple payback of seven months.

The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually almost
identical to actual savings reported from the facility.

Operating Pressure Reduction

Description
Demand and energy savings can be redized by reducing the air pressure control setting on an air

compressor. In many cases, the air is compressed to a higher pressure than the air-driven process
equipment actudly requires. By determining the minimum required pressure, one may find that the
pressure control setting on the compressor can be lowered. Thisis done by asmple adjustment of the
pressure setting and applies to both screw and reciprocating compressors. The resulting demand and
energy savings depend on the power rating of the compressor, the load factor, the use factor, the
horsepower reduction factor, the current and proposed discharge pressures, the inlet pressure, and the
type of compressor. This measure should only be considered when the operating pressure is greater
than or equal to 10 ps higher than what is required for the equipment (with exception to Stuations with
extremely long ddivery lines or high pressure drops).

Definitions
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Power Rating - The power indicated by the air compressor manufacturer-usudly shown on the
nameplate.

Power Reduction Factor - Theratio of the proposed power consumption to the current power
consumption, based on operating pressure.

Inlet Pressure - The air pressure at the air intake to the compressor, usualy local atmospheric pressure.

Applicability
Facility Type- Any facility that has an air compressor.
Climate - All.

Demand- Side Management Strategy - Strategic conservation.

For More Information
Nationd Technica Information Service, Compressed Air Systems, A Guidebook on Energy and Cost
Savings, #DOE/CS40520- T2, March 1984.

Pressure Reduction: Costs and Benefits®

Ingtalled Costs  Energy Savings Codt savings Simple Payback

Options (%)’ (MMBtuwyr) ($yr)°® (yr)
Pressure 864 187 2,730 1.0
Reductions

1. Tabulated datawere taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 48%.

2. OneexamplefromthelAC databaseto further clarify the costsis as follows: Reducing the air pressure control
setting on a 75 hp air compressor from 115 psig to 100 psig resulted in energy savings of 22,500 kWh and cost
savingsof $1,180/yr. The implementation cost was $270, resulting in asimple payback of three months.

The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually almost
identical to actual savings reported from the facility.

Elimination of Air Leaks

Description

Air lesks around vaves and fittings in compressor ar lines may represent a sgnificant energy
cogt in manufecturing facilities Sometimes up to 20% of the work done by the compressor is to make
up for air leaks. The energy loss as a function of hole diameter at an operating pressure of 100 ps is
shown in the following table:
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Hole Diameter Free Air Wasted Energy Wasted
[ft3/yr] Per Leak
[in] by aLesk of Air [KWh/h]
at 100 ps

3/8 90 400 000 29.9

Y 40 300 000 14.2

1/8 10 020 000 3.4
1/16 2 580 000 0.9
1/32 625 000 0.2

Source: National Bureau of Standards
Rule of Thumb--=5%-10% of total energy consumption

Table6.3: Fuel and Air Losses Dueto Compressed Air Leaks

Definitions

Gage Pressure - The system pressure supplied by the compressor.

Absolute Pressure - The sum of the gage pressure and the atmospheric pressure. The gage and the
absolute pressures are used in caculating the amount of air lost dueto air leaks.

Applicabili
Facility Type- Any facility that has an air compressor.
Climate - All.

Demand-Side Management Strategy - Strategic conservation and pesk clipping.

For More Information
American Consulting Engineers Council, Industrid Market and Energy Management Guide, SIC 32
Stone, Clay and Glass Products Industry, Washington, DC, 1987, P. I11-30.

Turner, €. a., Energy Management Handbook, John Wiley and Sons, New Y ork, NY, 1982, pp. 424-
425,
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L eakage Reduction: Costs and Benefits

Installed Costs Energy Savings Cost Savings ~ Simple Payback

Options %)’ (MMBtuyr) ($yr)® (yr)
Leakage 934 230 3,540 0.3
Reduction

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. The implementation rate for this measure was 79%.

2. OneexamplefromthelAC databaseto 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 at 110 psig-resulted in energy
savings of 35,750kWh and cost savings of $2,760/yr. Theimplementation cost was $500.

3. The energy cost savings are based on proposed dollar savings as reported to |AC from the center, usualy
almost identical to actual savings reported from the facility.

§ Case Sudy

Estimated Energy Savings = 408.0 MM Btu/yr
Estimated Cost Savings = $5,730/yr
Estimated I mplementation Cost = $460
Smple Payback = 1 month

Recommended Action
Lesksin compressed air lines should be repaired on aregular bass.

Background
The cost of compressed air leaks is the energy cost to compress the volume of logt ar from

amospheric pressure to the compressor operating pressure. The amount of lost air depends on the line
pressure, the compressed air temperature at the point of the leak, the air temperature at the compressor
inlet, and the estimated area of the lesk. The leak area is based mainly upon sound and fedling the
arflow from the lesk. The detailed equations are included at the end of the AR. An dternative method
to determine total losses due to air leks is to measure the time between compressor cycleswhen dl ar
operated equipment is shut off.

The plant utilizes one 75hp compressor that operates 8,520 hrs/yr. Measurements taken during
the gte vidt showed the compressor to continuoudy draw 77.7 hp. Approximately 24% of thisload is
logt to air leaks in the plant. The mgority of the air lesks are due to open, unused lines. There are
severd plant locations where pneumatic machinery could be connected to the primary air line, but at the
time of the gite vidt, no machines were connected. These open lines were typicaly found on or near |-
beams. The terms “I-beam #1, #2, and #3” are used in the tables of this AR to labd the lesks. In
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order to alow for correct location of these open lines, alist of the terms and their gpproximate locations
follow:

Modern Industrial Assessments 191



PRIMEMOVERS OF ENERGY: AIR COMPRESSORS

Tams Description
|-Beam #1 Leak located on I-beam near rotary automeatic #2.
|-Beam #2 Leak located on I-beam near cata ogue machine.
I-Beam#3  Leak located on hose attached to |-beam near Machine 6700.
Anticipated Savings
Vaues for dl factors affecting the cost of compressed air leaks were determined during the Site

vigt, and are liged in the following tables. Because of long piping runs to the equipment, the
compressed air temperature is estimated to be the same as room temperature.

Condition of Pneumatic System at Time of Site Vigt

Variable
Air temperature a compressor inlet, °F 92
Atmaospheric pressure, psia 14.7
Compressor operating pressure, psig 115
Air temperature at the legk, °F 72
Line pressure a the legk, psig 115
Compressor motor size, hp 75
Compressor motor efficiency 91.5%
Compressor type Screw
Number of stages 1
Compressor operating hours, per year 8,520
Electric cost, per MMBtu $14.05

Using these vaues, the volumetric flow rate, power lost due to lesks, energy lost and cost for
leaks of various sizes were calcuated specificaly for the conditions at this plant. The results are shown
in the following table.

As the table shows, the cost of compressed air leaks increases exponentidly as the size of the

lesk increases. As part of a continuing program to find and repair compressed air lesks, the table or
graph can be referenced to estimate the cost of any leaks that might be found.
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gtevidt areliged in the table bdow:

Cost of Compressed Air Leaks At This Plant

Hole
Diameter

164
1/32
/16
18
3/16
V4
3/8

Flow Power Energy Energy
Rate Loss Lost Cost
Cfm hp MMBtu/yr per year
0.5 0.1 0.2 $31
1.8 0.4 8.7 $122
7.2 1.7 36.9 $518
29.0 6.9 149.7 $2,103
65.2 154 334.1 $4,694
115.8 274 594.4 $8,351
260.6 61.7 1,334.8 $18,805

The estimated energy savings and corresponding cost savings for the air lesks found during the

Summary of Savings
Leak Power Energy Cost
Diameter Loss Savings Savings
Machine In hp MMBtu/yr  per year
Cardboard Boxes Area 1/16 1.7 36.9 $518
Cardboard Boxes Area 1/16 1.7 36.9 $518
Hand Dye 1/16 1.7 36.9 $518
Straight Knife 18 6.9 149.7 $2,103
Web 1/16 1.7 36.9 $518
[-beam #1 1/16 1.7 36.9 $518
|-beam #2 1/16 1.7 36.9 $518
[-beam #3 1/16 1.7 36.9 $518
TOTALS 18.8 408.0 $5,729

From the table above, the totd edtimated energy savings from repairing the air lesks are 408.0
MMBtu./yr and the total cost savings are $5,730/yr.
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1) replacement of couplings and/or hoses,
2) replacement of sed's around filters;

3) shutting off ar flow during lunch or bresk periods, and

4) repairing breaks in lines, etc.

In generd, implementation of this AR involves any or dl of the following:

Specific repairs and implementation cogts for the lesks found during the Site vidt are given in the table

below.

I mplementation Costs

Machine Repair Needed Parts Labor Total Cost
Cardboard Boxes Area install shut-off valve $50 $25 $75
Cardboard Boxes Area install shut-off valve $50 $25 $75
Hand Dye install shut-off valve $50 $25 $75
Straight Knife replace coupling $2 $25 $27
Web change 0.5” tube $9 $25 $34
I-beam #1 install shut-off valve $50 $25 $75
I-beam #2 install shut-off valve $50 $25 $75
I-beam #3 replace coupling $2 $25 $27
TOTALS $263 $200 $63

Assuming that this work can be done by facility maintenance personne, these lesks can be diminated
for approximately $460. Thus, the cost savings of $5,730 would pay for the implementation cost of
$460 in about 1 month.

Equations for Air How, Power L oss, and Energy Savings

The volumetric flow rate of free air exiting the hole is dependent upon whether the flow is
choked. When the ratio of atmospheric pressure to line pressure is less than 0.5283, the flow is said to
be choked (i.e., traveling a the speed of sound). The ratio of 14.7 psia atmospheric pressure to 129.7
psialine pressureis 0.11. Thus, the flow is choked. The volumetric flow rate of free air, V;, exiting the
leak under choked flow conditionsis calculated as follows:

NL" (T, +460) =" C,” C;” Cy " —

v, = '

Modern Industrial Assessments 195



PRIMEMOVERS OF ENERGY: AIR COMPRESSORS

where
Vi = volumetric flow rate of free air, cubic feet per minute
NL  =number of ar lesks, no units
T = temperature of the air a the compressor inlet, °F
P = line pressure at leak in question, psia
P, = inlet (atmospheric) pressure, 14.7 psa
Cs4 = isentropic sonic volumetric flow constant, 28.37 ft/sec-°Ro.5
Cs = converson congtant, 60 sec/min
Cq = coefficient of discharge for square edged orifice!, 0.8 (o units)
D = |leak diameter, inches (estimated from observations)
C, = converson constant, 144 in’fft?
T, = average line temperature, °F

The power loss from legksis estimated as the power required to compress the volume of air lost from
atmospheric pressure, Pi, to the compressor discharge pressure, P, as follows?

¢ kLo
6
0 O

P C.V,’ kl_<1, N C,’

Ea ’ Em
Where
= power lossdueto air leak, hp
= gpecific heat retio of air, 1.4, no units
= number of stages, no units
= converson constant, 3.03 x 10-5 hp-minfft-1b
= COMpressor operating pressure, psia
= alr compressor isentropic (adiabatic) efficiency, no units
= 0.88 for single stage reciprocating compressors
= 0.75 for multi-stage reciprocating compressors
= 0.82 for rotary screw compressors
= 0.72 for diding vane compressors
= 0.80 for single stage centrifugal compressors
= 0.70 for multi-stage centrifugal compressors
= 0.70 for turbo blowers

mimnnmmmimoozxr

1. A.H. Shapiro, The Dynamics and Thermodynamics of Compressible Fluid Flow, Vol 1, Ronald Press, NY,

1953, p. 100.

2. Compressed Air and Gas Institute, Compressed Air and Gas Handbook, Fifth Edition, New Jersey, 1989, Chapters
10and 11.

3. Pneumatic Handbook, 7" ed., Anthony Barber, Trade and Technical Press, 1989, p. 49.
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E. = 0.62 for Roots blowers®
En = compressor motor efficiency, no units
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The annua energy savings, ES, are estimated as follows:

ES=L" H’ C,
where
H = annual time during which lesks occurs, hiyr
Cs = conservation factor, 0.002545 MMBtu/hp-h

The annua cost savings, CS, can be cadculated as follows:
CS= ESx unit cost of electricity

Quantifying air lesks is rdativdy smpleif the syslem can be shut down for 10 to 15 minutes and
if there is an operaing pressure gage in the system.

It is a good idea to ask plant personnel to shut down their compressors briefly (and close a
vave near the compressor if the compressor begins to relieve the system pressure through and
automatic bleed). It isimportant to assure that there are no plant processes taking air from the system
at the time of this test--the only thing relieving the pressure should be lesks. If thereis not an operating
plant pressure gage in the system, a chegp one and a collection of bayonet fittings should be a hand so
the gage can be attached to the end of one of the plant’s supply hoses.

One should monitor the pressure decay as a function of time for about a 10 ps drop and then
measure the sizes of the mgor receivers/accumulators and mgjor air headers. The pressure drop test
never takes more than 15 minutes, and usudly less. Measuring the Size of mgjor receivers and air lines
isashort job for an experienced student. Small lines (1.5 inch or less) can be ignored and leaving them
out makes the result conservetive.

Application of the perfect gas law will yidd the lesk rate in scfm. Then one can turn to a
reference like the DOE/C/40520-TZ by Varigas Research to get compressor hp required per scfm. It
is possible to correct the 100 psig data there to other pressures.

Thisis amuch better procedure than listening for lesks and ‘ quantifying’ them by ear as to such
things as ‘roar’, ‘gush’, ‘whisper’, etc. because the lesk rate is reasonably quantified in a conservative
way. It has the disadvantage of leaving the assessment team clueless about the cost of repair, which
must then be estimated. It is agood practice to listen for the big lesks and to try to see what is causing
themto ad in iminating cods
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This procedure, dong with a couple of other common projects is covered in two publications:

Darin W. Nutter, Angda J. Britton, and Warren M. Heffington, “Five Common Energy Conservation
Projects in Smdl- and Medium-Szed Indudtrid Plants” 15th Nationa Industrial Energy Technology
Conference, Houston, TX, March 1993, pp. 112-120.

The same article was rewritten for Chemica Engineering. Thereferenceis
“Consarve Energy to Cut Operating Costs,” Chemical Engineering, September 1993, pp. 126-137

Cooling Water Heat Recovery

Description

Air compressors, 100 hp and larger, are often cooled by water from a cooling tower. The
temperature of the water after leaving the cooling coils of the compressor may be sufficiently high thet
heat can be extracted from the water and used in a process. For example, boiler feedwater could be
preheated by the water used to cool the compressor. Preheating make-up water displaces boiler fue
that would ordinarily be used to heat the make-up water.

Definitions
Cooling Cail - Finned tubes on a water-cooled compressor through which water flows and across
which ar flows

Applicabili
Facility Type - Any manufacturing facility that has alarge, water-cooled air compressor.

Climate - All.
Demand- Side Management Strategy - Strategic conservation.

Waste Water Heat Recovery: Costs and Benefits'

Installed Costs Energy svings Cogt Savings  Simple Payback

Options ($)? (MMBtu/yr) ($lyr)® (yr)
Waste Water 16,171 3,306 14,676 1.1
Heat Recovery
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1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base and represent HOT waste
water IN GENERAL, not just cooling water. All values are averages based on the data base data. The
implementation rate for this measure was41%.

2. OneexamplefromthelAC databaseto further clarify the costs is as follows. Installing a heat exchanger to
recover heat from waste water to heat incoming city water resulted in energy savings of 145 MMBtu/yr, cost savings
of $777/yr, and an implementation cost of $2,600, giving asimple payback of 3.4 years.

3. Theenergy cost savings are based on proposed dollar savings as reported to | AC from the center, usually almost
identical to actual savings reported from the facility.

Compressor Controls

Description

Screw compressors may consume up to 80% of their rated power output when they are running
at lessthan full capacity. Thisis because many screw compressors are controlled by closng avave; the
inlet throttling valve on a typicd throttled-inlet, screw-type compressor is partidly closed in response to
areduced air system demand. The pressure rise across the compression portion of the unit does not
decrease to zero, and thus power is dill required by the unit. Accordingly, an older unit will continue to
operate at 80% to 90% and a new unit at 40% to 60% of its full load capacity horsepower. When
several screw-type air compressor are being used, it is more efficient to shut df the units based on
decreasing load than to alow the units to idle, being careful not to exceed the maximum recommended
gartshour for the compressor. Modular systems that conserve energy by operating severd smal
compressors that are brought on line as needed instead of operating one large compressor continuoudy
are often found in retrofit and new ingdlations.

Definitions

None.

Applicabili

Facility Type- Any facility that has screw-type air compressors.

Climate - All.
Demand- Side Management Strategy - Strategic conservation.

Screw Compressor Controls: Costs and Benefits'

Ingtalled Costs  Energy Savings Codgt Savings  Simple Payback

Options (%) (MMBtu/yr) (Blyr)® (yr)
Screw

Compressor 3,463 342 5,074 0.7
Controls
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1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. The implementation rate for this measure was 48%.

2. OneexamplefromthelAC databaseto further clarify the costs is as follows: Installing controls on a 100 hp
compressor resulted in energy savings of 128,600 kWh and a cost savings of $6,750/yr, at an implementation cost of
$1,500.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

Outside Air Usage

Description

The amount of work done by an air compressor is proportiond to the temperature of the intake
ar. Lessenergy is needed to compress cool air than to compresswarm air. On average, outsde air is
cooler than in indde a compressor room. Thisis often the case even on very hot days. Piping can often
be ingalled s0 that cooler outsde air can be supplied to the intake on the compressor. This is
particularly smple and cost-effective if the compressor islocated adjacent to an exterior wall.

The energy and cost savings are dependent on the size of the compressor, the load factor, and
the number of hours during which the compressor is used. The payback period is nearly aways less
than two years. The load factor is fairly constant for compressors that operate only when they are
actualy compressing air. Most reciprocating compressors are operated in this manner. When that are
on, they operate with fairly constant power consumption, usualy nearly equd to their rated power
consumption; when they are cycled off, the power consumption is zero. Screw compressors are often
operated in a different manner. When loaded (i.e., actualy compressing air), they operate near their
rated power, but when compressed air requirements are met, they are not cycled off but continue to
rotate and are “unloaded.” Older screw compressors may consume as much as 85% of their rated
power during this unloaded state. Therefore, if a screw compressor is to be operated continuoudly, it
should be matched closdly to the compressed air load that it supplies. Often, plant personnd purchase
compressors having severd times the required power rating. This may be done for a variety of reasons,
but often in anticipation of expangon of the facility and a commensurate increase in the compressed air
requirements.

Definitions

Rated Load - The power usage indicated by the air compressor manufacturer; usudly shown on the
nameplate.

Load Factor - The average fraction of the rated load at which the compressor operates.

Applicability

Facility Type - Any facility that uses compressed air in its operations. The savings increase as the Sze
of the compressor and the hours of use increase for both types of compressors.

Climate - Any climate in which the average outdoor air temperature is less than the air temperature in
the compressor room.

Demand- Side Management Strategy - Strategic conservation and peak dlipping.
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For More Information
Witte, L.C., P.S. Schmidt, D.R. Braun, Industrid Energy Management and Utilization, Hemisphere
Publishing Corp., Washington, DC, 1988, pp.433, 437.

Baumeigter, T., L.S. Marks, eds, Standard Handbook for Mechanical Engineers, 7th Edition,
McGraw-Hill Book Co., New York, NY, 1967, pp. 14.42-14.61.

Outside Air Usage: Costs and Benefits®

Ingtalled Costs  Enegy Savings  Cost Savings  Simple Payback

Options %)’ (MMBtuyr) ($yr)® (yr)
Outsde Air 593 82 1,246 0.5
Usage

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. The implementation rate for this measure was 52%.

2. OneexamplefromthelAC databaseto further clarify the costs is as follows: Supplying outside air to the
intakes of three air compressors (100 hp, 75 hp, and 50 hp) resulted in energy and cost savings of 10,050 kwh and
$490/yr. The implementation cost was $780.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

Compressor Replacement

Description

It is often advantageous to indtal a smaler compressor to more closdy match the compressed
ar requirements normaly met by overdzed or large compressors, for processes that have periods of
low compressed air usage. A smdler compressor will reduce energy usage and associated codts
because the smdler compressor will operate a a better efficiency than the larger compressor when ar
requirements are low. Generdly pre-1975 stationary screw-type compressors, if oversized for the
load, will run unloaded much of the time when the load islow. They are unloaded by closng the inlet
vave and hence are referred to as modulating inlet type compressors. Based on manufacturers' data,
these compressors can consume as much as 85% of the full load horsepower when running unloaded.
Some pre- and post-1975 compressor manufacturers have devel oped systems that close the inlet valve
but aso release the oil reservoir pressure and reduce oil flow to the compressor. Other dirategies have
aso been developed but are not usualy found on older (pre-1975) screw-type compressors. The
unloaded horsepower for screw compressors operating with these types of systems typically ranges
from 80% to 90% of the full load horsepower for older compressors and from 40% to 60% for newer
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compressors, depending on the particular design and conditions. In any event, if the compresses air
requirements are reduced during particular periods (such as athird shift), but are not diminated entirely,
then ingdling a smdler compressor to provide the air requirements during these periods can be cost-
effective.

Definitions
None.

Applicabili
Facility Type - Any fadility that tes a screw compressors and in which there are time periods during
which the compressed air requirements are low.
Climate - All.
Demand- Side Management Strategy - Strategic conservation.
Optimum Sized Equipment: Costs and Benefits

Instdlled Costs Energy Savings  Cost Savings  Simple Payback

Options (%) (MMBtu/yr) ($lyr)® (yr)
Compressor Replacement 11,826 975 9,828 1.2

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. The implementation rate for this measure was 39%.

2. OneexamplefromthelAC databaseto further clarify the costs is as follows: A manufacturer of computer
peripheral equipment replaced a 200 hp air compressor with a 75 hp air compressor. The energy savings were $61,850
kWh and the cost savings were $2,725. The implementation costs were $4,000.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
amost identical to actual savings reported from the facility.

Low-Pressure Blowers

Description

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

Definitions
Pating Tanks - Tanks containing chemicas used in plating operations, such as chrome plating.
Applicability

Facility Type - Any fadlity having plaing tanks.
Climate - All.
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Demand-Side Management Strategy - Strategic conservation and peak dipping.

Reduce Compressed Air Usage: Costs and Benefits!

Ingalled Costs  Eneagy Savings  Codt Savings ~ Simple Payback
Options %)’ (MM Btulyr) ($yn? (yr)

Low-Pressure Blowers 3,023 404 5,677 0.5

1. Tabulated data were taken from the Industrial Assessment Center (IAC) data base. All values are averages
based on the data base data. The implementation rate for this measure was 54%.

2. Oneexamplefrom the |AC databaseto further clarify the costs is as follows: A plating facility added a low
pressure blower. The energy savings were $41,000 kWh/yr and the cost savings were $3,200/yr. The implementation
cost was $5,000.

3. The energy cost savings are based on proposed dollar savings as reported to IAC from the center, usually
almost identical to actual savings reported from the facility.

8 Case Study

Edtimated Energy Savings = 428.7 MMBtu/yr
Estimated Cost Savings = $5,720/yr
Edtimated Implementation Cost = $8,500
Smple Payback = 18 months

Recommended Action

A low pressure blower should be instaled to provide agitation ar for 3 plating tanks. Use of
low pressure ar from a blower, as compared to use of compressed ar, would reduce dectrica
consumption by diminating the current practice of compressing ar and the expanding it back to the
lower pressure.

Background
A 100 hp compressor is currently in use at this facility, and a sgnificant amount of the power

consumed by the compressor (31%) is used to provide air to agitate 3 plating tanks. This compressor
produces compressed air at 117 psg, but less pressure is actually needed to provide effective agitation.
The pressure and flow rate requirements for effective agitation are cadculated from the following
equations.

Q=AF" F
and

P, =(043" D" SG)+0.75
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where
Q = flow rate required for agitation, cfm
AF = agitation factor
A = surface area of agitation tanks, 63.5 . ft.

Pa = pressure required for agitation, psig
SD = depth of solution, 3 ft.
SG = gpecific gravity of water, 1.0

For agitation tanks containing water, the agitation factor is 1.0 cfm/sq. ft.' The effective surface area of
the tanksis 63.5 0. ft. Thus, the flow rate required for agitation is calculated as follows:

Q=1..0" 63.5=63.5¢cfm

The pressure required for effective tank agitation is caculated as follows:

1. Sefilco'91-'92 Catalog “U” p. 118

P=043" 3.0  1.0+0.75= 2psg

Because the difference between the pressure ddlivered by the compressor and the pressure required for
effective tank agitation, the compressor is doing a large amount of unnecessary work. By implementing
ablower that has a pressure output more closdly matched to the agitation requirement, significant energy
savings can be redlized.

Anticipated Savings
Energy savings due to use of air at reduced pressure, ES, are estimated as follows":

ES=(PC- PB)" H" C,

where
PC = power consumed by compressor to agitate tank, hp
PB = power consumed by blower to agitate tank, hp
H = operating hours, 5,746 hiyr
C: = converson factor, 0.756 kW/hp

The volume of free air used for agitation V; & this plant as obtained from the plant personnd is 130 cfm.
The power PC that is required to compress the volume of free air \f needed for agitation from
atmospheric pressure Pi to the compressor discharge pressure P, can be calculated as follows™:
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K P Ok N
F>,c:2vfklecaAF;:§0 - 1
PC= : € o
Eac Emc
where
P = inlet (atmospheric pressure), 14.7 psa
C, = converson constant, 144 in’fft?
Vi = volumetric flow rate of free ar, 130 cfm
k = gpecific hedt ration of air, 1.4 (no units)

1. Compressed Air and Gas Handbook, 1961.

2. Compressed Air and Gas Handbook, Fifth Edition, Compressed Air and Gas Institute, New Jersey, 1989, Chapters
10and 11.

= number of stages, 1 sage

= converson constant, 3.03 x 10-5 hp-minft-1b

= pressure at the compressor outlet, 131.7 psia (117 psig)
= ar compressor isentropic (adiabatic) efficiency, 82%
= 0.88 for single stage reciprocating compressors

= 0.75 for multi-stage reciprocating compressors

= 0.82 for rotary screw compressors

= 0.72 for diding vane compressors

= 0.80 for single stage centrifuga compressors

= 0.70 for multi-stage centrifugal compressors

En. = compressor motor efficiency, 92% for a 100 hp motor

grémgngngninino O =

Thus, the power that is currently consumed by the compressor to provide ar for tank agitation is
cdculated asfollows:

04

e — u

147" 144" 130" 22+ 17 (3,03  10°) E23L7E4 g

0.4 & 147 » (

PC = , e u
0.82" 0.92
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Smilarly the power required by the blower to provide the same amount of ar for agitation, PB, can be
cdculated asfollows.

-1

: u
k Q& 7
P C.” 0O "N C. - &b u
i 2 Q k' 1 3 F)I 6 1‘_’]
PB= : € d
Eab Emb
where
Pb = pressure at the blower outlet, 17.7 psia (3 psig). Thisvaue accounts for Pa plus

lossesintheair lines.
Eab = blower isentropic (adiabatic) efficiency, 60%
Eab =0.70for turbo blowers
Eab = 0.62for Roots blowers'
Emb = compressor motor efficiency, 92% for a 100 hp motor

Thus, the power that would be consumed by the blower to provide air for tank agitation is estimated as
follows

1. Anthony Barber, Pneumatic Handbook, 7" ed., Trade and Technical Press, 1989, p.49

€,0,.2 |
147" 144 635" =2 17 (303" 10°°) €221 0

0.4 1474 U

PB= < u

0.60" 0.80

For thisfacility, the energy savings, ES, that can be redized by ingtdling a blower to provide agitation ar
for the three tanks are estimated as follows:

ES=(33.7- 1.6)" 5746 0.746 = 137,597 "N _ 4697 MMBIU
yr yr

The annud cost savings, CS, can be estimated asfollows:

CS= ESX unit cost of electricity
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MMBtu ¢, z$13.34 ¢

=$6,265/
yr g eMMBtUﬂ v

CS= ?69 7

Implementation Cost

Implementation of this AR involves purchase and inddlation of a low pressure blower and
corresponding controls. The purchase price for a blower that will provide a3 psig air a aflow of 63.5
cfm, including controls, is esimated as $7,500. The ingtdlation cogt is estimated as $1,000, including
modifications to tanks described below, giving a totd implementation cost of $8,500. Thus, the cost
savings of $5,720/yr would have a smple payback of about 18 months.

In order for a 3 psg blower to ddiver 63.5 cfm of air, the Size of the air outlets in the tanks may
have to ke modified. Assuming that there are 12 total outlets (4 outlets per tank), the required outlet
diameter is calculated from the equation for unchoked flow (less than the speed of sound) as follows:

4" Q" [T, +460

D=
- (k-2)
k O k
NL"C,"Cy, " C,"C, ' p~ Ti +460
?g ?g
where

T = average line temperature, °F
NL  =number of outlets used for agitation, 12
Cs = converson congtant, 60 sec/min
Cs = converson condtant, 1/144 ir?fit?
C, = isentropic subsonic volumetric flow congtant, 109.61 ft/sec-°Ro.5
Cwa = coefficient of discharge for subsonic flow through a square edged orifice, 0.6
T = temperature of the air at the compressor inlet, 101°F
P = line pressure a the agitation tanks, 17.7 psa

Thus, the required diameter of the air outlets is calculated as follows:
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e | 4" 635 /75 +460
2°04 04

12" 60" —— 10061° 06 p~ (101+460) ,|BLO  @I.I0
144 eld./ g eld./ g

D = 0.20 inches

Therefore, if the current diameter of the air outlets is not equa to 0.20 inches, the outlets should be
enlarged.

6.3.3. General Noteson Air Compressors

1. Screw units use 40-100% of rated power unloaded.

2. Reciprocating units are more efficient, more expensve.

3. About 90% of energy consumption becomes hest (10%).

4. RULE OF THUMB: Roughly 20 hp per 100 cfm @ 100 ps.

5. Synchronous belts generdly are not appropriate (cooling fins, pulley sze).

6. Uselow pressure blowers vs. compressed air whenever possible (agitation, heet guns, pneumatic
trandfer, etc.).

7. Cod of dr leaks surprisingly high.

8. Second, third, weekend shifts may have low ar needs that could be served by smaller compressor.
9. Outgdeair iscooler, denser, easer to compress than warm inside air.

10. Friction can be reduced by using synthetic lubricants.

11. Older compressors are driven by older, less efficient motors.

12. Compressors may be cooled with chilled water or have reduced condenser capacity.
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/ THERMAL APPLICATIONS

7.1. COOLING SYSTEMS

For process cooling it is dways best from the standpoint of energy conservetion to use the least
expensive form of energy firdt. That is, for a piece of equipment or a process that isair cooled, first use
outsde air (an economizer) if the outside air temperature is low enough. The next step, in appropriate
climates, would be to use direct evaporative cooling. This is a process in which air passng through
water droplets (a swamp cooler) is cooled, as energy from the air is released through evaporation of the
water. Evapordtive cooling is somewhat more energy intensve than the economizer but sill provides
some relatively inexpendve cooling. The increase in energy use is due to the need to pump water.

Indirect evaporative cooling is the next step up in energy use. Air in a heet exchanger is cooled
by a second stream of air or water that has been evaporatively cooled, such as by a cooling tower and
cail. Indirect evgporative cooling may be effective if the wet-bulb temperature is fairly low. Indirect
evaporative cooling involves both a cooling tower and sivamp 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 Hill less energy intensive than systems that use a
chiller. Thefina step would be to bring achiller on line.

Many plants have chillers that provide cooling for various plant processes. Chillers consst of a
compressor, an evaporator, an expansion vave, and a condenser and ae classfied as reciprocating
chillers, screw chillers, or centrifugd chillers, depending on the type of compressor used. Reciprocating
chillers are usudly used in smaler systems (up to 25 tons [88 kW]) but can be used in systems as large
as 800 tons (2800 kW). Screw chillers are available for the 80 tons to 800 tons range (280 kW to
2800 kW) but are normaly used in the 200 tons to 800 tons range (700 kW to 2800 kW). Centrifugal
chillers are available in the 200 tons to 800 tons range and are dso used for very large systems (greater
than 800 tons [2800 kW]). The evaporator is a tube-and-shell heat exchanger used to transfer hest to
evaporate the refrigerant. The expangon vave is usudly some form of regulating vave (such as a
pressure, temperature, or liquid-level regulator), according to the type of control used. The condenser is
most often a tube-and-shell heat exchanger that transfers heat from the system to the atmosphere or to
cooling water.

7.1.1. Introduction

This section contains information pertaining to cooling systems, particularly chiller sysems. Refer
to Brief #4 "Outsde Air Economizers™ Brief #5, "Evaporative Cooling,” Brief #6, "Cool Storage," and
Brief #7, "Heat Recovery from Chillers' in DSM Pocket Guidebook, Volume 2 Commercid
Technologies for information relating to cooling systems that may be found in indusiry. Topics discussed
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in this section include condenser water and chilled water temperature reset at the chiller, hot-gas defrost
of chiller evaporator coils, and two-speed motors for cooling tower fans.

7.1.2. Cooling Towers

The most common types of cooling towers disspate heat by evaporation of water which is
trickling from different levels of the tower. Usudly the weter is sprayed into the air, so the evaporation
is eader. Cooling towers conserve water, prevent discharge of heated water into natural streams and
aso avoid treating large amounts of make-up water. The wet-bulb temperature should not exceed the
maximum expected temperature, which occurs in the summer.

In the past most cooling towers were atmospheric. They relied on naturd air circulation, making
them not very efficient in their cooling cgpacity. In addition, high pumping heads were required to force
the water to a certain height and let it run down on the system of platforms after spraying. The spray
losses were substantia and make-up water was required in sgnificant amount.

Three types are widely used today. Mechanica forced-draft towers (see Figure 7.2), induced-
draft towers (see Figure 7.1) and hyperbolic. Mechanica forced-draft is designed to provide an air
supply a ground level and at amounts that are easly controlled by fans. Unfortunately, there are some
problems with thisdesign aswell. Firdly, it isanon-uniform distribution of ar over the area.

Comparison of F.D. Blower Tower vs. Propeller Tower for 400 Tons

Operating Tower Additiond Totd
Cooling Fan Motor | Fan Motor Pump Head | Pump Motor | Operating
Tower Type | hp kwW* ft? kW3 kW
Counterflow
with 40 324 23 6.9 39.3
Blower
Crossflow
w/Propeller | 20 16.2 10 3.0 19.2

212

Fan and pump motor efficiencies assumed to be 92%.
That portion of total pump attributable to the cooling tower; sum of static lift plus losses in tower’s internal

water distribution system.
Pump efficiency assumed to be 82%.
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Figure7.1: Induced Draft Cooling Tower
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Figure7.2: M echanical Forced-Draft Cooling Tower
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Secondly, the vapor is recirculated from the discharge into the inlet causing ice formation on the blades
of draft fans (only when the temperatures drop low enough in the winter months). Thirdly, the physica
limitations of the fan size might prove a problem.

In case of induced-draft towers, the fan is mounted on the top of the roof. This arrangement
improves air distribution. The make-up of water isaso less. Hyperbolic tower is based on the chimney
effect. The effect of the chimney diminates the need for fans which are necessary for both induced- draft
and mechanical forced-draft cooling towers. If the tower is of a substantid height, above 250 fet, the
tower orientation should be with its broad sde to the prevailing winds in the region. Shorter towers
should have long axis pardld to the prevalling winds.
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Utilizing free cooling is one method of off-setting the load on a chilled water system. Free

cooling uses evaporative cooling to provide chilled water needs when outsde conditions are idedl.
Figures 7.3 and 7.4 show two methods of free cooling.

outsid 0¥ 40 B Heated Air

utside

Air ' ' '
Water/Glycol

44— ¢F
50 B Chilled
Water
System
45 B —P 0 *
Plate Heat
Exchanger

Figure 7.3: Free Cooling/Air Preheat
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Free Cooling (Water Side Economizer) Define Operating Conditions

Peak Load Design Off Season Design
Conditions Conditions
Comfort Cooling 700 Tons 200 Tons
Data Processing 300 Tons 300 Tons
Tota Load 1000 Tons 500 Tons
Alternate Alternate
Number One | Number Two
Flow Rate 2400 GPM 1200 GPM 2400 GPM
Returning Temperature 550F 60°F 60°F
Leaving Temperature 45°F 50°F 55%F

7.1.3. Typical Performance | mprovements

Improvements in chilled water systems are described in the following sections.  Thorough
understanding of the operation and knowing dl loca conditions (temperatures, prevailing winds etc.) are
keys to providing an accurate andysis of the problem.

Condenser Water Temperature Adjustment

Description

The power consumption of any chiller increases as the condensing water temperature rises.
This is because, as the condenser temperature increases, the pressure rise across the compressor
increases and, consequently, the work done by the compressor increases. Condensing water
temperature setpoints are typically in the range between 65°F and 85°F, but can be aslow as 60°F. In
many cases the setpoint temperature is in the middle of the range, at about 75%F. A rule of thumb is that
there is a 0.5% improvement in chiller efficiency for each degree Fahrenheit decrease in the setpoint
temperature 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 alowable
decrease in the setpoint temperature must be determined by a detailed engineering analysis that includes
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 vaue.

Definitions

Condenser - The unit on the chiller in which heet is trandferred out of the refrigerant. Cooled
condensing water flows over tubes containing a vaporized refrigerant in a tube-and-shel heat
exchanger. As the refrigerant cools, it condenses into a liquid and releases hest to the condensing
water.
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Condensing Water - Water that has been cooled in a cooling tower that is used to condense vaporized
refrigerant in the condenser.

Applicabili

Facility Type- Any fadlity thet has a chiller.

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

Demand- Side Management Strategy - Strategic conservation.

For More Information
ASHRAE Handbook, 1996 Equipment, American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc., Atlanta, GA, 1988, Ch. 17.

Industrid Assessment Center (IAC). Contact the IAC nearest to your area.

Condenser Water Supply Temperature Reset: Costs and Benefits!

Installed Costs Energy Savings Cogt Savings  Simple Payback

Options (%) (MMBtu/yr) ($lyr)® (yr)
Condenser
Water 2,678 498 6,217 0.4
Supply
Temp. Resst

1. Tabulated datawere taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 67%.

2. One example from the IAC data base to further clarify the costs is as follows. Resetting the condenser water
temperature at an electronics plant resulted in energy and cost savings of 58,218 kWh/yr and $2,390/yr. The
implementation cost was $200.

3. The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savings reported from the facility.

Chilled Water Supply Temperature Adjustment

Description

The efficiency of chillers increases as the chilled water temperature increases. This is 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 gpproximatdy a 1% increase in efficiency for each degree Fahrenhet increase in the chilled
water setpoint temperature. The efficiency increase tends to be higher near the lower temperatures in
the setpoint range and decreases as the setpoint temperature increases. The amount of alowable
increase must be determined by a detailed engineering analysis that evauates the load requirements from
the chiller, the design chilled water temperature, and other aspects of the system. It is not uncommon to
find chilled water setpoints that are lower than is required from industrid chillers.
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Definitions

Evaporator - The unit on the chiller in which hest is transferred to the refrigerant. Warm water flows
over tubes containing a liquid refrigerant in a tube-and-shell heat exchanger. Hest is extracted from
the water as the refrigerant vaporizes and the temperature of the water is reduced to the desired
chilled water temperature.

Chilled Weter - Water in the evaporator that is cooled when hegt is removed to vaporize the refrigerant.

Applicabili

Facility Type - Any fadility thet hasachiller.

Climate - All climates

Demand- Side Management Strategy - Strategic conservation.

For More Information
ASHRAE Handbook, 1996 Equipment, American Society of Hesting, Refrigerating and Air
Conditioning Engineers, Inc., Atlanta, GA, 1988, Ch. 17.

Industrial Assessment Center (IAC). Contact the IAC nearest to your area.

Chilled Water Supply Temperature Reset: Costs and Benefits'

Instdled Costs  Energy Savings  Cost Savings  Simple Payback

Options (%) (MMBtulyr) ($yr)° (yr)
Chilled
Water 766 384 4,449 0.2
Supply

Temp. Reset

1. Tabulated data were taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 57%.

2. One example from the IAC data base to further clarify the costs is as follows: Resetting the chilled water
temperature in a manufacturing plant resulted in energy savings of 39 MMBtu/yr, a cost savings of $537/yr, and
no implementation cost, thus giving an immediate payback.

3. The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savingsreported from the facility.

Variable Soeed (or Two-Speed) Motors for Cooling Tower Fans

Description

Cooling tower performance is affected by the outdoor wet-bulb temperature. Higher wet-bulb
temperatures correspond to higher air saturation temperatures. As air loses the ability to extract heat
from water droplets flowing through a cooling tower (increesing wet-bulb temperature), a higher air flow
rate is required to remove the desred amount and reduce the condenser water to the design
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temperature. The cooling water fan motor is often szed to perform under design conditions (i.e, full
water flow rate at maximum air flow rate and design wet-bulb temperature). During periods of lower
outdoor wet-bulb temperature, the design amount of cooling can be obtained with lower air flow rates.
Asthe air flow rate decreases, the fan speed and the motor power requirements also decrease. It may
then be beneficid to ingal 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 congtruction.  Savings for the addition
of a two-speed fan motor are estimated based on the number of hours per year that the wet-bulb
temperature occurs at various ranges between design wet-bulb and minimum wet-bulb temperatures
and the power requirements for various air flow rates. 1t should aso be noted that variable speed drives
for fan motors achieve cooling tower energy savings in the same manner as two-speed motors.

Definitions

Wet-Bulb Temperature - Thermodynamic wet bulb temperature is the temperature at which liquid or
solid water, by evaporating into air, can bring the air to saturation adiabaticdly a the same
temperature.  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.

Applicability

Fecility Type- Any facility that has a cooling tower.

Climate - All cdlimates. It is advantageous to ingtal two-gpeed motors on cooling towersin both humid
and dry climates, however, the benefits are greater in climates that experience a low wet-bulb
temperature.

Demand- Side Management Strategy - Strategic conservation.

For More Information
Industrid Assessment Center (IAC). Contact the IAC nearest to your area.
Motor Master, Washington State Energy Office, Olympia, WA, 1992.

Two-Speed Motors on Cooling Tower Fans: Costs and Benefits®

Ingtalled Energy Savings  Cost Savings  Simple Payback

Costs
Options ($)? (MMBtulyr) ($lyr)® (yr)
Two- Speed
Motorson 4,170 164 2,400 1.7
Cooling
Tower Fans

1. Tabulated data were taken from the Industrial Assessment Center (IAC) database in 1994. The implementation
rate for this measure was 20%.

2. One example from the IAC data base to further clarify the costsis as follows: Installing two-speed motors on the
cooling towers at a plastic film extrusion plant resulted in energy and cost savings of 58,335 kWh/yr and
$2,680/yr. Theimplementation cost was $8,900.
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3. The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savings reported from the facility.

Hot Gas Defrost

Description
Frost builds up on air cooler unit (freezer) evaporator coils when the unit operates at less than

32°F. Frod is the result of moisture in the air freezing to the coil as the air passes over the coil. The
performance of the coil is adversely affected by frost. Frost acts as an insulator and reduces the heat
trandfer cgpability of the cail, and it redtricts airflow through the coil. Frost buildup is unavoidable and
must be removed periodicaly from the coil.

One method of frost removd is to use the hot refrigerant discharge gas leaving the compressor.
During the defrost cycle, hot gasiis circulated through the coil to melt the frost. Hot-gas defrost systems
may be used for al @oling unit capacities and may be included in new or retrofit condruction. For
retrofit gpplications, hot-gas defrost systems most often replace eectric resstance defrost systems.
Usng waste heet off the hot-gas sSde for defrost may result in savings on the order of 10% to 20% of
the total system usage.

Definitions

Hot-Gas - The refrigerant vapor discharged by the compressor. This vapor is superhesated; the
temperature of the vapor has been raised above that which normally occurs a a particular pressure.

Climate - All climates

Demand- Side Management Strategy - Strategic conservation.

For More Information
ASHRAE Handbook 1996 Equipment, American Society of Hegting, Refrigerating and Air
Conditioning Engineers, Inc., Atlanta, GA, 1988, p. 8.3.

Evaporator Coils Defrost: Costs and Benefits'

Installed Costs  Energy Savings Cost Savings ~ Simple Payback

Options (%) (MMBtu/yr) ($yr)° (yr)
Hot-Gas 9,750 489 6,656 14
Defrost

1. Tabulated data were taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data.

2. One example from the IAC database to further clarify the costsis as follows: Installing a hot-gas defrost system
in a dairy resulted in energy and cost savings of 20,500 kWh/yr and $1,070/yr. The implementation cost was
$2,500.
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4. The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savingsreported from the facility.

7.2. ABSORPTION REFRIGERATION

Packaged absorption liquid chillers are used to produce chilled liquid for air-conditioning and
industrid refrigeration processes. The chillers are usudly powered by low-pressure steam or hot water,
which can be supplied by the plant boiler or by waste heat from a process.

Where prime energy is needed, mechanica refrigeration is usudly preferable.  Conditions
favorable to absorption refrigeration are where sources of waste hest are available.

7.2.1. Operation

In the absorption cycle, two digtinct chemicas are used and the cycle is driven by heet. The
most common absorption system fluids are water as the volatile fluid and lithium bromide brine as the
absorber fluid.

Figure 7.5 illugtrates the operation of a two-stage absorption chiller. Refrigerant enters the top
of the lower shell from the condenser section and mixes with refrigerant being supplied from the
refrigerant pump. Here the liquid sprays over the evaporator bundle. Due to the low vacuum (6 mm
Hg) some of the refrigerant liquid vaporizes, cooling the refrigerant water to a temperature that
corresponds closely to the shell pressure.

As the refrigerant vapor/liquid migrates to the bottom haf of the shell, a concentrated solution of
liquid bromide is sprayed into the flow of descending refrigerant. The hygroscopic action between
lithium bromide (a st with an especialy strong attraction for weater) and water--and the related changes
in concentration and temperature--result in the extreme vacuum in the evaporator directly above.

Dissolving lithium bromide in water aso gives off hest which is removed by the cooling weter.
The resultant dilute lithium bromide solution collects in the bottom of the absorber where it flows down
to the solution pump.

The dilute mixture of lithium bromide and refrigerant vapor is pumped through the heat
exchangers, where it is preheated by a hot, concentrated solution from the concentrators (generators).
The solution then flows to the firgt- stage concentrator where it is heated by an external heat source of
steam or hot water. The condenser water used in the absorber and the condenser is normally returned
to acooling tower.
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The vapor is condensed in the second concentrator where the liquid refrigerant flows to the
lower shell and is once again sprayed over the evgporator. The concentrated solution of lithium
bromide from the concentrators is returned to the solution pump whereit is recycled to the absorber.

The degree of affinity of the absorbent for refrigerant vapor is a function of the concentration
and temperature of the absorbent solution.  Accordingly, the capacity of the machineis a function of the
temperature of the heat source and cooling water (see Figure 7.6).

I Refrigerant

~
(Water)
First Stage
Concentrator
Steam
Second
Condenser
C.or.lcentrateq Concentrator
Lithium Bromide
Solution
IA\ Cooling Water

Condensate

Condensate
Heat
Exchanger
(Optional)
High-Temperature System
Water

Heat Exchanger ]
Cooling Water

Intermediate
Lithium Bromide
Solution

Low-Temperature
Heat Exchanger

Lithium Bromide “

Dilute
Solution

Dilute
Lithium Bromide
Solution

Figure7.5: Two-Stage Absorption Chiller

Two-gtage absorption requires higher water temperature or steam pressure, but because no
additiona hest is required in the second concentrator, two- stage absorption machines are 30 percent to
40 percent more efficient. However, two-stage absorption machines cogt sgnificantly more than sngle-
stage absorption units on an equa tonnage basis.
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Capacity

Modern absorption refrigeration units range in cgpacity from about 100 tons to 1,60 tons for chilled
water servicee Mogt ratings are based on a minimum chilled water outlet temperature of 40°F, a
minimum condenser water temperature of 70°% at the absorber inlet, and a generator steam pressure of
12 psg. Hot water or hot process fluids can be used in lieu of steam for the generator; however, the
fluid inlet temperature must be a least 240°F for maximum capecity.
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Figure 7.6: Capacity as Function of Temperatureof Heat Source and Cooling Water

Operating Problems

Every effort must be made to keep the system air-tight, as even very smal lesks can cause
problems and are difficult to detect. Air entering the machine causes

The lithium bromide solution to become highly corrosive to metas.
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The lithium bromide solution to crysdlize
The chilled water temperature to increase.
Refrigeration capacity to decrease.

Cryddlization occurs when the lithium bromide solution does not go through the normd dilution
cycle. When this happens, the solution becomes so concentrated that it crystdlizes and plugs the
solution lines. The unit must then be shut down and decrystdlized. Crystdlization can be caused by a
power failure, controller mafunction, extreme variations in the condenser water temperaure, or
operator error in inadvertently dlowing air to enter the machine. It is indicated by arise in the outlet
chilled-water temperature, a loss of solution pump (or a roisy solution pump), aloss of solution leve in
the absorber, and generator flooding.

Although absorption refrigeration machines are generdly more difficult to operate and require
more maintenance than reciprocating and centrifugd machines, they dlow waste stream to be utilized
more efficiently and in the proper application can result in substantial energy savings.

M echanical Refrigeration
Typica hp required =1 hp/ton
Cost/ton-hr = $0.041
Absorption Refrigeration
Typical steam required for single-stage =18 |bs @ 14 psig/ton
Cost/ton-hr = 18 Ibs/hr x $4.01/M |bs steam = $0.072
Typical steam required for two-stage =12 Ibs/hr @ 14 psig/ton
Cost/ton-hr = 12 Ibs/hr x $4.01U/M |bs. steam = $0.048
Typical gasrequired for direct-fired, two-stage
Cost/ton-hr = 13,000 Btu/ton
= 13,000 Btu/hr x $3.00/MMBtu = $0.039

Table7.1: Cost Comparison of Mechanical and Absorption Refrigeration

Direct-Fired Two-Stage Absor ption Refrigeration

A recent development isthe use of direct gas firing or waste heat as the energy source in lieu of
steam. The gas stream must be 550°F for use in this application. Possible sources are drying ovens,
heet-tregting facilities, paint-baking ovens, process ovens, or any process which gives off aclean, high-
temperaiure exhaust gas. A specid advantage of this unit is that it can be directly integrated into a
packaged cogeneration system.

Table 7.1 shows a cost comparison of mechanicd and absorption refrigeration. The

attractiveness of absorption refrigeration depends on the relative cost of dectricity and fud if prime
energy isused, or the avallability of waste heet, which requires no prime energy.
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With the unit costs sdlected for the manud, the two-stage absorption sysem is dightly more
codly to operate than mechanicd refrigeration. Where waste heat can be utilized, absorption
refrigeration is, of course, the obvious choice.

In considering the use of waste heet for absorption refrigeration, it is worth areminder that the
firdt step should be to determine whether reducing or iminating the waste hest is possble. A common
goplication is the use of absorption refrigeration to utilize steam vented to amosphere. However, in
most cases a thorough study of the steam systemn will identify means of baancing the system to iminate
the loss of steam.

7.3. MECHANICAL REFRIGERATION

Refrigeration machines provide chilled water or other fluid for both process and ar conditioning
needs. Of the three basic types of refrigeration systems (mechanical compression, steam jet, and
absorption), mechanical compresson is the type generaly used.

The energy requirements of the steam jet refrigeration unit are high when compared with those
for mechanica compression; therefore, the use of steam jet refrigeration is limited to gpplications having
very low cost steam at 125 psig, alow condenser water cost, and a high eectrica cost. With today’s
energy codts, thistype of system israrely economicd.

7.3.1. Mechanical Compression

The mechanical compresson refrigeration system conssts of four basc parts, compressor,
condenser, expansion device, and evaporator. The basic system is shown in Figure 7.7. A refrigerant,
with suitable characterigtics, is circulated within the sysem.  Low-pressure liquid refrigerant is
evaporated in the evaporator (cooler), thereby removing heat from the warmer fluid being cooled. The
low-pressure refrigerant vapor is compressed to a higher pressure and a correspondingly higher
saturation temperature. This higher pressure and temperature vapor is condensed in the condenser by a
cooler medium such as cooling tower water, river water, city water, or outdoor air. The higher pressure
and temperature refrigerant liquid is then reduced in pressure by an expansion device for ddivery to the
evaporator.

226 Modern Industrial Assessments



THERMAL APPLICATIONS:MECHANICAL REFRIGERATION
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Hot Gas A
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Figure 7.7 M echanical Compression Refrigeration System

Reciprocating compressors offer the lowest power requirement per ton of refrigeration. For
example, a 100 ton capacity machine would use 1 kW/ton with a centrifugal compressor wheress the
same machine would use 0.8 kW/ton with a reciprocating compressor. Although the reciprocating unit is
more energy efficient, the savings are not sufficient to judtify replacement in anorma Stuation.

The characterigtics of a centrifuga compressor make it idedl for ar conditioning gpplications
because it is suitable for variable loads, has few moving parts, and is economicd to operate. The power
requirement of the centrifugal compressor is about 0.75 kW/ton when 45°% chilled water is produced,
and it requires 3 gpm/ton of condenser water. Mechanica compressors are normaly driven by an
electric motor dthough many ingalations utilize a steam turbine drive.

7.3.2. Methodsto Reduce Costs

The ultimate users of the cooling system and the digtribution system, as well as the refrigeration
machines, must be operated efficiently. The following steps will lead to the most energy-efficient
operation of the refrigeration system.

1. Userefrigeration efficiently.

2. Operate a the lowest possible condenser temperature/pressure (lowest entering condenser water
temperature).
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3. Opeate a the highest possible evaporator temperature/pressure (highest leaving chilled-water
temperature); do not overcoal.

Operate multiple compressors economically.

Recover heat regjected in the condenser.

6. Useahot gas bypass only when necessary.

o s

Use Refrigeration Efficiently

The mogt direct saving will obvioudy result from shutting down the equipment when refrigeration
is not required. Short of shutting down equipment, the refrigeration load may be reduced by ensuring
the cooling medium is utilized efficiently & the point of use. A typica problem is overcooling. Other
unnecessary 1osses are inadequate insulation or poor operating practices such as Smultaneous heeting
and coaling.

A reduction in refrigeration load will, of course, reduce the operation of the refrigeration
meachines, including the associated pumps and cooling towers. Economizer cycles on air conditioning
unitswill aso permit early shutdown of refrigeration machines. Refer to the HVAC section for detalls of
economizer cycle operation.

Reduce the Condensing Temperature (Pressure)

The mogt significant method to reduce compressor horsepower (aside from load reduction) isto
lower the condensing temperature (pressure). Typicaly, efficiency improves about 1.5 percent for each
1 degree decrease in refrigerant condensing temperature.

The pressure-enthdpy diagram Figure 7.8 illustrates how energy is conserved in the refrigerant
cycle (Carnot cycle). At point 1 the refrigerant liquid starts evaporating and absorbs heat from the
cooling load. At point 2 al of the liquid is evaporated and emerges as avapor. Between point 2 and 3
mechanica work is performed to compress the working fluid in the compressor. Between points 3 and
4, the vapor passes to the condenser where heat is removed by the cooling water and the refrigerant
returns to the liquid state. Between points 4 to 1 the refrigerant experiences adrop in pressure induced
by the expanson valve. Lowering the condensing pressure lowers line 3-4 to 3'-4', thereby reducing
the load on the compressor.

Opportunities to reduce condensng temperature will exist when the cooling tower or ar-cooled
condenser is operating at less than full capacity. Because the cooling tower or air-cooled condenser is
designed for summer conditions, excess capacity should exist in the winter. Rather than controlling to a
constant condensing temperature, the lowest possible temperature consstent with the capability of the
refrigeration system should be used.  Although additiona costs are incurred for cooling, these are more
than offsst by the reduction in compressor horsepower. The condition of the cooling tower or air-
cooled condenser is aso important for obtaining minimum temperature.
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Figure 7.8: Pressure-Enthalpy Diagram

Although it is economicd to operate at a lower condenser temperature than the design
temperature, too low a condensing temperature reduces the pressure differentia across the refrigerant
control (condensing pressure to vaporizing temperature), which reduces the capacity of the control and
results in starving the evgporator and unbaancing the sysem. As a rule of thumb, the condenser
temperature (refrigerant sde) should not be less than 35% above the refrigerant temperature in the
evaporator.

The partial-load power requirements of atypical centrifugd refrigeration compressor &t different
entering condenser water temperatures are shown in Figure 7.9.

The following example cdculates the annua savings from reducing the condenser water
temperature. A 1,000-ton refrigeration compressor rated at 750 kilowatts at full load is operating & a
700-ton load. The condenser water temperature is reduced from 85°F to 65°F during the five winter
months.

Percent design Load = (700 ton actua load) / (1,000 ton design load) x 100 = 70%

From Figure 7.9, the percent of full load power a 70 percent design load is:
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At 85°F condenser water, 65.5 percent
At 65°F condenser water, 60.0 percent
Input kW at 85°F condenser water = 750 X 65.6%

=491

Input kW at 65°F condenser water =750 x 60.0%
=450

Savings =41 kW

Annual Savings =41 kW x 6,000 hrs/yr x 5 mos/12 x 0.05 $kWh
= $5,130
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Figure 7.9: Partial Load Requirement for Centrifugal Refrigeration Compressors

Closdy related to lower cooling water temperature is proper maintenance of the condensers.
Inadequate water trestment can lead to scaling which can decrease heat transfer through the heat
exchanger tubes. A gradud increase in refrigerant temperature a constant load conditions is an early
signd of condenser tube fouling.
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Raise the Evaporator Temperature (Pressure)

An increase in evaporator temperature reduces the energy required by the refrigeration machine
because it must perform less work (reduced lift) per ton of refrigeration produced. The amount of
energy reduction depends on the type of refrigeration machine. For a centrifugal machine, the reduction
is approximately 1 to 1.5 percent for each degree the evaporator temperature increases.

As shown in Figure 7.8 increasing the evaporator temperature raises line 1-2 to 1'-2', thereby
reducing the load on the compressor between points 2 and 3. The effect is the same as reducing the
compressor load by areduction in condensing pressure (temperature) described in the previous method.

Conault the actud performance curve for the individua machine for amore accurate estimate of
horsepower reduction.

In some cases a higher evaporator temperature may not be possible if it is fixed by production
requirements. An opportunity to increase the evaporator temperature (chilled water temperature) will
exig when the flow of chilled water to the various areasis throttled. The throttle condition indicates that
less than full design flow is required by the units to satisfy the load. The chilled-water temperature can
be increased until it reaches the point a which any single user is requiring close to full flow. The sysem
temperature will be controlled by the single user that first reaches full capacity.

While some reduction in compressor power is obtained by increasing the leaving chilled-water
temperature, greater savings are possible with a centrifugd compressor by changing the compressor
speed. The reason is that, a a constant speed, the chilled-water temperature is raised by closing the
prerotation vanes on the compressor. This causes the reduction in power to be less than expected for
the corresponding increase in evaporating temperature. The speed change could be accomplished by
changing gears, or if a varigble chilled-water temperature is appropriate, a variable-speed drive could
be considered.

To find the savings from an increase in the chilled-water temperature from 45°F to 50°F, use the
following example. The refrigeration machine is rated a 1,000 tons and operates at an average load of
600 tons for five months per year.

Conditions: input = 412 kW; 1,800 gpm condenser water
Annud Savings =412 kW x (50°F - 45°%) x 1% x 6,000 hrslyr x 5 mos/12 x $0.05/kWh
= $2,580
Note that the condenser water flow does not change.

Operate Multiple Compressors Economically

If an ingalation has multiple refrigeration units, economic operation of these units can reduce
energy consumption. The operating characteristics of the types of compressors used will determine the
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economical mode of operation. The power requirements of reciprocating compressors make their
operation more efficient if one compressor is unloaded or shut down before a second compressor is
unloaded. On the other hand, the partid load requirements of a centrifugal compressor, as shown in
Figure 7.9 make it more economical to operate two compressors at equal partia load than one
compressor at full load and the second at low load. For example, it is more economical to operate two
centrifugal compressors at 80 percent of capacity than one at 100 percent and the second at 60
percent.

The same approach can be used in the assgnment of refrigeration machines to cooling
equipment. It is important that the capacity of the refrigeration machine match the capecity of the
cooling unit(s) it serves. Therefore, in a system of mulltiple refrigeration machines and cooling units, care
must be taken to assgn the refrigeration machines to the cooling units correctly.

Where two or more refrigeration machines supply separate chilled water systems and are
located in close proximity to each other, interconnection of the chilled water systems can be considered.
With this modification, during periods of light loads one machine may be able to carry the load for more
than one system.

The following example illudirates the savings from operating two compressors equaly loaded,
based on five months per year operation. One centrifuga compressor rated a 1,000 tons, 750
kilowatts, and 85°F entering condenser water temperature is operating at a 900-ton load and 75°F
entering condenser water. A second 1,000-ton compressor is not running.

From Figure 7.9 you can see the percent of full-load power at 75°F entering condenser water

is
At 90 percent design load, 84.0 percent
At 45 percent design load, 40.5 percent
Input kW at 900 tons = 750 kW x 84%
=630
Input KW (two units at 450 tons each)
=750 kW x 40.5% X 2 compressors
= 608
Savings = 22 kW
Annud Savings = 22 kW x 6,000 hrs/yr x 5 mos/12 x $0.05/kWh
=$2,750
Recover Heat

A magority of the time, heat rejected from a condenser can be recovered. The amount of hegt
rejected in the condenser is 12,000 Btu per hour plus the heat of compression (about 2,500 Btw/hr per
ton), giving atota hest rejection of 14,500 Btu/hr per ton produced.
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The use of a split condenser permits partid recovery of rgected heat. A split condenser uses
two cooling water streams. a process stream that is prehested in the first condenser and cooling tower
water for the second condenser. The preheating of a process stream reduces the heating load on the
cooling tower.

This heat recovery schemeis gpplicable only if the plant can use alow temperature hest source.

In the following example, a mechanical compressor rated at 1,000 tons is operating five months
ayear a an average 600-ton load. The savings from recovering 50 percent of the rgected heet to
prehest water now heated by a steam hot water hester are:

Heat Regected =600 tons x 14,500 Btu/ton-hr
= 8,700,000 Btu/hr

Annua Savings = 8,700,000 Btwhr x 50% x 6,000 hrs/yr x 5 mog/12 x $4.24 / 106 Btu
= $46,100

Reduce Operation of Hot-Gas Bypass

On mechanica refrigeration machines, the primary eements for load controls are the suction
damper, or vanes, and the hot-gas bypass which prevents compressor surge at low loads. The suction
vanes are used to throttle refrigerant gas flow to the compressor within the area of stable compressor
operation. Asload or flow drops, where it approaches the compressor surge point, the hot-gas bypass
is opened to maintain congtant gas flow through the compressor. Below this load point for the hot-gas
bypass, compressor flow, suction, and discharge conditions remain fairly constant, so that power
consumption is nearly congtant. Obvioudy, opening the hot-gas bypass too soon, or having a leaking
hot-gas bypass valve, will increase operating cost (kilowetts per ton).

It is not uncommon to find the bypass controls taken out of service, with the bypass st to
maintain a fixed opening and congantly recycle high-pressure refrigerant vapors to the suction side of
the compressor. A second frequent deficiency occurs when the hot-gas bypass is faulty or grosdy
oversized and is leaking through. A third source of energy loss is faulty load control, which can cause
improper operation of the hot-gas bypassvalve.

Considerable energy can be saved and capacity recouped if the defective hot-gas bypass vaves
and their controls are corrected.

Optimize Refrigeration Performance

The most basic gpproach to reducing refrigeration costs is to ensure that the units are operating
a maximum efficency. To monitor performance, each refrigeration machine must have proper
indrumentation. This instrumentation includes flowmeters for both the chilled water and the condenser
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water, pressure gauges at the inlet and outlet of both the condenser and evaporator, and temperature
wells in both the inlet and outlet of the condenser and the evaporator. These temperature wells should
be located in such a manner that aliquid can be placed in the well. The temperature messuring device
used to test the equipment should read accuratdly to one-tenth of a degree.

7.4. INSULATION

Although generdlly not viewed as a part of the mechanical desgn system, insulation is an
important part of every plant or building where any transfer of fluids or gases takes place and the ther
temperature is required to be different then that of ambient air. Properly insulated pipes, tanks and
other equipment can save thousands of dollars.

7.4.1. Introduction

There are severd opportunities in the indudtria sector to realize energy savings by ingdling
insulation in manufacturing facilities. Good insulation desgn and ingdlation are very important in terms
of performance and energy efficiency. It is essentid to determine the most gppropriate type and
thickness of insulaion for specific gpplications. The most codt-effective approaches involve insulating
pipes and tanks. These opportunities are described in this section.

7.4.2. Typical Performance |mprovements

Process Temperature (°F)
Nominal Pipe 150 | 250 | 350 | 450 | 550 | 650 | 750 | 850 | 950 | 1050
Sze
(in)
1 Thickness 1 15 2 25 | 35 4 4 45 | 5 55

Hest loss 11 | 21 | 30 | 41 | 49 | 61 79 | 96 | 114 | 135
SurfaceTemp. | 73 | 76 | 78 | 80 | 79 | 81 84 | 8 | 88 | 89

15 Thickness 1 2 2.5 3 4 4 4 55 | 55 6
Hest loss 14 | 22 | 33 | 45 | 54 | 73 94 | 103 | 128 | 152
SufaceTemp. | 73 | 74 | 77 | 79 | 79 | 82 86 | 84 | 88 | 90

2 Thickness 15 2 3 3.5 4 4 4 55| 6 6
Hest loss 13 | 25 | 24 | 47 | 61 | 81 | 105 | 114 | 137 | 168
SufaceTemp. | 71 | 75 | 75 | 77 | 79 | 83 87 | 8 | 87 | 91

3 Thickness 15| 25| 35 5 4 45 | 45 6 | 65 7
Hest loss 16 | 28 | 39 | 54 | 75 | 94 | 122 | 133 | 154 | 184
SurfaceTemp. | 72 | 74 | 75 | 77 | 81 | 83 87 | 86 | 87 | 90

4 Thickness 15 3 4 4 4 5 5.5 6 7 7.5
Hest loss 19 | 29 | 42 | 63 | 88 | 102 | 126 | 152 | 174 | 206
SurfaceTemp. | 72 | 73 | 74 | 78 | 82 | 86 85 | 87 | 8 | 90
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Nominal Pipe 150 | 250 | 350 | 450 | 550 | 650 | 750 | 850 | 950 | 1050
Sze

(in)

6 Thickness 2 3 4 4 45 5 55| 65 | 75 8

Hest loss 21 | 38 | 54 | 81 | 104 | 130 | 159 | 181 | 208 | 246
SurfaceTemp. | 71 | 74 | 75 | 79 | 82 | 84 | 87 | 88 | 89 | 91

8 Thickness 2 3.5 4 4 5 5 5.5 7 8 8.5
Hest loss 26 | 42 | 65 | 97 | 116 | 155 | 189 | 204 | 234 | 277
SurfaceTemp. | 71 | 73 | 76 | 80 | 81 | 86 89 | 88 | 89 | 92

Table7.2: Recommended Thicknessfor Pipe and Equipment Insulation

Steam and Hot Water

Description

Steam lines and hot water pipes should be insulated to prevent heet loss from the hot fluids.
Recommended thickness for pipe insulation may be determined from the reference given below. The
energy and cost savings depend on a number of things, such as the size of the pipe, the temperature of
the fluid and the ambient, the efficiency of the heat supply, and the heat transfer coefficient.

Definitions
Hest Trandfer Coefficient - A parameter used in determining hest loss.

Applicabili

Facility Type - All facilities with uninsulated steam and hot water systems.
Climate - All.

Demand- Side Management Strategy - Strategic conservation.

For More Information
Kennedy, W. J., W.C. Turner, Energy Management, Prentice-Hall, Inc., Englewood Cliffs, NJ, 1984,
pp. 204-221.

1997 ASHRAE Handbook of Fundamentals, American Society of Heating, Refrigerating, and Air
Conditioning Engineers, Inc., Atlanta, GA, 1997.

Steam Linesand Hot Water Pipes: Costs and Benefits'

Ingtalled Costs  Energy Savings  Cost Savings  Simple Payback

Options ($)? (MMBtu/yr) ($lyr)® (yr)
Steam
Lines

and Hot 2,087 948 3,201 0.7
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Water

Pipes
Tabulated data were taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 68%.
One example from the IAC data base to further clarify the costs is as follows: Insulating 500 ft of condensate
return pipes located throughout a plant having a 300 MM Btu/hr steam boiler resulted in energy savings of 370
MM Btu/yr and a cost savings of $960/yr. The implementation cost was $1,920.
The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savingsreported from the facility.

Cold Water

Description

Lines containing chilled water should be insulated to prevent condensation and frost buildup on

the lines and to prevent heat gain. Condensation will occur whenever moist air comes into contact with
a surface that is a a temperature lower than the dew point of the vapor. In addition, heat gained by
uninsulated chilled water lines can adversdy affect the efficiency of acooling system.

Definitions
Chilled Water - Water that is cooled by a chiller. It is usudly used for process cooling in indudtrid

gpplications.

Applicability

Facility Type - All fadilities having uninsulated chilled water lines.
Climate - All.

Demand- Side Management Strategy - Strategic conservation.

For More Information

Industrid Assessment Center (IAC). Contact the IAC nearest to your area.

1

2
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Chilled Water Pipes. Costs and Benefits'

Installed Costs  Energy Savings  Cost Savings ~ Simple Payback

Options (%) (MMBtulyr) ($yr)° (yr)
Chilled 970 56 850 1.1
Water
Pipes

Tabulated data were taken from the Industrial Assessment Center (IAC) database in 1994. Today the database
does not have a separate category for Chilled Water Pipes. Theimplementation rate for this measure was 52%.
One example from the |AC database to further clarify the costs is as follows:. Insulating 250 ft of cold pipein a
brewery resulted in energy savings of 3,500 kWh/yr and a cost savings of $234/yr. The implementation cost was
$1,200.
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3. Theenergy cost savings are based on actual dollar savings as reported to |AC from the facility.

7.4.3. Insaulation of Tanks

Tanks, smilar to pipes, should be properly insulated if their purpose is to hold media a certain
temperatures, epecialy for prolonged periods of time.

Hot Media

Description

Often, tanks containing hot fluids in manufacturing operations lack adequate insulation. The
tanks may be insulated with blanket type flexible insulation (1 in. thick, 1.5 Ib dengity) or rigid insulation,
depending on the type of tank. The savings would increase as the boiler efficiency decreases. The
savings would aso increase as the temperature in the tank increases.

Definitions

Condensate - The hot water that is the steam after it has cooled and consequently condensed.
Applicabili

Facility Type - All fadilities

Climate - All.
Demand- Side Management Strategy - Strategic conservation.

Hot Tanks. Costs and Benefits!

Ingtalled Costs  Energy Savings  Cogt Savings ~ Simple Payback
Options (%) (MM Btulyr) ($yr)’® (yn)
Hot Tanks 1,700 1,183 5,198 0.4

1. Tabulated datawere taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the database data. The implementation rate for this measure was 44%.

2. The cost of insulation is typically around $0.50/ft>. One example from the IAC database to further clarify the
costs is as follows: Insulating the manufacturing tanks in a food plant resulted in energy savings of 135
MMBtu/yr and cost savings of $470/yr. The implementation cost was $1,090. The tanks had a top area of 50 ft?
and side areas of 175 ft? and contained fluids at temperatures between 150°F and 230°F. The tanks were located
inaroom at 70°F.

3. The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savings reported from the facility.
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Cold Media

Description

Uninsulated tanks containing cold fluids are occasondly found in gpplications, such as chilled
water tanks that are located in areas where there can be considerable heat gain through the tank
aurfaces. If the air surrounding the tank is a a higher temperature than that of the tank, heet will be
transferred to the contents of the tank. By insulating these tanks, the heat transfer and load on the
system will be reduced, resulting in Sgnificant energy savings.

Definitions
Coefficient of Performance (COP) - The ratio between thermd energy out of and eectrica energy into
the system.

Applicability

Facility Type - Any facility having uninsulated cold tanks and significant operating hours.
Climate - All.

Demand- Side Management Strategy - Strategic conservation.

For More Information
1989 ASHRAE Handbook of Fundamentas, American Society of Hesting, Refrigerating, and Air
Conditioning Engineers, Inc., Atlanta, GA, 1989, Ch. 22.

Cold Tanks: Costs and Benefits!

Ingtalled Costs  Energy Savings  Cogt Savings  Simple Payback

Options $)° (MMBtuwyr) ($yr)® (yr)
Cald 460 36 520 0.7
Tanks

1. Tabulated data were taken from the Industrial Assessment Center (IAC) database in 1994. Today the database
does not have a separate category for Cold Tanks. All values are averages based on the data base data. The
implementation rate for this measure was 54%.

2. One example from the IAC database to further clarify the costs is as follows: The energy savings on a
refrigeration system having a COP of 2.0 and an uninsulated chilled water tank of 47 ft? at atemperature of 52°F
inaroom at 85°F would be over 2636 kWh/yr if the tank wereinsulated with 1 in. fiberglass.

3. Theenergy cost savings are based on actual dollar savings as reported to |AC from the facility.

7.4.4. Building Insulation

Any uninsulated surface (doors, walls, roofs) is a potentid heat snk in buildings. The example
in the following section can be extrapolated for bascdly any surface, R-vaues being the key in
evauding different types of insulaion.
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Dock Doors

Description
Uninsulated dock doors can be a source of significant heat loss in manufacturing facilities. The

doors can often be insulated by ingdling styrofoam or fiberglass in the door pands. The savings
depend on the size of the doors, the efficiency of the heating system, the R vaues of the insulated and
uninsulated doors, and the number of degree heeting hours per year.

Definitions

Degree Heating Hours - A measure relating ambient temperature to heating energy required. If the
outsde temperature is 1 degree below the base temperature in the plant for 1 hour then that
represents 1 degree heating hour.

R-Vdue- Measure of resstanceto heat transfer in Btu/hr-ft2-°F.

Applicability

Facility Type- All facilities with overhead doors.

Climate- Any climatein which heating is required.

Demand- Side Management Strategy - Strategic conservation.

For More Information
1997 ASHRAE Handbook of Fundamentals, American Society of Heating, Refrigerating, and Air
Conditioning Engineers, Inc., Atlarta, GA.

Dock Doors: Costs and Benefits®

Ingtadled Costs  Energy Savings  Cogt Savings ~ Simple Payback

Options (%)’ (MMBtu/yr) ($yr)°® (yr)
Dock 2,882 540 2,590 11
Doors

1. Tabulated datawere taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 52%.

2. One example from the |AC database to further clarify the costs is as follows: Installing insulation on an
uninsulated dock door resulted in an energy savings of 459 MMBtu/yr, a cost savings of $2,157/yr, and an
implementation cost of $3,700, giving a simple payback of 1.7 years.

3. The energy cost savings are based on proposed dollar savings from the IAC report, usually almost identical to
actual savingsreported from the facility.

7.45. Recommended Insulation Standards

Many insulating materiads are not suitable for use in direct contact with austenitic dainless sted
a or above 140°F or with duminum. If ingaled wicking type insulation materiads become wet, the
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soluble ingredients leach out and depost on the surface of the metd substrate.  The deposited
ingredients usualy consist of sodium slicate (if insulation has been inhibited) and chlorides and akalites.

The chlorides in these deposits can cause stress corrosion cracking of austenitic stainless stedl at
temperatures above 140°F if there is not enough sodium silicate inhibitor to neutralize them.

Alkdine ingredients in insulation, when wet, can cause corroson of unprotected auminum
substrate. Where duminum substrate protection is required, fibrated asphat cutback should be
included in the ingtdllation cog.

Excess wetting with water or especidly with acid solution can subgtantialy reduce the service
life of the inhibitor.

Wet insulation can corrode unprotected carbon sted pipe and equipment, especidly during
storage or shutdown periods.

Lowest Cost System

The lowest cost system recommended is based on both installed and continuing cost, consistent
with reasonable safety and return on investment. In other words, the lowest cost therma insulation
gysem is one that will remain in place for the desgn life of the system and one that will provide the
desred function. Mogt often, the options avalable might not be as trivid as one might suspect.
Interruption of production must also be accounted for.

Economic Factors to be Considered in Basic Insulation Selection

Glass Fiber
Glass fiber insulation has the disadvantage of moisture absorption and low resistance to abuse.
The continuing maintenance can offset any advantage of theinitia cod.

Cddum Silicate

Cdcium slicate and inhibited cacium glicate provide the lowest cost system in the temperature
range between 300°F and 1200°F. They are also satisfactory down to 140°F if polyisocyanurate foam
isnot suitable.

Polyisocyanurate

Polyisocyanurate foam is preferred to both glass fiber and calcium silicate for low temperature
gpplications (140°F to 300°F). When compared with cacium slicate, polyisocyanurate has better
moisture resstance which is particularly important for outdoor gpplication. Materia and ingtdlation
cods are comparable with those for cacium slicate. Polyisocyanurate insulation is suitable over a
temperature range of - 100°F to 300°F and, therefore, is excellent for dua temperature applications.

Mineral Wool

Mineral wool provides the lowest cost system in the temperature range of 1200°F to 1800°F.
This is true only if the metal surfaces to be insulated are not austenitic Sainless sted and/or abuse
resstance is not afactor.
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Finish Factors Influencing Insulation Selection

Where dlowed, the lowest initid-codt finish for pipe is kraft duminum laminate. The finish is
limited to dry, indoor, low-traffic areas, and may discolor with age. The lowest cogt finish on a
continuing basis for pipe and cylindrical sections of indoor or outdoor equipment, if chemica resstance
isnot an issue, is a smooth duminum jacket fastened with stainless stedl bands.

Reinforced madtic finishes should be used only over irregular shapes and where absolutely
necessary.

Stanless sed pipe covering is recommended only in specid Stuations where other finishes do
not provide adequate protection.

7.4.6. Process Equipment

Insulating process equipment does not differ in principle from insulating tanks or pipes. The
purpose is to maintain certain temperatures where required and minimize heat input to make up for heat
transfer |osses.

Injection Mold Barrels

Description

The barrds on injection molding machines are hegted to a very high temperature so that the
plagtic will flow into the mold. The heat loss from the barrds contributes to the air conditioning load in
the plant as well asincreasing the energy required to keep the barrels hot. Rock wool blanket insulation
is made specificaly for this purpose and is easily removed if maintenance on the barrels is required.
This measure is not recommended when ABS or PVC plastics are being molded because the sear
forces generate so much heet that cooling is required.

Definitions
Barrels - The portion of an injection molding machine through which the molten plagtic is forced by the
piston.

Applicability

Facility Type - Any injection molding fedility.

Climate - All.

Demand- Side Management Strategy - Strategic conservation.

| nsulate Equipment: Costs and Benefits'

Ingtalled Costs  Energy Savings  Cost Savings  Simple Payback

Options (%) (MMBtulyr) ($yr)® (yr)
Injection
Mold 2,435 695 3,621 0.7

Modern Industrial Assessments 241



THERMAL APPLICATIONS:INSULATION

Bards
Tabulated data were taken from the Industrial Assessment Center (IAC) database. All values are averages based
on the data base data. Theimplementation rate for this measure was 46%.
One example from the IAC database to further clarify the costs is as follows: Insulating injection mold barrels
resulted in an energy savings of 375 MMBtu/yr, a cost savings of $2,589, and an implementation cost of $2,028,
giving asimple payback of ten months.
The energy cost savings are based on proposed dollar savings from the IAC report, usually aimost identical to
actual savings reported from the facility.
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8 HVAC

8.1. AIRCONDITIONING

Air conditioning controls the working environment in order to maintain temperature and humidity
leves within limits defined by the activity carried out & the location. The environment can be maintained
for people, process or storage of goods (food is just one example). An ar conditioning system hasto
handle a large variety of energy inputs and outputs in and out of the building where it is used. The
efficiency of the system is essentid to maintain proper energy baance. If that is not the case, the cost of
operating an air conditioning system will escaate. The sysem will operate properly if well mantained
and operated (assumption was that it was properly designed in the first place, however, should sizing be
aproblem, even ardatively costly redesign might prove financidly beneficid in along run).

Air conditioning is the process of tregting air to control its temperature, humidity, cleanliness,
and distribution to meet the requirements of the conditioned space. If the primary function of the system
is to satisfy the comfort requirements of the occupants of the conditioned space, the process is referred
to as comfort air conditioning. If the primary function is other than comfort, it isidentified as process air
conditioning. The term ventilation is goplied to processes that supply air to or remove air from a space
by naturdl or mechanical means. Such air may or may not be conditioned.

8.1.1. Equipment

Air conditioning systems utilize various types of equipment, arranged in a specific order, so that
gpace conditions can be maintained. Basic components consist of:

A fanto moveair.

Cails to heat and/or cool the air.

Filtersto deanthe air.

Humidifiersto add moisture to the air.

Controls to maintain space conditions automatically.

A didribution system to channd the ar to desired locations, including dampers to control the
volume of air circulated, as shown in Figure 8.1.

Within each basic component there are different types and styles, each with their own operating
characteristics and efficiency, method and materids of construction, and cog, dl of which grestly affect
the initid desgn and resulting operating economics of the sygem. While this manud is directed
principaly to conservation with existing ingalations, idedly energy conservation should start during the
initid design and equipment-sdection stages of the system.
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Fans

The centrifugd fan with a backward-curved impdler is the predominant fan used in “built-up”
type ar conditioning units, while the forward-curved impeler centrifugd fan is used in “package’ type
ar handing units.

Cails

Coils are used in ar conditioning systems either to heat or cool the ar. The typica coil conssts
of various rows of deep finned tubing. The number of fins per inch varies from 3 to 14. The greeter the
number of fins per inch and depth of the row, the greater its heet trandfer rate will be. Anincreasein
heat transfer surface results in an increase in heat transfer efficiency and adso an increase in arflow
resstance dl of which will increase fan horsepower.

Hesting coils " will use either eam or hot water as a heating medium. The primary purpose of
the coil depends upon its location in the air handling system. A prehesater is the name given to a coil
located in the makeup outdoor air duct. The prehester’ s purpose is to raise the temperature of makeup
ar to above freezing. The heating coil doing the final heating of the air before it enters the conditioned
space is referred to as a reheater. 1t purpose is to maintain satisfactory space temperature by adding
heet to the supply air when it isrequired.

The generd purpose of cooling coils " isto cool the air. The cooling medium used istypicdly
chilled water, brine, or refrigerant in a direct expansonttype coil. Direct expansion-type coils are used
on smdl sysems when a chilled-water system is not economica. Chilled water is used on al other
systems when the air temperature required is above 50°F. When the air temperature required is less
than 50°F, a brine solution is used as the cooling medium because of its exposure to subfreezing
temperatures in the refrigeration machine.

Air Washers

A spray-type air washer congsts of a chamber or casing containing a Soray nozzle system, a
tank for collecting the spray water, and an diminator section a the discharge end for remova of
entrained drops of water from the air. An air washer can be used ether to humidify or dehumidify the
treated air depending upon the temperature of the soray water. Air washers will so do some cleaning
of theair. The efficiency of an air washer can be increased by increasing the volume of circulated spray
water. When spray water is used for humidification purposes, it is recirculated with only sufficient
makeup to satisfy evaporative losses. When spray water is used for cooling, it is most often mixed with
chilled water. The amount of chilled water is controlled to provide desired results.
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The use of ar washers in the comfort air conditioning field has been gradudly replaced by the
use of cooling coils. Some indudrid ar conditioning systems, particularly in the textile indugtry, Hill use
ar washers,

Cooling Coil ——Reheat Coll
Preheat Coil Filter Ean ¥
# \ > <4———Humidifier
Damger 50 F |—| |—| 55F /‘
| (S
> T U +
| |
| D_l » P _d% - Distribution System
| | | -«
/ Controls : |
(Typical) | :
® @ ! | @
/ ® @
Return 75 50%
Air
® { .
Outlet
(Typical) \
@ @ PY

\

Conditioned Space

——@——— = Conditioned Space
= System

— — — — = Instrument Piping

@ = Temperature
@ = Humidity

Figure8.1: Air Conditioning Equipment
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Air Cleaners

Air cleaners (filters) are used to reduce the dirt content of the air supplied to the conditioned
space and to keep equipment clean. The type of air cleaning equipment required depends upon the
requirements of the conditioned space, the amount of dirt to be removed from the airstream, and the
gze of the dirt particles to be removed. The smdler the particle Sze, the harder and more expensive the
ar cleaning job.

The three operating characterigtics that digtinguish the various types of ar cleaners are
efficiency, arflow resstance, and life or dust-holding capacity. Efficiency messures the ability of the air
cleaner to remove particulate matter from an airstream. The interpolation of ar cleaner ratings for
efficiency and holding capacity is complicated by the fact that there are three types of tests, dong with
certain variations, employed for testing filters. The operating conditions that exist are so varied that
thereis no individud test thet will adequetely describe all filters.

Air cleaners usad in the comfort ar conditioning field fdl into three broad categories. fibrous
media, renewable media, and eectronic. Various combinations of these types can be used. Air
cleanersfor industrid gpplications fal into five basic types: gravity and momentum collectors, centrifuga
collectors, fabric collectors, dectrostatic precipitators, and wet collectors.

The ingdlation cost and the operating cost of an ar cleaning system vary over a wide range.
Therefore, an economicd ingdlation is one in which the air cleaning unit(s) provides only the degree of
cleaning required to satisfy the conditioned space.

The pressure drop associated with the air cleaning devices varies from a low of 0.1 inch of
water gage (inches W.G.) to 10.0 inches W.G. In comfort ar conditioning, generdly, the higher the air
cleaner efficiency, the higher its pressure drop will be. Fan horsepower is required to overcome
pressure drop.

Humidifiers

Humidifiers are devices that add moisture to the airstream, thereby raising the rdaive humidity
of the conditioned space. In most comfort ar conditioning sysems and in many indudria ar
conditioning systems, humidifying devices are commonly sparging seam or atomizing water directly into
the airstream.

Since the advent of energy conservation, the standards for comfort air conditioning systems
have been reviewed and revised. One of the revisons diminates the humidity control as a comfort air
conditioning sysem standard, since controlling humidity requires additional energy year-round. In
indugtrid air conditioning systems where humidity control is afactor, it is recommended that this need be
reviewed and be reduced to the lowest degree the process will permit.
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Controls

The control system of an ar conditioning system contains various loops which automatically
control sdlect functions of the air conditioning system operation. The control system can be very smple
or very complex depending upon the sze and complexity of the air conditioning system, the extent of
operation, and the degree of sophistication desired.

Control systems can control temperature, humidity, duct pressure, airflow, sound darms, and
provide data to remote locations. These systems are operated either pneumaticaly or eectronicaly, or
a combination of both. For the most economica operation of the air conditioning system, controls must
be maintained. Their cdibrations should be routindy checked adong with the proper operation of vaves
and dampers.

Distribution System

A duct network comprises the distribution system, trangporting the air between the conditioning
equipment and the conditioned space(s). The system conssts of outlet and inlet terminas (diffusers,
regigers, grilles) for digribution of ar within the conditioned space, and dampers (automatic and
manud) for control of ar volume. The design of the didribution system greetly affects the amount of
pressure drop (resstance) it adds to the tota system. Low-pressure (low-velocity) systems are
designed with duct velocities of 1,300 fpm or less for comfort air conditioning systems and up to 2,000
fpm for indudtrid ar conditioning sysems. High-pressure (high-velocity) systems employ duct velocities
from 2,500 fpm on small systems (1,000 to 3,000 cfm) up to 6,000 fpm on large systems (40,000 to
60,000 cfm). Higher duct velocities result in higher duct system resistance (pressure drop) which results
inincreased fan horsepower.

8.1.2. Psychrometry

Psychrometry dedls with the determination of the thermodynamic properties of moist air and the
utilization of these properties in the anadlysis of conditions and processes involving moigt ar.  Air
conditioning deals with changing the properties of air to provide desired results in the conditioned space.
The psychrometric chart, a graphica representation of the thermodynamic properties of moigt air, isan
invauable ad in illugrating and solving air conditioning problems.

Since the properties of moist air are affected by barometric pressure, corrections must be made
when inddlation is done at other than sea level (29.92 inches Hg). Psychrometric charts are available
for elevations a sea level, 2,500 feet, 5,000 feet, 7,500 feet, and 10,000 feet. Also, charts are
available for different temperature ranges. The properties of moist air shown on a psychrometric chart
are:

Dry bulb (DB) temperature
Wet bulb (WB) temperature
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Dew point temperature (DP)

Rdative humidity (RH) in percent

Specific humidity (W) in grains per pound
Specific enthdpy (h) in Btu per pound
Spexific volume (V) in cubic feet per pound.

A description of these termsiis listed under the Terminology section.

8.1.3. Computation

The following formulae and factors are used in the air conditioning field:
Btu  =(Ibs) (sp. hesat) (Dt)
Btwhr = (Ibg/hr) (sp. hest) (Dt)
Btwhr = (lbshr) (h, - h)’
Lbshrgg. air = (cfm) (Ibs/cf) (60 mirvhr)
= (cfm) (0.075) (60)
= (cfm) (4.5)
SH, Btwhrgg, air = (Ibg/hr) (sp. heat) (Dt)
= (cfm) (4.5) (0.24) (Dt)
= (cfm) (1.08) (Dt)

cfm = SH /[(1.08)(room temperature - supplied air temperature)]

LH, Btwhrgg air = (Ibsfhr) (hy -h¥) (grains of moisture diff./7,000 graing/lb)
= (cfm) (4.5) (1,054) (grains diff./7,000)
= (cfm) (0.68) (grains diff.)
Lbshruae = (gpm) (Ibs/gdl) (min/hr)
= (grm) (8.33) (60)
= (gpm) (500)

hpar = [(cfm)(DP)] / [(6,350)(fan efficiency)]
hPwae = [(gPm)(DP)] / [(3,960)(pump efficiency)]

where
Dt = temperature difference
DP = pressure difference

’ (hg -hy) = 1,054 Btu/lb represents the heat of vaporization at 70°F. Vaiationin value for different conditions will be
small.
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Energy Conservation

The potentid for energy conservetion in the ar conditioning fid can vary greetly depending

upon the following:

o gk wnNpE

Desgn of sysems

Method of operation

Operating standards
Maintenance of control systems
Monitoring of system
Competence of operators

The techniques to optimize the energy requirements of air conditioning systems are discussed

under the following headings:

N URAWDNE

Operate systems only when needed.

Eliminate overcooling and overhegting.

Eliminate rehedt.

Minimize mechanica cooling and hegting.

Minimize amounts of makeup and exhaudt air.

Minimize the amount of air delivered to a conditioned space.
Recover energy.

Maintain equipmernt.

Examples of various energy-saving methods used in the following discusson are based on a

fadility having the following characteridtics

1.

gk own

© oo N>

10.
11.

12.
13.

Supply fan capacity  : 10,000 cfm @ 3,0in S.P., 6.8 bhp

Outdoor air : 30% = 3,000 cfm

Return air : 70% = 7,000 cfm

Room temperature . 75°F DB, 62.5°F WB, 55.0°F DP, 50% RH
Room loads : summer = 108,000 Btu/hr/(sensible hest)

: winter = 216,000 Btuwhr/(sensible hest)

Space, volume : 55,000 cu. ft.

Space, area : 5,500 sg. ft.

Space, cfm/sg. ft. 1.8

Space, supply air

temp. : summer design = 65%,

- winter design = 95%F
Design preheater load : 162,000 Btu/hr = 169 Ibs/hr (based on 50°F disc. temp.)
Desgn on cooling
coil load : 364,500 Btu/hr = 30 tons
Design outdoor temp.  : summer = 95°F DB, 78°F WB; winter O°F
Design outdoor
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degree days : 5,220 (65°F), 3,100 (55°F), 2,100 (50°F)
14. Design outdoor avg.
winter temp. : 41.4% (Oct. to Apr. inclusive)

< 67.0°F, 3,052 hrslyr
38.0°F = Avg. < 50°F, 3,543 hrs/yr
33.0°% = Avg. < 40°F, 2,162 hrglyr
15. Equiv. hrs/season
refrig. a full load : 750 hrs

Operate Systems Only When Needed

Air conditioning systems, including refrigeration machines, pumps, and cooling tower systems,
should be operated only when areas are occupied (for comfort ar conditioning systems) and when
processes are operating (for noncomfort air conditioning system). It is not uncommon for systems to
operate continuoudy. Reducing operating hours will reduce dectricd, cooling, and hesating
requirements. Continuous operation during normal working hours of 8 am. to 5 p.m., five day per
week, such asthat for an office building is a good example of excessive operation of equipment.

§ Example One

Find the savings by reducing operating hours from 168 hours per week to 50 hours per week

Savings from Reduced Fan Operation
= (Supply fan bhp) (Cogt, $'hp-yr) [(hrs'wk shut off) / (hrs’wk current operation)]
= (6.8) ($360) [(168 - 50) / (168)] = $1,720/yr

Savings from Reduced Space Heating Operating

= {[(24)(deg day)(design htg. load, Btu/hr)] / [room T - outside T]} (stm. cost, ¥MM-Btu)
x{ (hrs'week off) / (hrs'week current on)} (alowance for heat up)
={[(24)(5,220)(216,000)] / [(75 - 0)]}{$4.24 / 106} { (168 - 50) / 168} (0.5) = $537/yr

Savings from Reduced Preheater Operation of Outdoor Air

= (cfm) (1.08) (design disc. temp. - avg. temp. < disc. temp.)

x (hrslyr temp. < disc. temp.) x (sm. cost, ¥MM-Btu)

x { (hrs'week off) / (hrs’'week current operation)}

=(3,000) (1.08) (50 - 38) (3,543) {$4.24/ 106}{ (168 - 50) / 168} = $410/yr
* Factor of 1.08 = 0.075 Ibs/cu. ft. x 0.24 sp. heat x 60 min/hr
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Savings from Reduced Cooling Operation

= (design cooling ail load, tons) (equiv. hrg/'season @ full load)
X (refrig. sys. load, hp/ton) {(hrs/week off) / (hrs/week current operation)}
X (cost, $hp-hr) (alowance for cool down)

= (30) (750) (1.25){ (168 - 50) / 168} ($0.041) (0.75) = $607/yr

Summary of Tota Annud Savings

Fans = $1,720
Space heating = 537
Preheater = 410
Space cooling = 607

Totd = $3,274

Eliminate Overcooling and Overheating

Eliminating overcooling and overheating normally requires revisng operating standards and
modifying ar conditioning syslem controls. Instead of maintaining a constant temperaiure, the more
energy efficient method is b dlow the temperature to fluctuate within a dead-band range. Heating
should be used only to keep the temperature of the conditioned space from going typicaly below 68°F
to 70°F and cooling should be used only to keep the temperature from exceeding 78°F to 80°F. These
conditions gpply only during norma hours of occupancy. During unoccupied periods, the standard
should specify minimum conditions necessary to protect the building’s contents.  Process requirements
may, of course, dictate maintaining specid conditions. Figure 8.1 shows a sngle zone system with a
smple control system which results in overcooling and overheating. Figure 8.2 shows this sysem with a
modified control system which would eiminate Smultaneous cooling and hegting.

§ Example Two

The cooling coil and reheat coil are controlled as shown in Figure 8.1. Find the savings during
the hesting season if the coils were controlled in sequence as shown in Figure 8.2. Assume that the
mixed air temperature entering the cooling coil is 68%, and the hesting season is seven months long.
Savings from Eliminating Excessve Cooling

= {[(cfm)(1.08)(temp. diff.)] / [Btu/hr-ton]} (hp/ton) ($'hp-yr) (htg. season, mos./12)
= {[(10,000)(1.08)(68 - 50)] / [12,000]} (1.25) ($360)(7/12) = $2,835/yr

Totd Annud Savings
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Coaling = $3070
Rehesating = 2,835
Tota = $5,905

§ Example Three

Find the savings resulting from changing the room thermodtat setting from 75°F to 68°F during
the heating season--only if it saves energy. Given:
1. Room hesting load at 75°F = 216,000 Btu/hr
2. Room heating load at 68°F = (216,000)(68/75) = 195,800 Btu/hr
Annud Cost
={[(24)(deg day)(design htg. load, Btu/hr)] / [room T - outside T]} (stm. cost, ¥MM-Btu)
Annua Cost75°F
={[(24)(5,220)(216,000)] / [(75 - 0)]}{$4.24/ 106} = $1,530
Annua Cost68°F
= (annua cogt a 75°F) [(68%F - winter average temp.) / (75% - summer average temp.)]
= ($1,530)[(68 - 41.4) / (75 - 41.4)] = $1,210
Note Difference in cog is proportiond to temperature difference maintained with ambient
temperature
Tota Annud Savings = $1,530 - $1,210 = $320
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Figure8.2: Modified Air Conditioning System Controls

Eliminate Reheat

When humidity control is required, the conventional method is to cool the air to the required
dew point temperature to remove the excess moisture and then reheset the air to ddliver it at the desired
humidity and temperature (see Fgure 8.2). The cost of reheat for humidity control is not considered
judtified in today’ s energy Stuation for comfort air conditioning systems.

Sdtting stlandards for humidity levels is not recommended for normd air conditioning comfort
and should be discontinued. Likewise, no system should operate in amanner that requiresit to heat and
cool a thesametime. At any given ingant the system should be ether heeting or cooling--never both.

The process of cooling and then rehegting is inegfficient, whether for humidity control or because
of sysem design.
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Economizer Cycle

Many ar conditioning systems operate with a fixed minimum amount of outdoor air. The
mechanica refrigeration load on these syslems can be reduced by modifying the sysem to utilize
outdoor air--up to 100 percent of its supply airflow--when outdoor ar is cooler than return air. Thisis
referred to as an economizer cycle. Many systems do not have an economizer cycle and fal to take
advantage of its potentiad savings.

An economizer cycle will diminate or reduce mechanica cooling when the outdoor air is cooler
than return ar. When outdoor ar is warmer than return ar conditions, only the minimum amount of
outdoor air is used.

The switchover point of an economizer cycle is usudly done by one of two methods--sense
outdoor dry bulb (DB) temperature or sense outdoor and return air enthapy (heat content). Figure 8.3,
Figure 8.4 (dry bulb method), and Figure 8.5 illustrate the two methods of economizer control.

In the outdoor DB temperature switchover method, when the outdoor DB temperature is above
the set point temperature, the dampers are in their norma position:-the outdoor damper is closed and
the return ar damper is fully open. When the outdoor DB temperature is less than the set point
temperature, the dampers are modulated by the temperature controller.

In the enthapy switchover method, the enthapy controller senses the dry bulb temperature and
relative humidity in both the outdoor air and return airstreams. It then feeds these values into an enthal py
logic center. The logic center compares the enthalpy (heat content) of each airstream and alows
outdoor air to be used whenever its enthalpy isless than that of the return air.

When the outdoor enthapy is greater than the enthdpy of the return air, the dampers are
maintained in their norma pogtion:-the same manner as the outdoor temperature switchover method.
When the outdoor enthalpy is less than the enthdpy of the return air, the dampers are a'so modulated by
the temperature controller.

The enthdpy switchover method is more efficient because it is based on the true heat content of
the ar. The enthapy of ar is a function of both the DB temperature and its rdative humidity (or wet
bulb temperature). Therefore, DB temperature aone is not a true measure of the air's heet content.
Under certain conditions, air with a higher DB temperature can have a lower enthapy than air with a
lower DB temperature because of differences in humidity. The outdoor DB temperature switchover
method utilizes a single conservative DB temperature between 55% to 60°F, which ensures the enthal py
of the outdoor air is dways less than the enthdpy of the return air. On the other Fand, since the
enthapy switchover method determines the use of outdoor air on its enthalpy, the switchover point will
vary and normally occur & a higher outdoor DB temperature than the DB temperature typicaly sdected
for the outdoor DB switchover method. Consequently, less mechanica cooling is required than with the
outdoor DB temperature switchover method.
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Figure 8.3: Economizer Cycle (Outdoor Temp. Switchover, Mixing Temp. Control)
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Figure 8.4: Economizer Cycle (Outdoor Temp. Switchover, Chilled H20 Control)

In the method shown in Figure 8.3, which is found in many inddlations, the makeup ar and
return air dampers are controlled to maintain a fixed mixed air temperature. In Figure 8.4 the control
system that operates the chilled-water vave dso operates the makeup air and return air dampers in
sequence with the chilled-water valve. The method illustrated in Figure 8.4 is better becauseit resultsin
alower load on the cooling coll.

The preferred method, however, is shown in Figure 85, which utilizes enthdpy control for
switchover.

The savings resulting from an economizer cycle vary with the type of economizer cycle control
and the type of ar conditioning sysem control. Savings for different conditions are given in the
examples shown below.
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Figure8.5: Economizer Cycle (Enthalpy Switchover, Chilled H20 Control)

§ Example Four

Condition A--Qutdoor Temperature Method

Find the savings resulting from an economizer cycle with outdoor temperature switchover at
56.5°F on a year-round ar conditioning system (continuoudy opereting). The preheater discharge
temperatureis controlled at 40°F. Savings are determined in two steps.

1. Economizer savings when the outdoor temperature is < 40°F. The temperature of the air entering
the cooling coil when the outdoor air is less than 40°F is 64.5°F .

= {[(cfm)(1.08)(temp. diff.)] / [Btu/ton]} (hp/ton) cost, $'hp-yr)
x {(hrstemp < 40°F) / (8,760)}
={[(20,000)(1.08)(64.5 - 56.5)] / [12,000]} (1.25) ($360)(2,162/8,760) = $300/yr

2. Economizer savings when the outdoor temperature is between 40°F and 56.5°F. (Above 56.5°F
only minimum 30% outdoor air is used.) The average temperature of air entering the cooling coail is
approximately 67°F , which represents the midpoint between the maximum and the minimum
temperature that would occur.

= {[(10,000)(1.08)(67 - 56.5)] / [12,000]}{ (1.25) ($360)[(3,052)/(8,760) = $1,400/yr

Max  Min
Outdoor temp. = b56.5°F 40.0°F
30% outdoor air = 170 12.0
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70% return air @ 75°F 52.5 52.5
Avg. temp. = 0695 64.5

|
0
N
ol
0
N
(o

Average = (69.5°F + 64.5°F) / 2 = 67°F

Annud Savings for Condition A

Outdoor temp. < 40°F = $ 800
Outdoor temp. between 40°F and 56.6°F = 1,400
Tota $2,280

"Temperature of air entering coil.

Condition B-- Enthadpy switchover Method

Given the same conditions as the previous example, Condition A, fnd the savings from an
economizer cycle usng the enthapy method. To determine ether the enthadpy, the wet bulb (WB)
temperature or dry bulb temperature (DB) and relative humidity are needed. The enthapy vaue for the
particular condition can be read from a psychrometric chart.

For this example, an average outdoor relative humidity of 50 percent at 56.5°% is assumed,
which corresponds to 47.5°F WB temperature. The actua additiona reduction in cooling load over the
outdoor temperature method will depend on the outdoor ar conditions at the time. The reduction can
vary over the range from no reduction when conditions gpproach 62.5% WB to a maximum reduction
when approaching 47.5°F WB. For practical purposes it can assumed an average reduction of
goproximately one hdf of the maximum.

The cooling load when dl return air isused is:

Btwhr = (I’a ar Cfm) (45) (hret air - h:ooling ar disc.)
=(7,000) (4.5) (28.2- 19.0)
= 289,000 or 24.15 tons

The cooling load when dl outdoor air is used is zero.

Therefore, the average reduction in cooling load using outdoor air with the enthapy switchover
method is:

Reduction cooling load = 289,800 / 2 = 144,900 Btu/hr
Enthdlpy remains condant for any given WB temperaiure irrespective of DB temperatures.
Accordingly, the number of hours for which a given entha py existed can be obtained from local weather

records of WB temperatures. For this example, the outdoor WB temperature was between 47.5°F
WB and 62.5°F WB for approximately 2,000 hours per year.
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Additiond annua savings using enthapy contral:
= [(Btu/hr saved) / (Btu/'ton)](refrig., hp/ton)(cost, $¥hp-yr)[(hrs. applicable) / (8,760) =
[(244,900) / (12,000)](1.25)($360)[(2,000) / (8,760)] = $1,240/yr

Tota annud savings for the enthdpy switchover method over no economizer cycle include the above
savings plus the savings for the DB switchover outdoor temperature method in the previous example.

Outdoor temperature method = $2,280
Additiond savings with enthapy method = 1,240
Totd =  $3520

Minimize Amounts of Makeup and Exhaust Air

The amount of makeup air a system must have depends upon the largest demand caused by the
following:

1. Ventilation for people
2. Sdidaction of exhaudt air
3. Overcoming infiltration

In many systems, the sum of items No. 2 and 3 dictates the amount of makeup air required.
When this is the case, the amount of ar being exhausted should be reviewed to determine if it is
excessve. Minimizing infiltration requires that dl openings between conditioned and nonconditioned
gpaces be closed and that doors and windows fit tightly. The ventilation rate for people can vary
between 5 to 20 cfm and sometimes higher depending on the use of the room.

Also, excessive damper |eakage can result in an excessive amount of makeup air.

§ Example Five

Excess makeup ar in the winter will result in additiona heating load. Find the cost to preheat
1,000 cfm of outdoor air to 50°F.

Cost = (cfm) (1.08) (50°F - avg. temp. < 50) (hrs./yr. temp < 50°F)

X (8m. cost, ¥MM-Btu)
= (1, 000) (1.08) (50 - 38) (3,543) ($4.26 x 10°) = $194/yr.
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Excess make-up air in the summer will result in additiond cooling load. The cost of cooling is etimated
to be $410/yr.
Total annual savings = $194 + $410 = $604

Minimize the Amount of Air Delivered to a Conditioned Space

The amount of air delivered to a conditioned space is governed by one or more of the following:

Hesting and/or cooling load

Ddivery temperature

Ventilation requirements (exhaudt, people, infiltration)
Air circulation (air changes)

A wbdpE

The design of both comfort and many industrid air condition systems requires thet, for good air
circulation, the amount of supply ar should provide an air change every 5 to 10 minutes. Many systems
are designed for a 6 to 7-minute change. Reducing airflow will reduce fan horsepower. The mode
that has been used requires heat, and the air change is 5.6 minutes (1.8 cfm per square foot, 10-foot
high ceiling).

The method used in reducing the sysem’s arflow has a great influence on the amount of
horsepower saved. Three methods normaly used are:

1. Fandischarge damper
2. Fanvortex damper (fan inlet)
3. Fan speed change

§ Example Sx

Find the savings resulting from reduced reheat and fan horsepower on a year-round air
conditioning system when the airflow is reduced from 1.8 cfm per square foot (5.6 minute air change) to
1.1 cfm per square foot (9.1 minute air change).

1. Find the new airflow
cfm, = (cfm)[(ar change,) / (air changey)] = 10,000 (1.1/1.8) = 6,110
2. Find the new supply temperature:
Supplied air inlet temp. = room temp. - [(given room sensible load, Btw/hr]) / [(1.08)(cfm)]
=75 - [(108,000) / (1.08 x 6,110)] = 58.6°F
3. Find the savings from reheat reduction:
Cost(1.5 = (cfm) (1.08) (T, - Ty) (cost, ¥MM-Btuwhr-yr)
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= (10,000) (1.08) (65 - 56.5) [($37,100) x 10-6] = $3,410/yr
Cost(11) = (6,110) (1.08) (58.6 - 56.5) [($37,100) x 10-6] = $514/yr
Annua Savings (Reheat Reduction) = $3,410 - $514 = $2,900
4. Find the cfm reduction (in percent):
cfm reduction = [(cfmy) / (cfmy)] (100) = [(6,110) / (10,000)] (100) = 61%
5. Find the savings from fan horsepower reduction:

Method of hpRed.” Initia Saved Cost Savings
Reduction % hp hp $hp-yr Piyr
Outlet Damper 14.2 6.8 0.97 360 349
Inlet Vane Damper 45.0 6.8 3.06 360 1,100
Fan Speed 63.8 6.8 4.34 360 1,560
"From Figure 8.6
“Based on continuous operation
6. Find thetotd savings
$ Savings
Method Fan hp Rehesat Tota
Outlet Damper $349/yr $2,900/yr = $3,249/yr
Inlet Vane Damper $1,100/yr $2,900/yr = $4,000/yr
Fan Speed $1,560/yr $2,900/yr = $4,460/yr
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Figure 8.6: Effect of Volume Control on Fan Hor sepower

Recover Energy

The use of ar-to-ar heat exchangers permits the exchange of energy between an exhaust
arstream(s) and makeup arsream(s). Many of the exchangers will permit the exchange of only sensble
heat while a few will permit the exchange of enthapy (total heat). The trander recovery efficiency of
ar-to-air heat exchangers varies from 55 percent to 90 percent, depending upon the type of heat
exchanger and the face velocity.

Maintain Equipment
The physica condition of the air handling unit isimportant to its efficient operation.

Filters should be cleaned or replaced as soon as the maximum alowable pressure drop across
the filter is attained. If dirt builds up to a point where the pressure drop exceeds the maximum
dlowable, the resulting system pressure increase will reduce the fan's pressure and subsequently reduce
the ar handler’ s efficiency.
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As mentioned in an earlier section, dampers should sed tightly.  Air leskage due to poor

damper operation or condition will result in added loading of the air handling unit.

The fans should be checked for lint, dirt, or other causes for reduced flow.

The terminology commonly used in ar conditioning is given in the following section.

8.1.5. Terminology

Adiabatic process.

Air cleaner:

Air conditioning:

Air conditioning,
comfort:

Air conditioning,
indugtrid:

Air washer:

British Thermd Unit

(Btu):

Cdorie

Dehumidification;

262

A thermodynamic process during which no hest is added to, or taken
from, a substance or system.

A device used to remove arborne impurities.

The process of tregting ar so as to control smultaneoudy its
temperature, humidity, cleanliness, and digribution to meet the
requirements of the conditioned space.

The process of tregting ar so as to control smultaneoudy its
temperature, humidity (optiond), cleanliness, and didribution to meet
the comfort requirements of the occupants of the conditioned space.

Air conditioning for uses other than comfort.

A water goray sydem or device for ceaning, humidifying, or
dehumidifying the air.

The Btu is defined as 778.177 foot-pounds if it is related to the IT
(international  table) caorie in such a way that 1 IT cdorie per
(kg)°C) = 1 Btu per (Ib)(°F), with 1 Ib = 4535924 ¢.
Approximatdly, it is the heat required to raise the temperature of a
pound of water from 59°F to 60°F.

Heat required to raise the temperature of 1 gram of water 1°C,
actualy, from 4°C to 5°C. Mesan cdorie = 1/100 part of the heat
required to raise 1 gram of water from 0°C to 100°C

The condensation of water vapor from air by cooling below the dew
point or remova of water vapor from ar by chemica or physicd
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Enthalpy:

Enthdpy, soecific:

Evaporative cooling:

Hest, latent:

Heat, sensble

Humidifier:

Humidstat;

Humidity, rddive:

Humidity, specific:

Preheating;

Psychrometric chart:

Temperature, dew
point:
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methods.

Thermodynamic property of a substance defined as the sum of its
internd energy plus the quantity PV/j, where P = pressure of the
substance, V = its volume, and j = the mechanica equivaent of hegt.
Formally cdled by the obsolete names total heat and heat content.

A term sometimes gpplied to entha py per unit weight.

The adigbatic exchange of heat between air and a water spray or
wetted surface. The water approaches the wet bulb temperature of
the air, which remains congtant during its traverse of the exchanger.

Change of enthdpy during a change of date, usualy expressed in
Btu/lb. With pure substances, latent hest is absorbed or rejected at
congtant pressure.

Heat which is associated with a change in temperature; specific heet
exchange of temperature; in contrast to a heat interchange in which a
change of state (latent heat) occurs.

A device to add moisture to the air.

A regulatory device, actuated by changes in humidity, used for the
automatic control of relative humidity.

The ratio of the mole fraction of water vapor present in the air, to the
mole fraction of water vapor present in saturated air at the same
temperature and barometric pressure. It equastheratio of the partia
pressure or dengity of the water vapor in the air, to the saturation
pressure or density of water vapor at the same temperature.

Weight of water vapor (steam) associated with one Ib. weight of dry
ar, dso cdled humidity ratio.

Inair conditioning, to heet the air in advance of other processes.

A graphica representation of the thermodynamic properties of moist
ar.

The temperature a which the condensation of water vapor in a space
begins for a given state of humidity and pressure as the temperature of
the vapor is reduced. The temperature corresponding to saturation
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(100 percent reaive humidity) for a given absolute humidity a
constant pressure.

Temperature, dry The temperature of agas or mixture of gases indicated by an accurate
bulb: thermometer after correction for radiation.

Temperature, wet Thermodynamic wet bulb temperature is the temperature a which
bulb: liquid or solid water, by evaporating into air, can bring the ar to

saturation adiabeticdly a the same temperaure.  Wet bulb
temperature (without quaification) is the temperature indicated by a
wet bulb psychrometer constructed and used according to
Specifications.

Thermodtat: An indrument which responds to changes in temperature and which
directly or indirectly controls temperature.

Vertilaion: The process of supplying or removing air, by naturd or mechanica
means, to or from any space. Such ar may or may not have been
conditioned.

Volume, specific: The volume of a substance per unit mass; the reciprocd of dengty.

8.2. HVAC SYSTEMS

In this chapter, HVAC will be treasted like a sysem of different functions put together.
However, in some casesit isimportant to andyze the individua components as well.

8.2.1. Equipment Sizing Practices

Usudly al exiding energy consuming systems are oversized.
Reasons:

1. All HVAC design procedures are conservetive.

2. A “Safety Factor” isthen applied.

3. Dedgn is for a near-extreme weather condition which is very sedom obtained (2-3% of annud
hours).
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4. Standard eguipment size increments usualy result in further oversizing.
Any attempt to conserve energy amplifies the effect of statements above.

Operating efficiencies of equipment decrease with decreasing load - usudly exponentidly (see
Figure 8.7).

Reducing Capacity by Fan/Pump Sowdown

HP, _aCFM, 0
HP, CFM, 4
or
HP, _aGPM, 0
HP, &GPM, 5
Thus If CFM/GPM is reduced by 10%, the new hp will be 73% of origina
For CFM/GPM reduction of 40%, new hp will be 22% of origind.
But: Reducing hp output of the motor aso reduces its efficiency.
100 % ~
>
O
Z
L
O
LL
LL
1]
0
0 LOAD 100 %
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Figure8.7: L oad vs. Efficiency
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Figure 8.8: Control Valve Characteristics

Maximize HVAC Savings

1. Reducefan & pump horsepower - replace motorsif necessary.

2. Reduce operating time - turn it off when not needed.

3. Rerdfit exigting HVAC sysemsto some form of VAV (Varigble Air Volume) systems.
4. Himinate or minimize rehes.

5. Maintain, caibrate & upgrade control systems.

8.2.2. Design for Human Comfort

Providing comfortable conditions for people engaged in the working process is not a
superfluous luxury, as might be viewed by some. Good working conditions definitely increase
productivity, besides the indirect benefit of employees satisfaction in the workplace. However, dl the
comfort should be provided at the minimum expense, whether a company or a private residence.
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Outline

Determination of indoor conditions and how they affect energy use.
Impact upon equipment sdection, ducting, and register design.
How to determineif certain conditions will meet acceptable comfort criteria
Prevaent thoughts on comfort, including
- Factors of influence
- Cdlculation procedures
Indoor design conditions
Ventilation
- 315 cfm fresh air per person

- ASHRAE Standard 62-1989, “Ventilation for Acceptable Indoor Air Quality.”

oc

18.7

11.7

1.7 \<
oo N T | >

Clo at PPD=6% 134 .95 .80 .50

Figure89:  Comfort Zone Detall

1. Summer

Take hot, moigt ar and cool it and dehumidify it
2. Winter

Take dry, cold air and warm it and humidify it
3. Quedtions

To what temperature?

To what humidity?
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What is the impact upon energy cost?

ASHRAE STANDARD 90-1980

“Energy Consarvation in New Building Design”

1. Summer
Troom 3 78°F
f room: Min HVAC energy use
3 0.3 ACH (resdentid)
wheref denotes humidity

2. Winter
Troom Y 72°F
froomy 30%
3 0.3 ACH (residentid)

From the Comfort Chart

1. SUMMER
73Fy Tep y 81%F
20% y f y 60%

2. Winter
68°F Yy Tao Yy 75°F
30% y f y 70%

Since 1970, most of the work on comfort has been to re-define the x-axis on the comfort chart
(see Figure 8.9) to be more generd (i.e, include effects of heat radiaion, clothing, metabolism, ar
motion, etc.).

The EUROPEAN approach is to minutey quantify comfort (reason: they don't heat their
buildings as much). The UNITED STATES approach isto smply adjust the thermodtat (becoming less
acceptable to do s0).

Comments and Observations

1. ASHRAE isdow and conservative. Not aggressive in implementing energy policy (reacts, does not
act).
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2. Productivity isakey dement. Change in Standards will be difficult unless accompanied by a change
in peopl€ s attitudes (psychology).

3. If you know you are uncomfortable, it doeslittle good to know why.

4. ASHRAE hasdonelittle in the area of transferring knowledge of comfort to design practice.

Factors Affecting Comfort

1. Biologicd

Tskin

Radiation

/

TCore

Respiration <€

Convection

Metabolism

\

Evaporation
Tcore » 37°C + 1°C (98.6°F)
Tan » 92.7°F (buffer; adjusts to ambient)
Metabolic Heat Generation in an adult male;
~ 100 W; seated at rest
~ 850 W; heavy exercise
~ 1,500 W; Olympic athlete
Various Activities’ Btu/h-ft? met®
Resting
Seegping 13 0.7
Redining 15 0.8
Seated, quiet 18 1.0
Standing, relaxed 22 1.2
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Various Activities’ Btu/h-ft? met®
Walking (on the level)
0.89 m/s 37 2.0
1.34 m/s 48 2.6
1.79 m/s 70 3.8
Office Activities
Reading, seated 18 1.0
Writing 18 1.0
Typing 20 1.1
Filing, seeted 22 12
Filing, sanding 26 14
Walking about 31 1.7
Lifting/packing 39 2.1
Driving/Flying
Car 18-37 1.0-2.0
Aircreft, routine 22 1.2
Aircraft, insrument landing 33 1.8
Aircraft, combat 44 2.4
Heavy vehide 59 3.2
Miscellaneous Occupational Activities
Cooking 29-37 1.6-2.0
House cleaning 37-63 2.0-34
Seeted, heavy limb movement 41 2.2
Machine work
sawing (table saw) 33 1.8
light (dlectricd industry) 37-44 2.0-24
heavy 74 4.0
Handling 50-kg bags 74 4.0
Pick and shovel work 74-88 4.0-4.8
Miscellaneous Leisure Activities
Dancing, socid 44-81 24-4.4
Cdighenicgexercise 55-74 3.0-4.0
Tennis, Sngles 66-74 3.6-4.0
Basketball 90-140 5.0-7.6
Wrestling, competitive 130-160 7.0-8.7

a Compiled from various sources. For additional information see Buskirk (1960), Passmore and Durnin (1967), and

Webb (1964).
b 1 met = 18.43 Btu/h-ft*

Table8.1:
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Heat Flux Generated by Various Activities
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2. Clothing
Clothing resistance (dlo); 1 clo = 0.155 n?2C/W = 0.88 h-ft>-°F/Btu
lclo »R-1
clo ATTIRE
1/2 Sacks, short deeve shirt
1 Three-piece it
4 Fur Coat
Table 8.2: Clothing Resistance
Gar ment description® I/clo | Garment description® I/clo
Underwear Dresses and Skirts
Man's briefs 0.04 Sirt (thin) 0.14
Panties 0.03 SKirt (thick) 0.23
Bra 0.01 Long-deeve shirt dress (thin) 0.33
T-shirt 0.08 Long-deeve shirt dress (thick) 0.47
Full dip 0.16 Short-deeve shirt dress (thin) 0.29
Hdf dip 0.14 Sleeveless, scoop neck (thin) 0.23
L ong underwear top 0.20 Sleaveless, scoop neck (thick) 0.27
L ong underwear bottom 0.15 | Sweaters
Footwear Seevdessves (thin) 0.13
Ankle-length athletic socks 0.02 Seeveess vedt (thick) 0.22
Cdf-length socks 0.03 Long-deeve (thin) 0.25
K nee socks (thick) 0.06 Long-deeve (thick) 0.36
Panty hose stockings 0.02 | Suit Jackets and Vests (lined)
Sandd s'thongs 0.02 Sngle-breasted (thin) 0.36
Slippers (quilted, pile-lined) 0.03 Sngle-breasted (thick) 0.44
Boots 0.10 Double-breasted (thin) 0.42
Shirts and Blouses Double-breasted (thick) 0.48
Sleeveless, scoop-neck blouse |  0.12 Seeveless vest (thin) 0.10
Short-deeve, dress shirt 0.19 Seeveess ves (thick) 0.17
Long-deeve, dress shirt. 0.25 | Seepwear and Robes
Long-deeve, flannd shirt 0.34 Seeveess, short gown (thin) 0.18
Short-deeve, knit sport shirt 0.17 Seeveess, long gown (thin) 0.20
Long-deeve, sweet shirt 0.34 Short-deeve hospita gown 0.31
Trousers and Coveralls Long-deeve, long gown (thick) 0.46
Short shorts 0.06 Long-deeve pgamas (thick) 0.57
Walking shorts 0.08 Short-deeve pgjamas (thin) 0.42
Straight trousers (thin) 0.15 Long-deeve, long wrap robe) 0.69
Straight trousers (thick) 0.24 (thick)
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Sweat pants 0.28 Long-deeve, short wrap robe 0.48
Overdls 0.30 (thick)
Coverdls 0.49 | Short deeve, short robe (thin) 0.34

a “Thin” garments are made of lightweight, thin fabrics worn in the summer; “thick” garments are heavyweight, thick
fabricsworn in the winter.

Table8.3: Garment Insulation Values
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3. Environmenta indices
Operating temperature

TO — hI'Tl' + tha
h +h,

T, =aT +(1-a)T,

where T, = mean radiant temperature

and T, = dry bulb temperature
1
—£a£g
3 3
14
Tr - a. T|
N iz
Convection
Equation Limits Condition Remarks/
Sour ces
h. = 0.061 \°° 40<V <800 Seated w/moving air Mitchell (1974)
h. =055 0<V <40
h. = 0.475 + 0.044\°¢’ 30<V <300 Reclining w/moving air Colin & Houdas
(1967)
h, =0.90 0<V<30
he = 0.92\/°% 100<V <400 Walking in till air V iswalking speed
Nishi & Gagge
(1970)
he = (M - 0.85)°% 11<M <30 Activein till air Gagge (1976)
he =0.146\/°% 100<V <400 Walking on treadmill in still | V istreadmill speed.
ar Nishi & Gagge
(1970)
h, = 0.068V>* 30<V <300 Standing in moving air Seppeman (1972)
h. =0.70 0<V <30

Table8.4: Equationsfor Convection Heat Transfer Coefficients
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where h.isin Btuh ft?
Visinfpm
M in met units; 1 met = 18.43 Btu/h ft?

Sandard Conditions for Comfort

Icl = 0.60clo
m=1met
V 'y 20fpm
Tr = Ta

im = 0.4 (Moisture permesbility index) - (85% are comfortable)

8.2.3. General Types of Building Heating and Cooling

The following pages show schematics (Figures 8.10-8.16) of many types of heating and cooling
systems. Both equipment and controls are shown in the pictures to give an idea of how typica HVAC

systems are designed.
To Preheat __ —_——————— - — = -
Call
| CHR  CHS |
| I
| I
| I
: T
NC
L
o) o
Spray
Mixed & <«
Preheated —®
Air <— -— Cooling Coil
With Eliminators
e
E;;J‘_M_E
Pump Makeup
Water

Figure8.10: Sprayed Coil Dehumidifier
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Spray
Nozzles

Eliminators
~

Air Flow

— >

Pump

|
O T

O

3'4—‘

Makeup
Water

Figur

e8.11:

Evaporative Cooling & Air Washer

High Signal Selector

— — 19 RrRL - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ |_
| i L
| | |
' T L jolc
T | | 1
4 | 4 | V3| | Space
Stats
| | | NC
| | | -
_X _X High | u
Limit ! L]
V2 Vi H RA
NC NO
o o o o
Mix.ed Cooli.ng Heating High Limit
Alr Col Coil Humidifier
Supply Fan
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Figure8.12:

Humidity Control Through Cooling Override

From Supplly

?

Fan Starter

Minimum Position Switch

-

o — = /7 = I
_ e |
|| . I
RZI-I ef OLZIS: de | | || Space
N | || HR CHR CHS | | Therm.
v O |y s
DM |_ DM | |
3 2 Hiah Fireor
NC DM NC 9N Smoke
1 Vi | v | Limit Detector
NO N
‘ 5 o o o | |
1 0
O " AT - [=] O
Ret.urn Filter Supply Fan
Air
Low Temp.
Safety

Figure8.13:
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Single Zone- All Direct Control from Space Ther mostat
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Discriminator

- From
— - Ot her
R3 L - Zones
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From T T
Supply - J —_ — 4 _ = - = -
Fan — — — RC- 2 | | |
| Outside | HRA Hs | | |
| ©
| | |
+ V1
| | _D_X | | Zone|
DM NC | |
T3
o o |
Filter Heating | ~
Coil
| |
: Cooling | N
Supply Coil |
Fan 4 o
T4 |
V2 |
I _D_X | |
| Mo | |
| CHR CHS | |
I
I———RC—3____J
Figure8.14: Dual Duct Air Handling System
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Discriminator Relay

Low est - - From
Reset — — — — 7 — Z Ot her
From _ R3 [ 5
Supply S N Highest | _ T4 ocomes
Fan — —|RC-2 |
| r F — — | Zone |
|  Outside | HRA HS | | Ther mostat
Air |
| | |
+ Vil
| {H L
DM NO | |
T3 | DM
o o) o [
Filter Heating 0 |
Coil
| | To Zone
@ —
Cooling |
Supply Coil |
—  Fan i Q [
T4 |
V2 |
I _D_X | |
| NC |
|
| CHR CHS | |
- ]
|— — —|RCG-3| ]
_\ Reset

Figure8.15: Multizone Air Handling Unit
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Cl
Hect ronic
— | BEP-1 |— =]
l_ Controler
Fan -
Speed Hect ronic
Control R
CHWR Controler Pressure
Outside Air | CHWS M| Sensor
]
T L " |
J
Ifl] u]
- T _D_ :I l_ Reheat l_
| Relief | Coil |
| - | T |vaveo | FO=
BP-2 Time ||/\ ||/\
Switch
=l O |
Bect ronic ReAtil: m
High Signal
$e|ed0r
Cc2

—va
] Hectronic
A

Controller

Comparator
and Relay

Figure8.16: Hybrid VAV Control System

8.3. VENTILATION

Many operations require ventilation to control the level of dust, gases, fumes, or vapors. Excess
ventilation for this purpose can add sgnificantly to the heeting load. All ar that is exhausted from the
building must be replaced by outsde air.

8.3.1. Introduction

During the heating season the air must be heated to room temperature by makeup ar unitsor by
infiltration and mixing with room air. When process hegting is d o involved, excess ventilation resultsin
alossof energy a al times.
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A common problem during the winter hegting season is negative building pressure resulting from
attempting to exhaust more air than can be supplied. The most obvious problem encountered with air
garvaion isdifficulty in opening doors. Negative pressure will lead to anumber of other problems.

1. Heaters, ovens, and other plant equipment that depend on natura draft cannot operate properly
under negetive pressure and their combustion efficiency drops.

2. Downdrafts can cause condensation and corroson. Fumes can dso be drawn into the plant,
affecting employee hedlth and effectiveness,

3. Without proper exhaust, air stagnation creates concentrations of fumes or odors. Warm, moist air
may even condense on manufactured products or mechanica and eectrica equipment.

4. Workers near the building's perimeters may be subjected to drafts as the pressure differentid
between inside and outside draws cold air through doors and windows. Downdrafts can also occur
around ventilation hoods which are temporarily inoperative. Turning up the thermodtat causes
employees in the middle of the building to become uncomfortable and offerslittle help to those near
thewdls.

5. Exhaugt fans cannot work a rated cgpacity under negative pressure, and dugt, dirt, and
contaminants in the plant increase.  Maintenance, housekeeping, and operating codts rise, and
equipment wears out much fagter. If new exhaust fans are added without equivaent makeup air
capacity, equipment efficiency suffers.

Exhaugt ar flows are usudly established for the more demanding winter conditions when
negative pressures may exist. Consequently, with no adjustment to the exhaust system during the non
heating season when the building pressure is a equilibrium with the outsde air, the exhaudt rate will be
greater.  Where no process hedting is involved, the resulting higher summer exhaudt rate is not a
problem. However, when process heating is involved, such as with ovens, the higher exhaust rate will
increase the hesat |oss.

8.3.2. L osses

Losses of ar from buildings are inevitable. The air which was heated will dowly seep through
gaps around windows, doors and ducts. It is a Stuation that has to be dedt with. On the other hand,
not only would the totd dimination of air lesks be prohibitively expensve, but also could also cause
condensation and/or pressure inequdity in the building with respect to the outside.

Room Air

The following two equations may be used to estimate makeup air heeting costs on an hourly and
yearly basis.

Hourly Cost = 1.08 x c¢fm x Dt x (C/eff.)
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Yearly Cost = (0.154 x cfm x D x dg x C) / €ff.

where
cfm = ar volume, cfm
Dt = outside temperature - inside temperature, %
C = cost of fud, ¥/Btu
eff = heater efficiency; if unknown, use 0.80 for indirect-fired heater
D = operating time, hours/week
dg = annua degree days. 4,848 for New York City, New York or 5,930 for Pittsburgh,
Pennsylvania

For example, assume 10,000 cfm with 40°F outside temperature, operating 15 shifts per week.
Cost/hr = 1.08 x 10,000 x (70 - 40) x ($3.00/10°Btu) x (1/80%) = $1.215

Annua Cogt = 0.154 x 10,000 x 120 x 4,848 x ($3.00/10°Btu) x (1/80%) = $3,360

High-Temperature Exhaust

In the case of a high-temperature exhaust, as from an oven, the loss is magnified because the air
contains ussful energy. During the heating season, cool makeup air needs to be warmed to room
temperature first before being heated to the necessary temperatures in the ovens. This extra energy input
is unnecessary unless the amount of makeup air could be minimized.

An example of the potentid saving for a reduction in exhaust for 1,000 cfm at 250°F is as
follows

1. Saving for hesting outsde air to 65°F, given:
cfm = 1,000
D = 120 operating hours per week
dg = 2,500 degree days
C = $4.24/MMBtu heat in steam
Using the above formula

Annua savings = 0.154 x 1,000 x 120 x 2,500 x ($4.24/106) = $196/yr
2. Saving for reduction in process hesat load (250°F - 65°F)
Annud Saving = 1,000 cfm x 1.08" x (250°F - 65%F) x 6,000 hrslyr x $4.24/MMBh hezt in
seam”

= $5,080/yr
Totd Saving = $196 + $5,080 = $5,276/yr
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Additiond saving in fan horsepower is possible if fan speed is reduced.

" 1.08 = 60 min/hr x 0.075 Ibs/cu ft x 0.24 specific heat of air

" If adirect-fired gas makeup unit is used, the air is heated at nearly 100 percent efficiency. For an indirect unit an
efficiency of 80 percent or $3.75/MMBtu can be used.

Air -Water Mixture

The ar loss is consderably greater when water vapor is included with the exhaudt, as occurs
with washing or drying.

As an example of the heet loss from an exhaust including water vapor, the enthdpy of dry air a
110°F is 26.5 Btu per pound; the enthapy of a saturated mixture of air and water vapor is 87.5 Btu per
pound of dry air.

The extent of this loss emphasizes the importance of using minimum exhaust where heated baths
are involved. A high temperature psychrometric chart can be used to determine enthdpies a other
conditions.

8.3.3. Balance Air Flows

Too often no provison is made to supply sufficient makeup air.  Consequently, it must lesk
through doors, windows, and stray openings, producing undesirable drafts in the vicinity of the leskage.

Barring the ability to make sufficient reduction in exhaust to baance the air supply and demand,
the best practice is to add more makeup air units to supply heated air in amounts equa to that exhausted
and didribute it in the region of the exhaust sysem. While this will contribute little to energy
conservation, it will eiminate the problems associated with negative pressure.

Plant personnel should check al exhaudts to determine if losses can be reduced or eiminated.
Measures than can be taken to reduce exhaust losses are:

Shut off fans when equipment is down.

Reduce volume to a minimum but adequate amount to satisfy ventilation needs.
Reduce temperature.

Recover exhaust.

A wbdpE

Shut off Fans

The most obvious improvement is to shut off any exhaust fans thet are not needed. Exhaust fans
are often left running even if the equipment they are ventilating is down. Some typicd examples are
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gpray booths and ovens or dryers. Fans are typicaly left on during periods of no production, such as
evenings or weekends.

Reduce Volume

The next best improvement is to reduce exhaudt rates to the minimum, but adequate, amount.
Some reduction in exigting rates may be possible because:
1. Exhaust rates may have been established with alarge margin of safety when energy costs were not a
sgnificant factor.
2. The exhaust rate may have been increased a one time to resolve a temporary problem which no
longer exids.
3. Rates may be set to satisfy the most extreme need, which may be far in excess of norma operation.

In the first case, a Smple adjustment of the damper setting to reduce flow may be sufficient. Where
production loads fluctuate, the damper setting can be varied with the load when practica.

§ I mprove Hood Design

Often, one of the most direct and easiest means to reduce the volume of exhaugt ar is
by proper hood design. In many instances, equdly effective ventilation can be provided with
less exhaust by improving the design of the exhaust hoods. The result is lower fan power
consumption and reduced hest loss. In generd, the most effective hood designs are those which
completely surround the emisson source with minimum openings to the surrounding area.
Following are some guidelines for optimum hood design.

Enclosure

The more complete the enclosure, the less exhaugt arr is required. Exhaust
hoods are commonly located at a considerable distance from the surface of atank. As
a consequence, room air is exhausted dong with the fumes. Rates are o increased if
control is upset by cross drafts in the area. The following steps can provide a more
complete enclosure.

1. Extend the hood verticaly on one or more sides. This gpproach can be taken
where access is not necessary on dl sides.

2. Provide a hanging drop cloth or plagtic drips that will alow for access when
necessary without undue interference with operation.

Distance from Source
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If enclosing the source with side pands is not practicd, the hood should be as
close as possible to the source and shaped to control the area of contamingtion. The
required volume varies as the square of the distance from the source.

Hanging

The addition of flanges will diminate ar flow from ineffective zones where no
contaminant exigts. Air requirements can be reduced as much as 25 percent by
incorporating flangesin the hood design.

Capture Ve ocity

The ar flow past the source must be sufficient to capture the contaminant.
However, if no standards are used, proper capture velocity or volume should be
determined to avoid unnecessary exhaugt.

Large Openings

Where exhaust openings are large in Size, the hood can be made more effective
by incorporating multiple teke-offs, dotted openings, baffles, éc. Hoods with this
feature will provide more uniform flow over the areato be ventilated and reduce totd air
requirements.

Outgde Air

The introduction of outsde ar, where possible, at the point of ventilation will
reduce the amount of room air exhausted. Hesting requirements will, therefore, be
reduced.

Reduce Temperature

Process requirements usudly dictate the temperature at which the process must be maintained.
However, a review of conditions may indicate opportunities to reduce temperature in the following
aress.

Current practice maintains temperature above standard to provide awide margin of safety.
The standard was established arbitrarily or without adequate testing.
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The standard was established to handle a worse-case scenario which no longer exists or occurs
rarely (a which time exhaust rate could be increased).

Recover Heat

Heet recovery from the exhaust air should be consdered after first completing the steps to
reduce exhaust loss by any of the above methods.

Precautions
Severd precautions should be considered in the evaluation of a hegt recovery system.

1. Because arr is less dense than water, large volumes of air are required to approach the
equivaent Btu content of waste water. Where heat recovery from both systems cannot be
beneficidly utilized, a heat recovery system for water is generdly preferable to air because
of the formers better payback and lower maintenance. The plantwide potentia for waste
recovery should, therefore, be studied first to ensure the design of any ingalation will be
coordinated with an overdl plan.

2. Any evdudtion of savings mudt reflect the actud hours of use. For example, if ar-to-air
heat recovery from an oven is planned for heeting the building, the recovery system will be
in use only during the heating season. Furthermore, if the oven is not operating continuoudly,
the heat recovery system will be available for this purpose for an even shorter period.

3. Although consderable heat may be lost in exhaust gases, especidly when a number of
sources are involved, the potentia for heet recovery is dependent on the temperature of the
gases. When the temperature range is low (200°F to 400°F), the potentia for economical
recovery is minimized.

4. The exhaust gases may contain some contaminants that will foul hest exchanger surfaces. In
this Situation, the ease of cleaning the exchanger is of prime importance.

8.3.4. Typesof Heat Exchangers

A couple of different design approaches are introduced. As the name indicates, the hest
exchanger is a device where heat from one medium is transferred into another. This way, some of the
energy otherwise logt is used to help achieve desired conditions.
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Rotary Heat Exchanger

Because the matrix in this type of exchanger has fine air passages, the rotor may soon become
blocked if it is ingdled in an argream containing contaminants.  This heat exchanger has the highest
efficiency, recovering 70 to 85 percent of the exhaust energy, including both latent and sensible heet. It
is best suited to a clean airstream since some short circuitries of the exhaugt ar to the supply sde can
occur.

Sealed Heat Pipe Heat Exchanger

The heat pipe operates on the principle that when hest is applied to one end of a sealed tube,
evaporation of afluid in the pipe occurs. The vapor flows to the cold end where it is condensed. The
condensed working fluid is then trangported by capillary action to the warm end where the cycle is
repested. In this exchanger, the fins mounted on the outside of the tube to aid heat trandfer may dso
become blocked with contaminants. Heat exchanger efficiency decreases when deposits build up on
the surface, so keeping the surfaces clean is important. The unit recovers 60 to 80 percent of the
sensible hest.

The use of afiltering system and/or periodic cleaning is often necessary to ensure clean surfaces.
The advantages of the heet pipe are minima maintenance (it contains no moving parts) and no cross-
contamination (the exit and incoming gas streams are completely seded off from each other).

Plate Heat Exchanger

Heat transfer is accomplished by the counterflow of the two streams between the plates. This
type of exchanger is less likely to become blocked with contaminants and is more easily cleaned.
Maintenance is aso minimized because there are no moving parts. Thistypeis sutable for ether air-to-
ar or ar-to-water heat recovery. About 70 percent of the sensible heet is recovered by these units.

The equipment cost for an air-to-air heat exchanger from one manufacturer ranges from $0.60
to $1.60 per cfm depending on the Sze, usage, efficiency, arflow, pattern, efc. An ar-to-water hest
exchanger cogts from $1.30 to $3.10 per cfm, again depending on efficiency, size, usage, €ic.
Ingtdlation costs range from 1 to 2.5 times the cost of the equipment.

If the exhaust gases contain oil mists and other contaminants, some form of filter unit may be

necessary ahead of the hest exchanger. Either a conventiona filter or electrostatic precipitator can be
considered.
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Coil-Run-Around System

The above three types of heat exchangers require the supply and exhaust stream to be brought
together. A coil-run-around unit permits the two streams to be physicaly separated by using an
intermediary fluid, usudly ethylene glycal, to transfer energy between the two streams.  The ethylene
glycol is circulated in a closed loop through heet exchangersin the “hot” and “cold” stream. Cail-run-
around systems recover 60 to 65 percent of the sensible heat between the two streams.

Hot Oil Recovery System

This sysem has the advantages of diminating heat exchanger fouling and reducing pollution
abatement problems. In this system, exhausts are passed through cool, cascading oil, which absorbs
most of the heat aswell as the high boiling chemicals. The hot il passes over exchange coils containing
incoming process water and is then recycled.

Where flanmable solvents are used, lower flammable limit (LFL) monitoring equipment is
necessary. Improved LFL sysems indude sdf-checking equipment and completed control loops that
dlow the use of modulated dampers to provide for minima safe ventilation requirements. The sdf-
checking system diminates much of the periodic need to cdibrate and check the function of safety
circuits. Accordingly, exhaust reduction can be considered for drying ovens containing solvent vapors.
The capital expenditure for an LFL monitor is about $15,000.
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9 WASTE

9.1. WASTE GENERATION

Almost any operation will generate some sort of waste. Even non-indudtria type of a business
will have awagte in terms of paper, cardboard, eic.. If the waste is landfilled, it is rather obvious that
the space available is limited. If the wadte is incinerated, a secondary waste and heat are created.
Waste generators need to concentrate on the waste reduction &t the source. If that is not possible,
recyding is the second choice, and as the last resort, treatment of wagtes that will give reatively
harmless products.

9.1.1. Sourcesof Manufacturing Wastes

In order to be able to deal successfully with any waste issues, an auditor has to know what
usudly conditutes waste and where and how it is generated. Nothing can be as vauable as persona
experience but even an inexperienced person doing the assessment can get a good idea from the
following ligs

Raw Materids
Containers, packing
Off-gpec and expired lots

Spoiled batches

Processes
Cleaning Coating/Painting
Reactions Pating/Anodizing/Chromating
Machining Cading/Molding
Teding Extracting/Refining
Printing Packaging

Process Wastes

Cleaning
Alkdine baths Acidic baths
Solvents Rags
Sludges Oil and Grease
Grit Rinse water

Modern Industrial Assessments 289



WASTEWASTE GENERATION

Panting
Thinner
Overspray
Containers
Paint stripper

Machining
Meta chips
Cuitting coolants
Hydraulic ol
Filters

Printing
Lithographic plates
Slver
Press washes

Paper

Pant dudge
Flters
Unused paint
Masking

Trimming wedte
Teapping all
Tramp ol

Regs

Plate process solutions
Photo process solutions

Rags
Inks

9.1.2. Compendium of Processes Producing Waste

Table9.1: Waste Generated by Different Processes

General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
Chemical *Blending/mixing | * Tank cleanout » Use Teflon lined tanks
processing *Reactiontoform | solutions * Clean lineswith "Pigs" instead of solvents or
(SIC: 28,29) product * Tank cleanout agueous solutions

*Vessel cleaning | solids * Use squeegees to recover clinging product prior to

* Reagent (liquid
and powder) spills
to floor

* Reaction
byproducts

* Air emissions

* Dust from
powdered raw
material

rinsing

» Use Clean In Place (CIP) systems

* Clean equipment immediately after use

* Treat and reuse equipment cleaning solutions
 Use cylindrical tanks with height to diameter ratios
close to one to reduce wetted surface

 Use tanks with a conical bottom outlet section to
reduce waste associated with the interface of two
liquids

* Increase use of automation

« Convert from batch operation to continuous
processing

 Use dry cleaning methods whenever possible

« Use sgqueegees, mops and vacuums for floor
cleaning

 Use pumps and piping to decrease the frequency
of spillage during material transfer

» | nstall dedicated mixing equipment to optimize
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(bending, pulling)

General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
reuse of used rinse and to preclude the need for
inter-run cleaning
» Usein process recycling whenever possible
« Install floating covers on tanks of volatile materials
to reduce evaporation
* Order paint pigmentsin paste form instead of dry
powder to eliminate hazardous dust waste
Food *Mixing/blending | ¢ Equipment  Use dry cleaning methods whenever possible
processing » Cooking/baking | cleaning waste » Use high pressure washing equipment
(SIC: 20) waters * Use squeegees and mops and for floor cleaning
* Floor washing « Use continuous processing to eliminate the need
waste waters for inter-run cleaning
* Solid materias
from mixer cleaning
(e.g. dough)
« Spent cooking oils
Metal * Melting  Air emissions * Recycle nonferrous dust
working » Hazardous slags * Alter raw materialsto reduce air emissions
* Non-hazardous » Use induction furnaces instead of electric arc or
(SIC: 33-39) slags cupolafurnacesto reduce dust and fumes
» Metal dust * Reuse high ferrous metal dust as raw material
« Scrubber sludge » Use high quality scrap (low sulfur) to reduce
hazardous sludge generation
» Use an alternative desulfurizing agent to eliminate
hazardous slag formation
* Alter Product Requirements to eliminate
unnecessary use of desulfurizing agent (calcium
carbide)
* Separate iron from slag and remelt
* Treat disulfurization slag in a deep quench tank
instead of spraying water onto an open pileto
reduce air emissions
* Casting * Spent sand * Recycle casting sand
* Flashing  Use sand for other purposes (e.g. construction fill,
* Reject castings cover for municipal landfills)
 Avoid contamination of flashing and reject
castings and reuse as feed stock
» Recover metals from casting sand
« Extrusion « Scrap end pieces » Avoid contamination of end pieces and reuse as
feed stock
« Coldworking * Scrap metal * Recycle scrap metal to foundry

Modern Industrial Assessments

291



WASTEWASTE GENERATION

*VOC amissions

General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
* Machining » Metal scrap * Segregate metalsfor saleto arecycler
(cutting, lathing, | * Spent hydraulic * Reprocess spent oils onsite for reuse
drilling, tapping) | ails * Install shrouding on machinesto prevent
« Spent lubricating splashing of metal working fluids
ails « Utilize a central coolant system for cleaning and
* Leaked dils reuse of metal working fluid
* Dirty ragsor » Maintain machines with a regular maintenance
towels program to prevent oil leaks
« Implement a machine and coolant sump cleaning
program to minimize coolant contamination
« Grinding » Metal and abrasive | « Separate (flotation, magnetic) and recycle scrap to
dust foundry
» Heat treatment * Air emissions * Improve furnace control
Printing * Image » Scrap film » Use glass marbles to raise fluid levels of chemicals
(lithography, | production * Spent film to the brim to reduce contact with atmospheric
gravure, processing oxygen
flexography, solutions * Recyclefilm for silver recovery
letterpress, » Use electronic imaging and laser plate making
screen) » Use water-based image processing chemicals
(SlCH 27) * Closely monitor chemical additionsto increase
bath life
* Use squeegees to prevent chemical carry-over in
manual processing operations
 Use counter current washing in photo processors
* Recycle processing baths for nickel recovery
» Usesdlver freefilms
» Use "washless" processing equipment
« Plate, cylinder « Spent plate » Use water-based devel opers and finishers
and screen processing » Use an automatic plate processor
making solutions  Use counter-current rinsing to reduce rinse water
volume (gravure)
* Use drag-out reduction methods (gravure)-see
surface coating
Sell used plates to an aluminum recycler
* Make-ready * Scrap paper » Automate ink key setting system

* Reuse scrap printed paper for make-ready
» Useink water ratio sensor

» Computerized registration

» Use automated plate benders
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General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
* Printing * Scrap paper « Install web break detectorsto prevent excessive
*VOC emissions waste paper
» Damaged rubber « Eliminate chemical etching and plating by using
blankets aternative printing technologies (Presensitized
» Waste ink lithographic, plastic or photopolymer, hot metal, or
» Waste printing flexographic)
press oils » Use awaterless plating system
» Useautomatic ink levelers
» Schedule jobs to minimize the need for cleanup
(light colors before dark)
* Use dedicated presses for each color
» Use lesstoxic solvents
* Use soy or water-based inks
» Automate ink mixing
» Cover ink containerswhen not in use
« Clean-up *VOC emissions » Use press cleanup rags as long as possible before
 Leftoverink from | disregarding
fountains * Recycle waste ink and cleanup solvent
* Wasteroller « Use automatic cleaning equi pment
cleaning solution » Remove rollers from the machinesand cleanin a
* Dirty rags closed solvent cleaner
« Paint skin from * Prevent excessive solvent usage during cleaning
open ink containers | (operator training)
» Used plates » Segregate spent solvents (by color) and reusein
subsequent washings
« Improve cleaning efficiency by maintaining
cleaning system (rollers, cleanup blade)
Surface « Painting « Off-specification * Usetight fitting lids on material containersto
coating or outdated paint reduce VOC emission
(SIC: 24, 25, * Empty paint and « Convert to higher efficiency technologies
34-39) solvent containers « Convert to electrostatic powder coating

« Paint sludge

* Spent paint filters
* Booth cleanout
waste (overspray)
« Spent cleaning
solvent

*VOC emissions

« Convert from water curtain spray boothsto adry

system

« Convert to robotic painting

» Uselow VOC or water based paint

* Purchase high volume materialsin returnable bulk
containers

* Train operators for maximum operating efficiency

» Automate paint mixing

» Use compressed air blowout for line cleaning prior
to solvent cleaning

» Shorten paint lines as much as possible to reduce
line cleaning waste

» Schedule production runs to minimize color
changes

* Recycle cleaning solvent and reuse

» Use paint without metal pigments
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General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
« Plating (electro, | ¢ Spent alkaine » Use high purity anodesto increase solution life
electrol ess) cleaning solutions « Lower the concentration of plating baths
* Anodizing « Spent acid baths * Reduce drag-in with better rinsing to increase
« Spent cyanide solution life
cleaning solutions * Use deionized water for make-up and rinse water to
« Spent plating increased solution life
solutions « Extend solution life with filtering or carbonate
« Filter sludge freezing
» Wasterinsewater | ¢ Use cyanide free solutions whenever possible
» Waste water * Replace cadmiumbased solutions with zinc
treatment sludge solutions
« Vent scrubber * Replace hexava ent chromium solutions with
waste trivalent solutions
* Return spent sol utions to the manufacturer
» Use lower concentration plating baths
* Reduce drag-out by racking parts for maximum
drainage
* Reduce drag-out by slowing withdrawal speed and
increasing drain time
* Rack parts for maximum drainage
» Use drain boards between tanks for solution
recovery
* Reduce water use with counter current rinsing
» Use fog nozzles over plating tanks and spray
rinsing instead of immersion rinsing
» Usereactiverinsing
» Mechanically and air agitate rinse tanks for
complete mixing
» Useastill riseastheinitial rinsing stage
* Use automatic flow control
* Recovery metals from rinse water (Evap., lon
exchange, R.O., Electrolysis, Electrodiaysis) and
reuse rinse water
« Use precipitating agents in waste water treatment
that produce the least quantity of waste
* Use separate treatments for each type of solution
and sell sludge to arecycler
« Stripping of « Spent solvents » Use mechanical stripping methods
paint, varnish, *VOC emissions * Use cryogenic stripping
lacquer « Spent caustic * Use non-phenolic strippers to reduce toxicity
solutions associated with phenol and acid additives
* Spent sand and » Maintain clean conditions before painting to avoid
other blasting media | surface contamination resulting in paint defects
* Paint dust
» Metal plating * Spent acid * Recover metals from spent solutions and recycle
removal solution
 Tank sludge
Surface e Chemica * Spent acidic * Reduce solution drag-out from process tanks
preparation/ etching solution * Prevent sol ution drag-out from upstream tanks
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General
indugtrial
category

Unit
operation

Common waste
streams

Pollution prevention and recycle/reuse
measur es

cleaning
(SIC: 24, 25,
34-39)

« Solvent cleaning
(vapor
degreasing,
solvent dip)

 Tank sludge

» Waste rinse water
« Spent solvents

« Solvent recycle
still bottoms
*VOC emission

« Solvent tank
sludge

» Use deionized water in upstream rinse tanks

* Treat and reuse rinse waters

* Recover and reuse spent acid baths

* Usetight-fitting lids on material containers and
solvent cleaning tanksto reduce VOC emissions

« Convert to aqueous cleaning system

» Convert to less toxic hydrocarbon cleaners

* Use peel coatings on raw materialsto eliminate
need for cleaning

» Use water-based cutting fluids during machining to
eliminate need for solvent cleaning

Increase freeboard space and install chillerson
vapor degreasers

* Distill contaminated solvents for reuse

» Remove sludge from tanks on aregular basis

* Slow insertion and withdrawal of parts from vapor
degreasing tank to prevent vapor drag-out

» Maintain water separator and completely dry parts
to avoid water contamination of solvent

« Convert to aqueous cleaning

* Use silhouette entry covers to reduce evaporation
area

* Avoid inserting oversized object to reduce piston
effect

* Allow drainage before withdrawing object

« Eliminate the need for cleaning with improved
handling practices

* Aqueous
cleaning

« Spent cleaning
solutions

» Waste rinse waters
« Oil sludge

 Tank sludge

» Remove sludge from tanks on aregular basis

» Minimize part contamination before washing

« Eliminate the need for cleaning with improved
handling practices

« Extend solution life by minimizing drag-in

» Use dternativesfor acid and alkaline (e.g. water,
steam, abrasive)

* Preinspect parts to prevent drag-in of solvents and
other cleaners

* Install mixers on each cleaning tanks

* Closely monitor solutions and make small additions
to maintains solution strength instead of |athe
infrequent additions

* Implement aregular maintenance program to keep
racks and tanks free of rust, cracks, or corrosion
 Apply aprotective coating to racks and tanks

* Reduce solution drag-out to prevent solution loss
» Use counter current rinsing to reduce waste water
» Usereactive rinsing to extend bath life

* Abrasive
cleaning

 Used buffing
wheels
 Spent compound

» Use water based or greasel ess binders to increase
whed life
» Useliquid spray (water based) adhesive instead of
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General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
bar abrasivesto prevent over use of material and
easier part cleaning
* Carefully control water level in Mass Finishing
Equipment
* Dry and wet rag | ¢ Spent solvent » Wash and reuse rags on-site
cleaning wetted rugs » Use an off-siterag recycling service
« Oil soaked rags » Minimize use of rags through worker training
Paper and * Wood * Wood waste (saw | « Usediffusion pulp wash systemsto maximize
pulp Preparation dust, bark) efficiency
manufacturing | « Pulping * Acidand Alkaline | ¢ Maintain spray water temperature of 60°- 70° F to
(SIC: 26) « Screening waste waters maximize rinse efficiency
« Washing « Toxic waste waters | « Employ aclosed cycle mill processto minimize
* Thickening and sludges waste water production
« Bleaching * Wood fiber waste | * Reuse rich white water in other applications
* Stock * Non-hazardous * Use felt showers to minimize the amount of fresh
preparation waste water water use
« Paper machine treatment sludge * Recycle white water
« Finishing and » Develop segregated sewer systems for low
Converting suspended solids, high suspended solids, strong
wastes, and sanitary sewer
* Improve process control to prevent spills of
material
» Minimize overflows or spills by installing level
controlsin process tanks and storage tanks
« Install redundant key pumps and other equipment
to avoid |losses caused by equipment failure and
routine maintenance
* Provide a storage lagoon before the biological
treatment system to accept long-term shock loads
* Replace the chlorination stage with an oxygen or
ozone stage
* Recycle chlorination stage process water
» Use water from the counter current washing
system in the chlorination stage
» Perform high consistency gas phase chlorination
Textile e Fabricweaving | » Waste thread, yarn | « Market waste material as clean-up rags
processing * Milling and material * Recover dye from waste waters
(SC:. 22 * Sawing  Dye contaminated
* Pressing waste water
* Dying
Waste water  pH adjustment * Treated effluent * Use dlternative flocculants to minimize sludge
treatment « Filtration » Hazardous volume.
(SIC: 20, 22, * Mixing treatment sludge » Usefilter afilter press and drying oven to reduce
26,28,29,31, | «Flocculating * Non-hazardous sludge volume
33-39) « Clarification treatment sludge » Automatically meter treatment chemicals
« Polishing » Minimize contamination of water before treatment
Plastic * Injection * Machineclean-out | » Maintain machineswith aregular maintenance
formation Molding waste (pancakes) program to prevent oil leaks
(SIC: 30) « Scrap plastic parts | * Regrind and reuse scrap plastic parts
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General Unit Common waste | Pollution prevention and recycle/reuse
indugtrial operation streams measur es
category
* Plastic pellet spill * Filter and reuse hydraulic oil
to floor » Use and industrial vacuum for spill cleanup instead
« Spent hydraulic oil | of absorbent
* Qil-soaked
absorbent
 Extrusion « Scrap end pieces » Avoid contamination of end pieces and reuse as
feed stock
« Foaming * Fugitive air * Improved materia handling (mixing and transfer) to
emissions avoid spills
« Stack releases * Implement aregular maintenance program to
« Scrap foam reduce fugitive emissions from leaky valves and
pipefittings
« Composite * Empty resin and » Maximize production runs to reduce cleanings
materias solvent containers * Regenerate cleaning solvent on-site and reuse
* Spent cleaning » Uselesstoxic and volatile solvent substitutes
solvents * Reducetransfer pipe size
» Waste washdown | ¢ Use more efficient spray method for gelcoat
water application
* Cleanup rags » Modify material application methods to prevent
» Waste fabric material spillage
* Gelcoat and resin » Cover solvent and resin container to minimize
overspray evaporative losses
*VOC emissions
* Wasteresins
* Resin and solvent
contaminated floor
sweeping
Gass * Melting  Scrap glass » Avoid contamination of scrap glass and reuse as
processing « Blowing « Contaminated feed stock
(SIC: 32) * Molding granular raw
materias
Leather * Tanning * Scrap leather * Recycle spent tanning solution
processing * Finishing meaterial
(8C: 31 » Waste processing
solution
Fastening/ * Gluing » Used adhesive * Purchase adhesive in bulk containers
joining/ (adhesive) container » Use water-based adhesives
assembly * Mechanica » Adhesive solvent | » Use more efficient adhesive applicators
(SIC: 24, 25, fastening air emissions » Usearag recycle service
27, 34-39) * Welding * Dried adhesive * Reuse rags until completely soiled
* Part testing « Shielding gas » Userags sized for each job
* FHuid filing emissions
* Metal slag
* Gasoline (motor
test)
« Oil and grease
spilled to floor
« Spent clean-up
rags or towels
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9.2. HAZARDOUSWASTES

It is a useful practice to divide waste into two categories, non-hazardous and hazardous. Each
category groups waste according to one very important common denominator that determinesto alarge
degree the way the wadte is treated. Depending which category the waste belongs to, the proper
method of disposal must be selected (sometimes the method is mandated by the law) and adequate
funds made available. In most cases treatment of hazardous waste will be much more expensive than
norn-hazardous one. However, in many instances the process can be adapted to avoid hazardous waste
generation, thus solving the problem at the source. For that reason, it is necessary that an auditor be
familiar with different aternatives to common practices.

1. Non hazardous wastes
Examples cardboard, pallets, cooling water
Dispod: landfill solids, sawer waste water

2. Hazardous wastes

Categories Examples

Corrosve H,SO, D002
Reective NaClO4 D003
Igniteble CoHs FO05
Toxic Cr D007

9.2.1. Typesof Waste Generated

Everyday industry uses products containing hazardous materias:

Rust removers, which contain concentrated acid or akaine solutions
Equipment cleaners, which contain flammable or combugtible liquids
Waste ail, lubricants, and fluids

Spent solvents

Spent caudtic parts washing detergent solution

Parts dleaning tank dudge

Oily waste sump dudge

Spent antifreeze

Usad rags, containing combustible or flammable solvents
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Paints with flammable or combugtible thinners or reducers

9.2.2. Typical Operations Using Materials Which Generate Hazar dous Wastes

Typical processes or operations that generate hazardous wastes are listed below with the type of waste
produced.

1. Oil and grease remova generates:
ignitable wadte,
spent solvents,
combustible solids, and
waste acid/dkaine solutions.
2. Parts and equipment cleaning generates:
ignitable waste,
Spent solvents,
combustible solids, and
wadte acid/dkaine solutions.
3. Rug remova generates.
waste acids, and
waste dkaline.
4. Paint preparation generates:
spent solvents,
ignitable wadtes,
ignitable paint waste, and
paint wastes with heavy metas.
5. Painting generates.
ignitable paint wastes,
Spent solvents,
paint wastes with heavy metds, and
ignitable wastes.
6. Spray booth, soray guns, and brush cleaning generates:
ignitable paint wastes,
heavy metdl paint wastes, and
Spent solvents.
7. Pant remova generates.
ignitable paint wastes,
heavy metdl paint wastes, and
Spent solvents

Remember, if a nonhazardous waste or materid is mixed with a hazardous wadte, the mixture
becomes hazardous. For example, when a sawdust absorbent is used to clean up hazardous spillsin a
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shop, the sawdust then becomes a hazardous waste. In addition, unused hazardous materiads that
become too old to be used aso become hazardous wastes. Good management supervison and
employee training will help reduce waste in these aress.

9.2.3. Hazardous Waste Generator's Responsibilities

Identify and quantify hazardous wastes
Determine Status: CESQG (conditiondly exempt SQG), SQG (small quantity generator), LQG

(large quantity generator)
Comply with reguletions
On-dte Sorage

On-gte treatment

On-site disposa
Transport

Offgte digposal a approved TSDF
Plan for accidents, emergencies
Pollution prevention plan (CA)

Table9.2: Pollution Prevention Regulations
STATUTE Implications Waste Streams Affected
Clean Air Act (1970, Permits VOC emissions (Solvent
amended 1977,1990) evaporative |0ses)
Resource Conservation and | Shipping and disposd records | Waste ink
Recovery Act (1976, Spent solvents
amended 1984) Soiled rags and paper towes
Clean Water Act (1972, Publicly Owned Treatment Wastewater from image

amended 1977, 1987)

Works (POTW) compliance

production, screen making and
screen reclamation

Emergency Planning and
Community Right-to-Know
Act (1986)

Form R reporting

Wadte streams containing
chemicaslisted in Toxic Reease
Inventory (TRI) document
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9.3. WASTE GENERATION AND MANAGEMENT

Management of waste related activities, like any other activities, must be conceptualized before
any action is taken. All the variables have to be known, including projected amount of waste in the
future.  The technologies available have to be evduaed. This represents landfills, pulverization,
incineration, magnetic separation, paper and plastics recovery, composting, gasification, anaerobic
digestion and s0 on. After evauating al options, the overal drategy in waste management has to be
formulated and should be based on the most beneficia technology available. It is advisable, snce the
economic and palitica climate might change, to review the chosen strategy periodicaly and with respect
to dl exiging laws (especiadly new which could have been enacted after a strategy was selected).

9.3.1. Waste Reduction

To be successful, waste reduction programs must be organized. It is not hard to organize waste
reduction, but owners and managers will need to spend alittle bit of time at first to get darted. Keepin
mind the following seven principles of waste reduction.

1. Management must be committed to waste reduction for it to work.

2. Businesses should know the types of hazardous waste they generate, how it is produced, and
how much is produced.

3. Businesses should know how the hazardous wastes are managed and how much present waste

management costs.

“Good housekeeping” reduces spills and other waste.

Store different waste typesin different containers.

Train adl employees in hazardous waste handling and waste reduction methods.

Be aware of the hazardous materias regulations that gpply to the business. Someone should be

assigned to keep track of environmentd regulations.

No o s

9.3.2. Record Keeping

As specified above, a waste generator has to keep a record. That will alow everybody to
track individua substances according to the needs, should they arise. The record of movement of dl
hazardous substances through the plant, from one manufacturing cell to another, or smply as a materid
flow, isavery useful tool. The example given in Table 9.3 isahypotheticd printing operation with many
steps that are typica for such an operation. In the reference section at the end of the chapter thereisa
lot of materid about hazardous waste. It is aways in the company’s interest to dedl with the issue of
hazardous waste according to dl the regulations. The pendties for noncompliance are high, and in
serious cases could even cause shutdown of the operation. In the beginning of this manua it is
emphasized that the indudtrial assessments are not compliance assessments.  However, it is to the
benefit of the company to be informed of the consequences of noncompliance and the auditor’s job to
help in solving problems related to waste and hazardous waste in particular.
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Table9.3: Inventory of Waste Streams
Stream Plant/Process Waste Stream Approximate
Number | Source Components Annual Production
1 Raw materias receiving | Waste paper and cardboard
2 Damaged pdlets
3 Scrap plastic protective
wrapping
4 Inventory control Expired ink
5 Expired photo-processing
reagents
6 Image production Exposad film
7 Silver recovered from
wastewater before release
8 Wastewater containing spent
reagents
9 Screen making Scrap nylon mesh
10 Waste emulsion
11 Wagtewater from emulsion
rinse off
12 Ink handling Evaporated ink thinner
13 Excessink from specid color
mixing
14 Empty ink containers
15 Printing Contaminated or dried ink
16 Scrap paper
17 Solvent-wetted and soiled
paper towels
18 Scrap vinyl
19 Scrap PVC
20 Scrap Polycarbonate
21 Contaminated solvent cleaner
22 Evaporative loss of solvent
cleaner
23 Contaminated acohol cleaner
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24 Evaporative loss of acohol
cleaner

25 Specia coating process | Scrap urethane film

26 Empty urethane containers

27 Plant and equipment Solvent-wetted and soiled

cleanup paper towels

28 Waste mop water from floor
cleaning

29 Product shipping Waste cardboard

30 Screen cleaning Ink remover

31 Emulsion remover

32 "Haze' remover

33 Rinse water

34 Solvent-wetted and soiled
paper towels

35 Damaged screens

36 On and Off-dite Scrap PVC

materids recycling (ground onsite)

37 Reclaimed polycarbonate
sheets

38 Office functions Waste paper and cardboard

9.4. MAIN WASTE STREAMS

The five main waste sreams generated by industry include:
- Solvent wastes
Water-based (agueous) wastes
Paint wastes
Used ails
Miscellaneous wastes

9.4.1. Solvent Wastes

Parts cleaning operations usudly generate spent solvent waste in the form of solvent sink
minerd spirits and immersion cleaner solvent. Other solvents may include other types of degreasers and
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pant thinners. If generators spill these materids or use them for purposes other than parts cleaning,
degreasing or removing pants, they may generate additiona unnecessary waste.  Solvents dso
evaporate easly. The use of solvent sinks for parts washing either on an owned or leased basisis being
accepted as general good practice.  Solvent reuse and waste containment are ided features in this
practice. The economics of the contracted service are also favorable, considering the current on-ste
labor codts for equipment maintenance and off-Site disposal. The addition of drip trays to both solvent
gnks and hot tanks would be beneficid to capture any losses. These are due to spillage as well as
unauthorized uses (i.e. floor cleaning) for the solvent where the solvent is not recovered.

9.4.2. Water-Based (Aqueous) Wastes

Aqueous hazardous wastes refer to water-based detergent wastes and waste sump solids that
are hazardous because they contain caudtics, high levels of metas, and/or oily dirt. These wastes are

typicaly generated by parts washing equipment.

If a business uses a jet spray washer, hot tank, or spray cleaner, it probably generates an
agueous detergent waste, aqueous caustic detergent waste, and/or waste sump solids. The mgority of
the heavy meta residue, oil and grease removed from hot tank operations occurs after the actua hot
tank use. The heavier concentrations of waste resdues are found in the waste sump. Standard practice
currently is to use a high-velocity spray wand to didodge these wastes as necessary. This can be done
by use of a solids collection tray with overflow to the sump or periodic cleanout of the sump by awaste
hauler for disposal at apermitted TSD facility. The bulk of the oil, grease, and heavy metd residues that
are removed in jet Soray parts cleaning operations. This occurs with the initial exposure to the wash
solutions. In certain repair operations where there are a substantial quantity of parts to be processed, a
two stage cleaning operation would provide clean parts in shorter times by using two washing devicesin
series. The first device would remove the heaviest residue, and the second device would provide the
finish deaning. Thefallowing are reduction practices concerning these types of wastes.

Use a jet spray with a detergent only solution instead of a caustic-based solution. Thistrend is
continuing with the change-over to duminum parts in place of ferrous metas which require
caudic solutions. The weste solution from the washer is hazardous if it contains metals or oily
dirt. Consider pre-washing parts to reduce contamination of the washing solution. Or, try using
two hot tanks, one with detergent solution only for duminum parts, and one containing caugtic
detergent solution for al other types of parts.

Place an inexpensive sted tray or pan next to the tank and drain the parts in the tray for a few
minutes after cleaning them. Carefully empty any detergent remaining in the tray back into the
tank.

Designate a set of bays as primarily intended for service requiring hot tank or jet spray parts

cleaning and locate the equipment near these bays. This will help reduce spills and drips within
the shop, reducing floor cleaning waste.
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To extend the life of the cleaning solution and clean parts faster, consder an extra tank which
would contain partially spent solution for rinsng most of the dirt and grime off the parts. Or, use
anonheated tank with partidly spent solution for pre-rinang.

If a hot tank does not have heating dements on the bottom of the tank, the solids can easly be
removed from the solution to extend the life of the cleaning solution. If the cleaning solution has
become wesk, the solution can be tested and more detergent or caustic materia added as
needed. Some equipment leasing services will provide this maintenance service for the tanks the
business owns.

Screening the solids before they reach the sump will reduce future sump cleaning codts.

A leased system can be easier to use Since new detergent compounds, tank maintenance, and
waste management are included in the price of the service. A disadvantage to leasing is that it
can be codtly.

Purchasing equipment is another option for parts cleaning. However, a business must make
certain that its waste storage, transportation, and disposa techniques are safe and legd. Some
equipment leasing services will provide rawv materid supply and waste remova services for
tanks that the business owns.

If a busness owns parts cleaning equipment and trangports the waste off-gte for recycling,
treatment, or disposd, the generator must have a registered hazardous waste hauler remove the
agueous caudtic detergent waste.

If the plant is large and owns a hot tank or jet spray washer equipment, an on-Site aqueous
wadte treatment system may be cheaper than off-ste disposal.

9.4.3. Paint Wastes

One of the most direct means of reducing paint waste is to use low-toxicity paints, i.e. water-
based or non-meta products. Using water based paints helps to reduce the use of organic solvents,
which become hazardous wastes and dso a source of air pollution. Another gpproach the waste
reduction is to use mechanicd paint dripping. Subgtituting with bead blasting or cryogenic coating
processes can help avoid caustics and solvents.

Various gpproaches to improve paint application:
Segregating paint and solvent waste from other trash

Purchasing paints only in quantities needed (to avoid discard)
Reducing overspray
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Controlling paint qudity to avoid defective batches requiring stripping and repainting
Scheduling and sequencing paint operation more efficiently to reduce clean-up frequency

9.4.4. Used Oils

There are severd il loss reduction practices and used oil recycling technologies that may be
ussful for minimizing the digposd of waste ail.  Oil wadtes are generated primarily by the following
indudtrid applications.

Oil and grease removd in vehidle maintenance
Weaste ail from plant equipment maintenance
Cleanup operationsin indudtries

The amount of oil generated in a particular process can be decreased or sometimes diminated
by modifying or completely changing a given process. Water-based coolants and fluids often perform
equdly or better than smilar oil-based fluids. Waste oil concentrated at the source of generation helps
to segregate types of oils and oily water and reduces the risk of contamination with other hazardous
meaterias.

Smple trestment, such as gravity settling, promotes the separation of oil/water wastes to
substantialy reduce the volume of waste oil. Avoid using more of the oil product than is necessary and

adopt practices for usng and re-using materids as much as possble.

As in many cases, adopting better housekeeping practices, which require very little codt, can
have alarge effect on the amount of waste oil produced. Some of these practicesinclude:

* Avoiding contamination of used oils with other liquids, both hazardous and nonhazardous. A
cleaner wagte 0il has more vaue in the marketplace.

»  Preventing spills- Using properly designed storage tanks and documenting the dollar vaue of any
spillage which does occur can lessen the probability of a spill.

» Look for creative uses, awaste oil generated in one process can sometimes be used in another.

» Ingdling collection/drip pans - Placing pans under machinery and lubrication operation will dlow for
the recovery of ailsinstead of their disposa with absorbents or rags.

» Examinetypes of oil wastes periodicdly; new products enter the market congtantly which can offer
savings as well as performance.

» Laundering oil-soaked rags - During laundering, oil can become biodegradable.
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» Using rags and adsorbents to their limit - Adsorbent and rags are often thrown out before their
usfl lifeis over. Using them to capacity reduces the volume of contaminated adsorbents.

9.5. SOURCE REDUCTION AND RECYCLING

The following picture shows graphicdly the hierarchy of waste minimizetion. The way the
problem is attacked is in a sequence from left to right as seen in the picture.

Waste
Minimization
Source ]
Reduction Recycling Treatment
i Landfill
Product Source Use and Reclamation Waste Alr anq !
. Water Emissions (Solid)
Changes Control Reuse (off-site) (Sond
(in plant
processes)
Input Technology Good
Material Changes Operating
Changes Practices

Figure9.1: Hierarchy of Waste Minimization
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Benign Neglect

Waste Vol.

Continuous Improvement

Breakthrough P2

Time

Figure9.2: Barriers

Figure 9.2 shows how pollution prevention efforts relate to the actud volume of waste. It is much more
difficult to handle the Stuation when the waste accumulates or nobody pays attention to the problem for
along time. Timely active responseis essentid.

9.5.1. Strategiesin Waste Reduction

Different drategies bring different results.  The following diagrams emphasize the sequence
which is the easiest to take in the waste minimization efforts. The Smplest step is aso the chegpest to
implement and gives the fastest return on investment.
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Recognized Need
Assessment & Training

Good Housekeeping

Simple Recycling

0-6 Months, Big Return on Investment

Figure9.3:  Waste Reduction - Operation Phase

Modern Industrial Assessments 309



WASTE:SOURCE REDUCTION AND RECYCLING

PHASE TWO -

6 months-2 years, Some Return on Investment

Process Control \

Y \

Equipment Modifications \
+ \
'/

Source Treatment /

Figure 9.4:

Waste Reduction - Equipment Phase

There is a pardld between Totd Qudity Management and Pollution Prevention. Mot of the
time, companies conscientious about qudity are aso taking care of their waste and it can be expressed

even in asmilar philosophy of both programs.

TQM P2

Customer Satisfaction Stakeholder Satisfaction
Continuous Improvement Continuous Reduction
Management by Measurement Monitor Waste
Maximize Productivity Minimize Wadte

Zero Defects Zero Emissons

Table9.4:
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— — o -
- g o
N
/ g A
N\
4 \
/( H Complex Recycling, Refining, Reuse \
/
\
| v |
| I Process Changes
. v |
LL '/
l U) Raw Material and Catalyst Changes /
\ < * /
(i _ /
\ QL Product Reformulations ,
\
~ /
< /
S s
< e
~ - - -
2 years-5 years, Little Return on Investment

Figure9.5:  Waste Reduction - Process Phase
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10INDUSTRIAL WASTE

10.1. PAINTING AND PRINTING

Parts have to be painted for reasons of corrosion protection, differentiation and aesthetics, to
name just afew. Most paints today are solvent based and are applied by liquid spray method. The
paint is mixed with carrier and then sprayed onto a surface with an air pressurized spray gun. Mogt
carriers are organic solvent based. During this process two waste components are generated: waste
solvents and paint dudges. The paint dudge is normaly the larger one of these two. It is generated
when overspray happens and solvent dries. The recovery of this component typicaly happens in the
scrubber sump. The second waste is generated during the cleaning process.

Printing industry faces a $milar problem. Unused inks or paper with ink residues and then
solvents used to clean the presses and other equipment. In both cases VOC is dso present.
Alternatives discussed in the following chapters can be of dsgnificant help in reducing dl hazardous
pollutants.

10.1.1. Paint Wastesin Metalworking Industries

1. Some practica consderations

Painting is a necessary operation for corrosion protection. It is usudly the largest source of
wagte in the plant. Mogt of the plant managers were sold on at least one of these “sacred
COWS':

-Do not try to change the way painters do things.

-Paint wagte is an inevitable part of the product cost.

-If itan't broke, why try to fix it?
What must be done before you can successfully reduce painting wastes?

- Focus management’ s attention onto the true costs of paint wastes.

2. Common problems to get management’ s attention:
VOC emissions,
- purchase price of solvent;
- closeto parmit limits?
- could the limits be increased?
- how much additiona production could be taken on before exceeding limits?

Specia wastes:

Modern Industrial Assessments 313



INDUSTRIAL WASTE

- paint booth strapping
- boath filters and lining materiad
- water-curtain skimming

Wastewater:
- If operating atreatment plant, is"goop” from booth curtain causing problems?

- If discharging to a publicly owned trestment works (POTW), are you paying surcharges
for bod, cod, or metals?

Cost accounting:
- Few companies have ever redly put together the full story on paint waste costs

3. What happens when management recongders painting?

Company A:
- figured true cost of "low-cogt” product line

Company B:
- collect powder-paint from cleanouts for use on items needing protection, but not

appearance-sengtive

Company C:
- collect paint leftovers and use it on hidden structural parts

Company D:
- works with paint supplier to recycle paint
- actively markets usng recycled paint

Company E:
- rebuilt paint room to handle color changes
- replaced solvent pre-deaning with aqueous
- revised spray system for low-voc paints
- ingaled thinner recovery system
- found away to re-use solvent ill bottoms

10.1.2. Reduction in Paint Waste

Over the past decade people have learned that either burying or burning hazardous waste is a
problem. In recent years, Congress and the EPA have emphasized effective treatment of hazardous
wadte prior to its land digposd. Treatment done, however, will not remedy dl hazardous waste
problems. The reduction of waste generation, recovery and reuse is essential. As aresult, the need for
treatment, storage and disposal of waste will be reduced as well.
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Virtudly every painting process involves hazardous materias or produces hazardous waste.
Wadte reduction, though not inexpensive, will conserve our nation's resources and protect public health
and the environment. At the sametime it will probably save businesss money in along run.

Over the past two decades, an increased awareness has developed of harmful effects to human
hedth and the environment from uncontrolled releases of hazardous substances and wastes as
pollutants. Everybody has to pay attention to preventing hazardous wastes problems by cutting down
on generating the wadte at its source. Preventing the generation of hazardous wadte is inherently
preferable to controlling it after it is generated. The following quotation reflects the nationa policy
formulated by the US Congress.

“The Congress hereby declares it to be the nationa policy of the United States that,
wherever feagble, the generation of hazardous waste is to be reduced or diminated as
expeditioudy as possible. Waste nevertheless generated should be treated, stored, or
disposed of so as to minimize the present and future threat to human hedth and the
environment.”

Paint Application

Most paint application wastes are caused by ether paint overspray, or the paint not reaching the target.
The amount of overspray results from the design and operation of the syssem used. The efficiency of
some of the sysemsused islisted in Table 10.1.

PAINTING METHOD TRANSFER EFFICIENCY
[%]
Conventiond air atomized spray 30-60
Conventiona pressure atomized spray 65-70
Electrogtatic air atomized spray 65-85
Electrogtatic centrifuga atomized spray 85-95
Powder coating 90-99
Roller/How coating 90-98

Table10.1: Transfer Efficiency in Painting

Some genera recommendations follow:

- Use equipment with low overspray. Implementation of better employee operating practices are
essentia in cases when the spray systems are operated manually. Proper training of operators
and al personnd who work with the painting machinery promotes waste reduction. The good
condition of an gpplication equipment reduces waste and produces better finish as wdll.
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Therefore, preventive maintenance is extremely important. All parts should be periodicaly, or
as necessary, cleaned. Also lubricate in places recommended by the equipment manufacturer.
To avoid overspray keep ar pressure as low as possble and pogtion the spray gun
perpendicular to the surface.

Paint Sripping

Paint stripping comes into a picture when a bad finish has been produced, the coating has to be
removed and the process of painting repeated. Many paint stripping wastes are generated because of a
failure of the system. Some waste reduction methods are listed bellow:

- Ingpect parts. The surfaces must be clean and dry with no rust.

Avoid overspray by using proper painting technique.

The maintenance of the equipment is essential.

Use non-phenoalic strippers to reduce toxicity associated with phenol and acid additives.

Locate solvent soak tanks away from paint curing ovens to reduce the adverse effect of solvent

on a painted surface.

Use mechanica (cryogenic) paint stripping with plastic bead blasting to handle parts made of

soft metal. Such items are ingppropriate for sand blasting or glass bead blagting.

Solventsand Thinners

It is very desrable to reduce solvent emissions produced by evaporation from process
equipment and coated parts. At the same time the subject of solvent recovery is of utmost importance.
The following measures can reduce ether:

Keep solvent tanks from heat sources.
Use high solids content formulations.
Use powder coating techniques.

Use water based paints.

Reuse cleaning solutions and solvents.
Try to minimize variety of solventsin use.
Sequence batches from light to dark.

Waste Reduction Technologies In Painting

High Transfer Efficiency Paint Application

Problem: overspray
Solution: HVLP pant guns
Bendfit: reduced paint consumption (CA. 25%)
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Disadvantages: cos, gpplicahility, operator, training

Gun Cleaning
Problem: solvent ar emisson from gun cleaning
Solution: enclosed paint gun cleaners
Bendfit: reduced solvent consumption

Disadvantage: Sart-up cost

VOC Emissons
Problem: VOC emissons from high-solvent paints
Solution: water-borne and high-solids paints
Benefits reduced emissions, solvent wastes

Disadvantages. availahility, corrosion, drying

Spent Clean-Up Solvents
Problem: management of hazardous waste
Solution: recycle with solvent recovery unit
Benefits reduced expenditure

Disadvantages.  waste segregation, energy, labor, nitrocelulose explosion hazard

10.1.3. Minimization of Waste in Printing Operations

Image Processing

The primary waste streams are wastewater containing photoprocessing chemicas and slver
dissolved from film development. Most chemicas are biodegradable and discharged into the sewer
lines. Permits are required and biochemica oxygen demand (BOD) is monitored. Silver should be
recovered and mercury specialy handled if present.

Pate or Cylinder Processing

Photographic processes are used in dl of the mgor printing operations for image converson
and plate making. Photographic wastes therefore comprise a large portion of the hazardous waste
generated in these industries.  Photographic processing solutions, developers, hardeners, plating
chemicdls, fountain solutions, or fixing baths that are sent to publicly owned treatment works ( "POTW)
for disposd, however, are exempt from new RCRA requirements. Silver containing solutions that pass
through dectrolytic chemical replacement, or ion exchange Slver recovery units located on the premises
are exempt in a gmilar fashion. However, if the wastes are sent off Site for recycling, they must be
accompanied by the Manifest.

Printing Process
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In the printing operations the wagte is mogtly the printing ink. The solid wastes include waste
paper from printing imperfections, web breaks and tears, paper at the end of the web, overruns, paper
wrappers, cardboard cores and miscellaneous solid wastes. In addition there are used ink containers,
used plates, damaged or worn rubber blankets, waste press oils used for lubrication, cleanup solvents
and rags.

Material Handling and Storage Options

Good practices can reduce or even diminate waste resulting from obsolescence and improper
storage.

The proper storage conditions will guarantee stated shelf life of many chemicals.
Reusing rinsawater as long as possible.

Use marblesin samdl scae photo developersto bring up the liquid levdl.

Keep the storage area clean to prevent contamination.

“Hra-in-firg-out” prevents missing expiration dates.

Raw materia should be ordered in just-in-time fashion as much as possible.

Solid Waste

A portion of the solid waste generated by the printing industry is non-hazardous. These wastes
should be managed using reduction techniques and source reduction.

Used lithographic plates should be sold for duminum recycling.
Recycle empty containers.

Recycle spoiled photographic film and paper.
Install web bresk detectors.
Monitor press performance.

Wastewater Options

The toxicity of wastewater from plating operations can be reduced by dragout reduction.
Examples of different options follow.

Position the part on the rack to drain more easly.
Use drain boards to collect dragout and return it to the plating tank.
Raise temperature to reduce surface tenson of the solution.

Other waste reduction options include:

Materid subgtitution where possible.
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Wastewater reduction by counter-current washing, using squeegees to wipe off excess liquid and
extending the bath life.

Silver recovery and spent chemicals reuse.

Remova of heavy metds.

Cleanup Solventsand Waste Inks

Ink recovery machines are curently on the market and come in variety of Szes. Another
possibility might be to send the waste ink back to the manufacturer for black ink production. Solvents
can be recovered by smple batch didtillation if quantities justify the purchase of the egupment,
otherwise could be recycled with professond recyclers.

Segregate spent solvent and inks according to the color.

Use aslittle solvent as possible.

Schedule jobs using light colorsfirdt, possibly reducing the necessity for cleaning.
Save unused ink for the future

Try to prolong life press wipes by using the dirty ones for the first passes.

§ Case Sudy of Screen Printing Plant

Process Description

This plant uses screen printing to produce, in severa varieties and color schemes, fleet
(transportation truck) decds, beverage dispensing machine colored pandls and toothbrush backings.
Raw materids include plastic sheets, rolls and spools of plagtic stock, inks, adhesives, urethane and
various other chemicas and solvents related to image production and printing operations.

The printing process begins with the plant receiving a mylar sheet with a positive image, paper
copy, or acompuiter file from clients. Some artwork is done in-house. Images received on a computer
disk, and other images developed onSte, are processed in a computerized system to yield a mylar
positive. The image sheets are then transported to the screen-making department.

Printing screens range from 2 inches by 4 inches to 4 feet by 10 feet in overdl dimenson. To
produce a new screen, mesh materia is unrolled, cut to size then stretched and mounted on rectangular
aduminum frames

Screen images are produced in several steps.  Fird, large screens are coated with a photo-
sendtive emulson in an automated system.  Emulsion is gpplied to smdler screens manudly. Coated
screens are then covered with mylar sheets containing positive images and are placed on a "burn tabl€"
which exposes screens to ultraviolet light for a specified period of ime. That hardens the emulsion
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through transparent areas exposed to light. After exposure, screens are removed from the "burn table”
and the uncured emulsion is washed away with awarm water high- pressure spray .

A prepared screen is mounted horizontally on a press, and ink is troweled into an above-screen
reservoir. Ink used in printing is received in 3 to 5 gdlon containers from which it is used directly or is
blended to customer specified colors in an ink-mixing area. During printing, amechanicad "wipe' moves
across the screen and forces ink through porous areas onto substrate sheets.  Subsequent use of other
screen images in a st produces a multi-colored image on the sheets.  After printing, the subgtrate is
placed on a conveyor for transport through an ink-curing oven. After curing, some of the printed
ubstrates are coated with an adhesive or a thin urethane film followed by heet-curing. Finished
materials are inspected, packaged and shipped to customers.

At the end of a printing run, screens are cleaned for reuse. Initidly, excessink isremoved from
screens with a putty knife.  Next, they are hand-wiped with solvent-wetted paper towes while ill
positioned on the press. After surface ink removal, screens are removed from presses and are
trangported to a screen washing room.  In this room, screens are positioned upright over a trough and
ink-remover, and occasondly a "ghost" image remover is brushed into screen materid, followed by a
high pressure heated water rinse. In cases where it is not required to save a screen image, an emulsion
remover is used to remove hardened emulsion. Clean screens are dlowed to air dry and are returned to
storage for future use.

Inventory of Waste Producing Operations.
1. Raw maerid receving

2. Inventory control (expired raw materials)
3. Image production

4. Screen making

5. Ink handling
6
7
8
9

. Printing

. Specid coating processes

. Plant and equipment cleanup

. Product shipping
10. Screen cleaning
11. On and Off-gte materids recycling
12. Office functions

AR Example
1. Products produced in plant:

Screen printed plagtics sheets and film
2. Selected waste producing process.

Ink cleanup utilizing liquid solvents thet are currently removed from paper towels with use of a
wringer, collected in 55 gallon drums, and shipped off-Site as a hazardous waste.

320 Modern Industrial Assessments



INDUSTRIAL WASTE: PAINTING AND PRINTING

. Waste streams generated:

- Contaminated liquid solvents (alcohol and solvent cleaners)
- Solvent evaporation during handling

- Soiled paper towds

. Waste stream(s) selected for reduction:
- Wadte liquid solvents (alcohol and solvent cleaners).

. AR identification, evaluation, and sdection:

- Extend printing runs to minimize dean-up operations (insufficient information).

- Eliminate use of solvents by using awater-based ink (technicd feasbility questions).

- Ingdl a didillation unit for recovery and reuse of solvent and acohol (sdected for
recommendation).

. Outline of AR andyss

Reduction in Waste Amounts:

- (Amount of solvent shipped off-sitelyr)(% of solvent recoverable through didtillation) = Solvent
waste reduction/yr.

- (Amount of acohol shipped off-stelyr)(% of acohol recoverable through didtillation) = Alcohol
waste reduction/yr.

Cod savings associated with waste reduction:

- (Solvent waste reduction/yr)(Purchase cost/lb for solvent) = Solvent raw materid cost
savingsyr

- (Alcohol waste reduction/yr) (Purchase cost/lb for acohol) = Alcohol rav materid cost
savingsyr

- (% of totd hazardous waste (HW) adm. time spent on solvent and a cohol)(Cost of HW adm.
timefyr)(% of solvent and acohol recoverable through didtillation) = Adminigtrative cost savings
associated with solvent and acohol/yr

- (% of tota HW labor costs associated with solvent and alcohol)(Total HW labor costsyr)(% of
solvent and adcohal recoverable through didtillation) = Labor cost savings associated with
solvent and acohol/yr.

- (% of solvent recoverable through didtillation)(Amount of solvent shipped off-stelyr)(Cost of
solvent HW shipment) = Off Site remova cost savings for solvent/yr.

- (% of dcohal recoverable through ditillation)(Amount of acohol shipped off-stelyr)(Cost of
acohol HW shipment) = Off-gte remova cost savings for acohol/yr.

. Sources of needed data:

- Amount of solvent shipped off-sitelyr (from purchasing records)
- % of solvent recoverable through didtillation (estimated by assessment team).
- Amount of acohol shipped off-gtelyr (from purchasing records)
- % of dcohol recoverable through ditillation (estimated by assessment team).
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- Purchase cogt/Ib for solvent (from purchasing records)

- Purchase cogt/lb for alcohol (from purchasing records)

- % of totd HW adminigration time spent on solvent and acohol (estimated by plant
manager)

- Cod of HW adminigtration timefyr (estimated by plant manager)

- % of totd HW labor costs associated with solvent and acohol (estimated by plant
manager)

- Totd HW labor costs/yr (estimated by plant manager

- Amount of solvent shipped off-steyr (from shipping manifests)

- Cost of solvert HW shipments (from shipping manifests)

- Amount of acohol shipped off-stelyr (from shipping manifests)

- Cod of dcohol HW shipments (from shipping manifests)

8. Cdculdions
Reduction in waste amounts:
- (78,936 Ibs/yr)(90%) = 71,042 |bs/yr reduction
- (42,504 Ibslyr)(90%) = 38,253 |bs/yr reduction

Cost savings associated with waste reduction:
- (71,042 Ibglyr)($0.55/Ib) = $39,073/yr savings
- (38,253 Ibglyr) ($0.35/1b) = $13,388/yr savings

10.2. METALWORKING

In order to provide friction reduction and cooling of the machined part as well as the tool bid,
coolant fluids are introduced into a point of gpplication. The fluid aso helps to remove metd particles
(chips). The fluids can be categorized into: straight oil based, synthetic or semisynthetic and soluble ail.
Today the most common are soluble oil coolants. Water is the mgor ingredient of these oils. The
attempt should be made to reduce the volume of metdworking fluids. The way to do that is to
introduce reconditioning and recycling of the fluids.

10.2.1. Sources and Nature of Coolant Waste

1. Outdated or contaminated raw materials (coolant concentrate, additives)
Rare occurrences

2. Spillsand "splatter loss"
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Use of paper towes or rags to wipe-down machine surfaces, may be digposable with landfill
waste.

Use of absorbents on floor to collect liquid coolant; may be digposable with landfill waste.

Mop water from floor cleanup; may be added to liquid coolant waste shipped off sSite or
discharged into a sewer (if dlowable).

3. Dragout on workpieces and meta shavings

4. Evaporation of volatile substances (e.g., water) a dl arr interfaces
Periodic need to add make-up reagents (e.g., water).

5. Degradation of use characteristics
Physicd contamination with tramp oil, dust and debris.

Bacterid contamination: offensve odor (rancidity) discourages continued use.
Incorrect off-specification formulation.

10.2.2. Measuresfor Reducing Metalworking Coolant Waste

1. All waste streams
- Redesign products to eiminate some or al machining steps
- Utilize"dry" metdworking (eg. grinding) where feasible

2. Outdated raw materids
- Improve inventory control
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Spillsand "ol atter loss'

Soills
- Improve maerids handling methods

Folatter loss

- Ingtdl splash-guards on equipment

- Repogtion coolant nozzles to minimize slatter loss
- Reduce coolant flow rate onto workpiece

Dragout on workpieces and on meta shavings

- Dran and recycle coolant collected in shaving containers
- Centrifuge shavings and recover coolant for reuse
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Figure10.2: Metalworking Coolant Material Flows

5. Eveporative losses

- Cover coolant sump tanks
- Minimize coolant heating (Add insulation, actively cool)

6. Degradation of coolant characteristics
Extend coolant life by:
a) Optiona formulation and reformulation

- Maintain waer qudlity: testing and trestment
- Maintain proper concentrations of active ingredients: periodic testing
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b) Prevent contamination
- Cover coolant sump tanks
- Degrease metds before machining (may generate new waste streams)
¢) Remove contaminants (Self-contained systems available)
- Qil: absorbents, skimmers, coaescers, aeration, porous media separators, centrifugation
- Paticipants and meta fines filtration, settling, codesces, cyclones, centrifugation, magnetic
separators
- Bacteria pagteurization, add bactericides, timely remova of meta chips and fines, agitate
coolant in sumps

7. Digposd of waste coolant

Reduce volume of waste water-based coolant shipped off Site

a) Treat chemicdly to dlow discharge into a sewer

b) Physca pretrestment to allow water discharge into asewer: ultrafiltration
c) Useevaporator to reduce waste stream volume

10.3. CLEANING AND DEGREASING

The way to clean surfaces of grease, ails, and other organic substances is to employ an organic
solvent. During the process of cleaning substantia volume of pollutantsis generated. The pollutants can
be classified into two categories. The liquid waste solvent and degreasing agents which serve as carriers
for unwanted organic matter, and emissions to the air containing volatile cleaners. The indudiry uses
cold cleaning, vapor degreasing, and precison cleaning. Cold cleaning means smple dipping of a part
into a solution of a solvent or applying it onto a part with a brush or cloth. Vapor degreasing uses
dedicated equipment where the solvent is heated to a point of boiling, producing solvent saturated
vapor. The part is being inserted into the area, vapor condensates on the surfaces of the part, and drips
down back into the liquid bath taking the grease withit. Precison cdeaning is used for ingruments or
electronics. The solvents have to be pure and evaporate very rapidly.

10.3.1. Solvents

A main focus of this chapter is on solvent wastes primarily because solvents are widely used in
industry and because of ther effect on human health and the environment. Solvents used in industry are
essentially organic compounds such as diphatic or aromatic hydrocarbons, esters, ethers, ketones,
acohol, amines, hdogenated hydrocarbons. Not only are many of these solvents toxic to living
organisms, but the very same properties that make them useful are responsible for their potentia threat
to the environment and human hedlth. In particular, their high voldility resultsin air emissons which can
cause ar pollution and flammability problems a digposal stes. The hazardous condtituents of solvents
perss in the environment. Findly, land disposa of solvent wastes is a problem because of the solvents
ability to dissolve or penetrate polymeric liners and to dewater clay liners.
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A hierarchy for solvent waste reduction would include:

1. Source Reduction - focuses on in-plant changes that can be made to either reduce or eiminate
the generation of the solvent waste. This dternative is the most preferable water management
option, and should be explored firgt.

2. Recyding - refer to the reuse of a wastestream substance as an ingredient or feedstock in a
production process, or reclamation of a waste materid, involving recovery of reusable
condtituent fractions.  Recycling is less preferable than source reduction, and should be
explored second

3. Treatment - refer to dedtruction of wastes through the use of technologies such as
biodegradation, fixation, and incineration. Treatment is the least preferable option of the three
components of waste reduction, and should be explored after source reduction and recycling
aternatives are addressed.

Source reduction, recycling, and trestment practices al serve to ether reduce the volume or the toxicity
of wagtes that are generated and ultimately lad disposed. Technically and economicaly feasible source
reduction, recycling, and trestment methods for solvent wastes exi<.

For solvent waste reduction there are three basic source reduction objectives.
1. Himinate solvent use.

Reduce solvent use or loss.
3. Increase solvent recyclability.

N

Regulatory Trends in Solvent Waste Management

The 1984 amendments to RCRA impose a national ban on the land disposa of halogenated and
non-halogenated solvent waste (RCRA waste nos. FO01-F005). The land-ban redtrictions were
effective in November, 1986 (RCRA Sec. 3004(e)). A nation-wide variance for SQGs ended on
November 8, 1988, and these new land-ban restrictions impacted solvent waste management practices.
In the opening clauses of RCRA, Congress declared that “certain classes of land disposal facilities are
not capable of assuring long-term containment of certain hazardous wagtes ... and land disposd,
paticulaly landfill and surface impoundment, should be the least favored methods for managing
hazardous wastes’ (RCRA Sec. 1002(a)(7)). Congress further stated that “dternatives to existing
methods of land disposal must be developed ...” (RCRA Sec. 1002(8)(8)).

Intensive Solvent Use Industries

Solvents are commonly used in dry cleaning, cold cleaning, solvent extraction, and vapor
degreasing. They are dso essentid to the production of coatings, stains, wood-treatment chemicals,
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printing inks, pesticides, and agriculturd chemicas. Solvents are used as inert reection media in
chemica and pharmaceutica formulation.

Solvents are incorporated into a manufactured product for severd gpplications, such as printing
ink. The volaility of solvents imparts fast-drying properties in the ink. In other applications, such as
vapor degreasing of metd parts, the use of solvent is confined to the cleaning process. Then, the solvent
becomes “spent” asit picks up oil and grease from the metd parts.

Most gpplications result in generation of a solvent waste and, therefore, most user indudiries are
adso generators of solvent waste.  Solvent wastes include off-gpecification batches of products
containing solvents and contaminated or spent solvents from process applications.  One method
asses0rs may use to identify solvent-user indudtries is to identify solvent waste generators and assume
thet high-volume solvent waste generators are high-volume users.  Assessors should examine a
business s waste manifests to determine if the business is a solvent waste generator.  Some industries
that employ solvent-use intensive operations include:

Solvent Reclamation - SIC 7399

Coatings Manufacturer - SIC 2851

Cyclic Compounds and Intermediates - SIC 2865
Indugtrid Organic Chemicds Manufacturing - SIC 2869
Pegticides and Agricultural Chemicals Formulation - SIC 2879
Inks Manufacturing - SIC 2893

Chemical Preparations- SIC 2899

Petroleum Refining - SIC 2910

Semiconductors Manufacturing - SIC 3674

Electronic components Manufacturing - SIC 3679
Motor Vehicles Manufacturing - SIC 3711

Aircraft Manufacturing - SIC 3721

Nationa Security - SIC 9711

Dry Cleaning - SIC 7215, 7216, 3582

Vehicle Maintenance - SIC 5511, 7538
Pharmaceuticals Manufacturing - SIC 2834

Metd Furniture Manufacturing -SIC 2514, 2522
Photographic Processing - SIC 7395, 7333, 7819

Intensive Solvent Use Operations

Compared to the number of industries that use solvents and generate solvent waste, the number
of specific types of operations in which solvents are used is rdaively smdl. For example, one intensive
solvent use operation, parts cleaning, is performed in dectronic components manufacturing, vehicle
manufacturing, aircraft manufacturing, meta finishing industries, and in equipment maintenance shops of
amog any indudrid facility. Smilarly, equipment cleaning is performed in paint manufacturing, pesticide
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formulation, semiconductors manufacturing, and other manufacturing processes. The following isalig
of these common solvent-use operations.

Parts Cleaning

Equipment Cleaning

Surface Coating Application
Reaction Medium

Entrainer Azeotropic Didlillation
Extraction Medium

Solvent Wastes
Solvent wastes are generated primarily by the following industrid gpplications.

Paint and coating plants that use solvents to clean equipment
Meta working and machine plating shops that use solvents during degreasing
Cleaning of surfacesin the ectrical, eectronics, and printing industries

Solvent Recycling Technologies

The main solvent and reduction techniquesinclude:

1. Didillation - separation techniques which rely on the boiling point differences of the components

of aliquid waste.

Solids Removd - dimination of suspended particles to reduce fouling.

3. Emulson or Disperson Bresking - the separation of solvent or oil dropletsin water, or of water
dropletsin ail.

4. Disolved and Emulsfied Organics Recovery - organics separation techniques which
concentrate the organics so they can be recovered.

N

Each of these operations may be performed on their own or in sequence. The recyclable product may
be the solvent or the isolated contaminants, or both.

On-Site Recyding Equipment

Due to recent developments, smal solvent recycling units are now commercidly available for
businesses generating low volumes of waste solvents.  The smple heating and condensing systems
remove impurities from the solving waste stream, returning the solvent or the solvent blend to the
process that generated it.

§ Example 1
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B/R Ingrument Corporation’'s solvent recovery sysem was used by a
laboratory a Toronto Genera Hospital. The didtillation unit cleaned xylene and
chloroform to 100% purity and isopropyl alcohol to 99.7%. The lab recovered
$180 per week of solvents which could otherwise have required cosily off-ste

disposdl.

Some companies have been able to scde down ther equipment consderably since the
equipment was first marketed.

§ Example 2
The Brighton Corporation introduced its first solvent recovery system over 20
years ago. They now manufacture units with capacities as smdl as 71/2
gallons of solvent treated per hour.

§ Example 3
The Finish Engineering Company manufactures solvent recovery equipment in a
varigy of 9zes. The smdlest of these units reclams solvents having a boiling
point of 160 degrees C or less. The wagte solvent is reclaimed in 15 gdlon
batches, although clean solvent can be drawn off during operation. Recovery
levels range from 80 to 95%, depending on the amount and type of
contamination.

Solvent Loss Reduction Options

Solvents are most frequently used in:

1. The soak tank
2. Thevapor degresser

The vapor degreaser, because it produces a lot of air pollutants, has been studied in much
greater detail with respect to pollution control. However, the main methods for reducing waste are the
same for both the degreaser and the soak tank. The two most important goas are to reduce solvent
vapor loss and to maintain solvent quaity. The following methods were considered the most successful
in achieving these objectives.

Implement better operating practices to reduce wastes. Good housekeeping procedures can
sgnificantly affect the amount of solvent waste produced. These include:

1. Separators should be cleaned and checked frequently to avoid cross-contamination of solvents

or water which can lead to acid formation. Also, parts should not be dlowed to enter the
degreaser while wet.
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2. Promptly removing sudge collected at the bottom of the tank increases cleaning efficency by
not alowing contaminants to adsorb solvent and dissolve into the solution.  As solvents are
used, ther ability to neutralize acids lessens. While the common practice is to add new solvent
to the aged solvent, a more efficient method is to andyze the solvent and add specific
components.  The expense of analysis will be offset by the savings in solvent for tanks of
gpproximately 500 galons or more.

Based on better operation practices, other waste reduction techniques include:

Standardizing the solvent used to dlow for recyding.

Consolidating cold cleaning operations into a centralized vapor degreasing operation.
Locating cold cleaning tanks away from heat sources.

Controlling the amount of heat supplied to vapor degreasers.

Avoiding spraying parts above the vapor zone or cooling jackets.

Avoiding solvent vapor drag-out.

3. Ingdl lids/slhouettes on tanks - al tanks should be covered when not in use. Covers that can
be used even during the cleaning process (known as “silhouette entries’) are available for an
even greater reduction in vapor loss. All covers should be designed to dide horizontaly over
the top of the tank, since this disturbs the vapor zone less than hinged covers.

4. Increase the freeboard space on tanks - an increased freeboard has been proven to decrease
emisson. Early degreasers had a freeboard equal to one-hdf the tank width. When the US
EPA in the mid-1970s recommended a 75% free board, emissions were decreased up to 46%.
Increasing the freeboard to 100% can provide an additiond 39% reduction where air
turbulence is present.

5. Ingdl freeboard chillers in addition to cooling jackets - a second set of refrigerated coils is
ingtaled above the condenser coils. These cails chill the air above the vapor zone and create a
second barrier to vapor loss. Reductions in solvent use of up to 60% have been redized.
However, water contamination of the solvent can occur due to frost buildup on the coils, so
gpecid water collection equipment is aso necessary.

Reduction of solvent wastes can be accomplished through a wide variety of existing techniques
and practices in applications involving parts cleaning, process equipment cleaning, coating applications,
arr emission control, and other operations. Source reduction measures should be addressed before
recycling options are consdered. Treatment of resduds, dthough ultimately necessary, should be
addressed ladt, after source reduction and recycling options are fully explored. Source reduction
techniques are extremely processor applicationspecific. While very effective, some source reduction
techniques should be applied with caution because of cost implications. Good operationa control of
human factors in production is of paramount importance to discrete or batch operations. Improvement
of operating practices is such areas as employee training, closer supervison, and employee motivation
can accomplish alot with aminimum cogt.

Solvent and waste recycling options include on-gte or off-ste reclamation, primarily through
digtillation and burning with energy recovery. Recycling technologies mostly rely on conventiond proven
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techniques. Trestment adterndives rely mainly on thermd, chemicd, or biologica oxidation of solvent
wastes. Techniques are available to deal with a wide range of wagte types and concentrations. The

current regulatory climate provides incentives for reducing solvent wastes.

Hal ogenated Solvents
PROS:
Sability
Ease of Drying
Effectivenessin removing ails
CONS:
- Redtrictions on use/current phase-out
Stratospheric ozone depletion
Globd warming potentia
Ground smog formation
Hazardous solvent wastes
Worker safety & hedth:
- Chronic and acute effects
- Carcinogenic
- Teratogenic
Chlorinated Boailing Points Evaporation
Vapor Degreasing
Solvent
°F °C Rate @ 25 °C
1,1,1 Trichloroethane 166-169 74-76 6.00
Trichloroethylene 189 87 6.39
Perchloroethylene 250 121 2.59
Methylene Chloride 104 40 14.5
Freon (CFC-113) 117-118 47-48 21.00

+ Relative to n-butyl acetate, which has been assgned avaue of 1

Table10.2: Boailing Points and Relative Evapor ation Rates for Solvents
OSHA Limits ACGIHx**
Solvent TimeWeighted Short-Time Threshold Limit
Average Exposure Limit Value
1,1,1 Trichloroethane 350 ppm 450 ppm 350 ppm
Trichloroethylene 50 ppm 200 ppm 50 ppm
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| Perchloroethylene | 25 ppm | 170 ppm | 50 ppm

« ppm = parts per million
++ ACGIH is American Conference of Governmentd Industrial Hygienists

Table10.3: Threshold Value Limitsfor Selected Halogenated Solvents
10.3.2. Other Cleaning M ethods

Replacement Solutions and Substitutes

Cleaner Subdtitution Considerations
Establish Cleaning Standard
- Minimize tegting
- Sdection viz. deaning efficacy tests
Hedth
Wadte Treatment
Corrosion
Economy
Water Quality
- Good qudity and low hardness means longer service life for cleaner
- Rinse water-deionized water or softened water can be considered

Cleaning Method Evauation

When choosing a cleaning method, the following has to be considered:
Process to be performed
Presence of metas
Soils to be removed
Processtime cycle
Work load
Frequency of equipment use
Available equipment, space capital
Drains and waste disposal method

Cleaning Methods:

Immersion
Spray
Electrolytic
Ultrasonic
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Mechanica Action:

Turbulence/agitation

Abrasives

Deformation

Ultrasonic Cleaning

Heat

Electrocleaning (direct current hydrogen scrubbing at the cathode)

Steps In Equipment Salection Process

0N A WDNPE

Cleaning Process Objective

Pat Andyss

Soil Andyss

Part Orientation/Materid Handling
Production VVolume Requirements

Plant Layout / Floor Space Requirements
Wastewater Management

Equipment Sdlection

Aqgueous Cleaning

Advantages

Provides water break-free surface free of samut or particulate soils
Operating costs are often lower

Worker exposure to toxic vaporsis eiminated / reduced

Worker and community RTK reporting is diminated

Spent cleaners do not present long-term lighility

Y our Decision to Switch to Aqueous Cleaning Will Mean:

Cleaner parts
Less expensive cleaning
Environmentaly safer cleaners

Benefits Resulting from New Agueous Cleaning System
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Annua chemica purchases are reduced

Aqueous system is utilized by fewer operators.

Due to extensve filtration and oil remova, waste disposd cost dropped Since agueous
chemigtry is easly handled in waste trestment system.

System is personnd and environmentally friendly.

Cod savings

High emission leves of chlorinated solvents are no longer a concern.

Better cleaning results due to the new system's ability to remove al of the different processing
fluids found on the part.

Reduction in waste disposal

Elimination of some wash procedures.

10.4. EXAMPLES OF WASTE REDUCTION

The following section gives saverd examples of waste dimination and reduction in a few
different manufacturing plants.

10.4.1. Opportunity Examplein Transmisson Repair Plant

1. Products produced in plant:
Heavy vehicle rebuilt transmissions and assorted replacement parts

2. Selected waste producing process:
Metalworking and machining of component parts

3. Wade streams:
Meta scrap
Contaminated or off spec-coolant
Weaste il skimmed from coolant and stored in oil collection tank until off-ste shipment

Evaporative losses of water

4. Waste stream (s) selected for reduction:
Contaminated or off-spec coolant

5. Wadte AR identification, evauation and selection:
Replace metd working equipment with units that do not utilize a liquid coolant (specid

applications only, lengthy payback).
Add chemicasto coolant to extend life (limited effectiveness as a sole measure).
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Purchase and utilize arecycling system to extend the life of coolant and reuse the coolant on-Site
(selected for recommendation).

6. Outlineof AR andyss
Reduction in waste amounts;

(% reduction on amount of coolant concentrate needed/yr)(Amount of coolant concentrate
purchased/yr) = Raw materid reduction/yr

Cost savings associated with waste reduction:
(Raw materid reduction/yr)(Unit cost of coolant concentrate) = Raw materid cost savingsyr
Pant waste adminigtration cost reduction: negligible

Additiond condderations:
(Extra hours/week labor)(Labor costs) = Additional labor costs
Additiona codts for needed chemical additives

7. Sources of needed data:

% reduction in amount of coolant needed/yr (estimated by assessment team)
Amount of coolant purchased/yr (from purchasing records)

Unit cost of coolant (from purchasing records)

Extra hours/week labor (estimated by assessment team)

Labor cogts (estimated by plant manager)

Additiond costs for needed chemica additives (estimated by assessment team)

8. Cdculaions

Reduction in waste amounts.
(75%0)(2,200 ga/yr) = 1,650 gal/yr or 18,480 |bslyr

Cod savings associated with waste reduction:
(1,650 gal/yr)($7.10/gd for coolant concentrate) = $11,715/yr cost savings

Additiona cods associated with implementation:
(5 hrs'wk)(52 wkglyr)($15/hr) = $3,900/yr additional labor costs
$2000/yr chemica additive cost

9. Implementation congderation:

Net cost savings for thismeasureis.
($11,715 - $3,900 - $2,000)/yr = $5,815/yr
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Implementation requires purchase of a metad working coolant recycling system (estimated cost:
$20,000)

It is suggested that a hand-held refractometer be purchased to monitor proper coolant
concentrate and water ratio to increase coolant life (estimated cost: $200)

Plant advised to contact coolant supplier for vendor recommendetions

10.4.2. Waste Minimization for Electroplates

All dectroplating facilities have one thing in common: the generation of hazardous wadte.
However, the most important wastestream is wastewater. The source of this wastestream is carry-over
of plating chemicals by the workpiece, from plating bath to rinse. The basic way to reduce this
wastestream is to reduce it at the source:;

- Minimize the amount of carry-over, often caled dragout;
- Reduce the amount of rinsewater used.

Suggestions for the reduction of dragout and rinsewater are summarized here. Implementation of these
suggestionswill:

- Help meet requirements for discharge of treated wastewater to the local POTW,
- Save money;
- Not compromise product quality.

Dragout Reduction

Reducing dragout will keep expensive plating chemicads in the tanks where they belong. Every
percentage reduction of dragout will result in a corresponding reduction in water trestment costs.
Minimizing drag-out produces savings both in raw materids and in disposa codts. In addition, less
rinsewater is needed.

The following techniques significantly reduce drag-out:

1) Withdraw workpieces at dower rates, the faster an item is removed from the process bath, the
thicker the film on the workpiece and the greater the drag-out volume will be. Sower withdrawd is
the most important way to minimize drag-out. When workpieces are removed manudly, try to
incorporate dow withdrawd into process operation ingructions. If your plant operates automated
lines, adjust the hoist to remove workpiece racks at the dowest possible rate.

2) Improve drainage:
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Increase drainage time: 10 seconds drain will dlow 90% of the drag-out to drain back into the
tank. Ingal drip-bars or rails above the process tanks to ensure adequate drainage time is
provided;

Use drainage boards between process and rinse tanks to route drippage back to process tanks;

Pogition workpieces S0 that dripping is maximized:

Objects should be tilted;

Position parts so that they extend more in area than in-depth, to reduce film thickness;

Turn or twigt the parts so thet fluid flows off the part by the quickest route.

3) Lower the bath concentration; for example an acid copper plating bath can be operated in the range
of 27 to 32 oz/gal of copper sulfate. By using 28 instead of 32 oz/gdl, a 12.5% reduction of drag-
out can be achieved.

§ Example 1
Congder a small job-shop, which plates a variety of parts manualy (315 racks per
8 hour day). Nickd is the mgor metal plated. The amount of drag-out was 4
gdlons of plating solution per day. By implementing above mentioned drag-out
reduction techniques, they managed to reduce the drag-out with 509%, to 2 gdlonsa
day.
Savings Evaudtion:
- Cost of ingdlation of drip - $1,000
Savingsin raw materid (plating solution) 500 gdl.
(2 ga/day x 250 working days)
Pay-back period: 5 weeks
Annud savingsin raw materid costs: + $8,750

($17.5 gdlon x 500 gd)
NOTE: Additiona savingsin water trestment costs can be added to this amount.

Rinsng Effidency

Efficient rinang uses the least water possble to produce the desired leve of cleanliness.
Reducing the volume of rinsewater will lower the cods of water, energy, trestment and disposal.
Severd efficient methods exist which adequately rinse the workpiece.

1) Counter-current rinsng; for example, in a three tank system, the workpiece enters the firdt rinse
tank which has the most contaminated rinsewater. It is then moved to the second tank, and then to the
last where it contacts fresh rinsewater. So the rinse water flow moves in an opposite direction to the
workpiece flow.

§ Example 2
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If the dragout is 1 gallon/hour, concentration of chrome 16 oz/gd; dilution to 0.002
oz/gd would require adilution ratio of 8000:1.

Onerinse needs 8000 gdlon/hour
Two rinses need 90 gdlon/hour (90 x 90 = 8100)
Three rinses need 20 gdlon/hour (20 x 20 x 20 =8000).

What would the savings of the indtdlation of a third tank be in the case of this example? Rinse
water savings are 70 gallons per hour, 1.17 gdlon per minute. Water and sewer charges are
$18/1000 galon. Assume the plater has a precipitation system, which costs annualy about
$2,000 per gdlon of flow per minute (Pollution Prevention Tips North Carolina, 1989).

Savings Evaudtion:
- Cogsingdling thirdtank - $2,500
Savings sewer charges.
70 galon x 8 hour x 250 daysx $18/1000 gdlor/ hour:  + $2,520

Saving wastewater treatment:

$1.17 x $2,000 = +$2,340
Pay-back period: 6 months
Annud savings $4,860

2) Reuse rinsawater within your plating facility. Take advantage of the nature of the contaminated
rinse water to reduce water usage and increase rinang efficiency.

§ Example 3
Reuse the rinsewater of an acid dip rinse tank to neutrdize the rinsawater in an
akaine clean rinsetank. Ringing efficiency is enhanced because of better remova of
the soapy film on part surfaces. This will reduce water consumption for this basc
cleaning process by one-half.
Savings Evaudtion:

If water consumption is reduced from 90 gdlon per hour to 45 gallon per hour by reusng
rinsewater, the savings will be:

Rinsewater savings.

45 gdlon/ hr x 8 hr x 250 days x $18/1000 gdlon $1,620
Wastewater trestment savings:

45/60 galon per minute x $2,000 $1,500
Annud savings: $3,120

Further Information
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Reduction of drag-out and rinsewater are important first steps to minimize waste production and
save money a the same time. There are many possibilities to reduce the production of waste in an
economicaly feasble manner.

10.4.3. Waste Minimization for Paint Finishers

Pant finishers generate a variety of hazardous wagtes in their operations. The most important
wastestreams are:

Paint dudge (filters, booths)

VOC's from paints and degreasers

This example focuses on paint dudge.

The source of paint dudge is the fallure of dl of the paint to deposit on the object, ather by
spraying above or around the object or by bouncing off, usudly cdled overspray. Overspray can be
ggnificantly reduced at the source by

Operator training

Equipment sdection

Suggestions for reduction of the amount of overspray are summarized here.  Implementation of
these suggestions will save you money, in

- Disposal codts

- Raw materid costs

- Cogs of future ligbilities.

Operator Training

Since many spray systems are manualy operated, the equipment operator has a mgor impact
on the amount of waste produced. Proper spraying has adso advantages for the operators in that it
requires lesswork and produces a higher qudity finish.

§ Example 4
A company that manufactures TV cabinets started an operator training program.
Before the training, it required 55 strokes to spray each cabinet. After the training
program, the number of strokes was reduced to 32. With spraying of 400 cabinets a
day, thisresulted in savings of 8,800 strokes per operator.

The following aspects of proper spray technique are important for high qudity and low waste:
Gun Speed: must be constant and not too high, generdly 20 feet per minute is adequate.

50% Overlap: More than 50% will result in wasted strokes, less than 50% will result in streeks.
Aiming the gun &t the bottom of the previous pattern will give 50% overlap.

Gun Digtance: congtant and in arange of 6 to 8 inches, depending on operator.

340 Modern Industrial Assessments



INDUSTRIAL WASTE: EXAMPLES OF WASTE REDUCTION

Arcing: perpendicular to the surface at dl times.
Triggering: difficult, but important to get high quality and to prevent paint waste.

§ Example 5
When a two et by three feet surface is not triggered, it is conceivable that the
operator might carry over as much as six inches beyond the edges. He will spray an
areathree feet by four feet, which resultsin awaste of 6 square feet paint.
Equipment Sdlection

The transfer efficiency, the amount of coating which is gpplied to the object divided by the
amount of coating sprayed from the gun, varies between different guns. Calculated data show that the
High Volume Low Pressure (HVLP) spray is mogt efficient.  The higher the efficiency, the lower the
amount of waste produced.

§ Example 6

A paint finisher changes from air asssted arless to HVLP sprays and increases
trander efficiency from 45% to 75%. To maintain the same qudity, the same
amount of coating solids is applied, suppose 1,280 gdlons a year. Assume a
percentage solids of 32%, the finisher applies 1,280/0.32 = 4,000 gdlons a year.
As the trandfer efficiency is not 100%, the painter needs more than 4,000 galons.
4,000/(trandfer efficiency) galorns of coating a year. So by increasing the transfer
efficiency to 75%, he saves 3,556 gallons of coating ayear. This results, assuming
costs of coating $25 agdlon, in annua savings of $88,900.

Cdculations of savingsin raw materid cods

Trander efficiency 45% 75%

Coating solids applied (gd/yr) 1,280 1,280

Coating applied (gd/yr) 4,000 4,000
(32% solids)

Coating usage (gd/yr) 8,889 5,333
4,000/(tranfer efficiency)

Costs coating ($)

($25/gdlon) $222,225 $133,325

Savingsin raw maerid cogts. $88,900

Also, higher trandfer efficiency results in savings in digposal costs. By using the HVLP
spray, the amount of coating solids oversprayed decreases from 1,565 to 427 gallons a year.
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As the solid waste not only congsts of coating solids, but also of filters, booths or water (in
case of a water curtain-booth), the oversprayed solids is multiplied by five (5) to get a more
redigtic figure of the total amount of solid waste generated. It follows from the calculations, thet
disposa costs can be decreased by $14,420.

Cdculations of savingsin disposad codts:

Trandfer efficiency 45% 75%

Coating solids gpplied (ga/yr) 1,280 1,280

Coating solids used (gd/yr) 2,845 1,707

(0.32 x coating used)

Coating solids oversprayed (gal/yr) 1,565 427

Solid waste generated (gal/yr) 7,825 2,135

(5 x solids oversprayed)

Costs disposa (%)

($140/55-gdlon drum) $19,880 $5,640
Savingsin disposal costs $14,420

Increase of transfer efficiency from 45% to 75% resultsin TOTAL SAVINGS of $103,320.

Further Information

Operator training and transfer efficiency improvement are important ways to
minimize paint waste and save money a the sametime. There are many possihilities to reduce waste in
an economicaly feasble manner. Think about, for instance, the use of |ess hazardous paints
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APPENDI X A

Waste Reduction Sources of | nformation

U. S. EPA officestha can provide pollution prevention information include:

U.S. EPA Solid Wagte Office
Waste Management Divison
401 M Street SW
Washington, D.C. 20460
(703) 308-8402

U.S. EPA Office of Pollution Prevention and Toxics
401 M Street SW

Washington, D.C. 20460

(202) 260-3810

U.S. EPA Office of Air and Radiation
Mail Drop 6101

401 M Street SW

Washington, D.C. 20460
Phone:(202) 260-7400

Fax:(202) 260-5155

U.S. EPA Office of Water
401 M Street SW
Washington, D.C. 20460
(202) 260-5700

U.S. EPA Office of Research & Development
Center for Environmentd Research Information
26 Martin Luther King Drive

Cincinnati, OH 45268

(513) 569- 7562

U.S. EPA Risk Reduction Engineering Laboratory
26 Martin Luther King Drive

Cincinnati, OH 45268

(513) 569-7931

U.S. EPA Office of Solid Waste and Emergency Response
[For questions regarding RCRA and Superfund (CERCLA), call (800) 424-9346 or
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(703) 920-9810. To reach the Andytica Hotline, call (703) 821-4789]]

U.S. EPA Regiond Offices

Region 1 (VT,NH,ME,MA,CT,RI)
One Congress Street

John F. Kennedy Building

Boston, MA 02203-0001
Phone:(617) 565-3420

Fax:(617) 565-3660

Toll Free (800) 372-7341

Region 2 (NY, NJ, PR, VI)
290 Broadway - 26th FHoor
New York, NY 10007-1866
Phone:(212) 637-5000
Fax:(212) 637-3526

Region 3 (PA,DE,MD,WV,VA,DC)
1650 Arch Street (3PM52)
Philadelphia, PA 19103
Phone:(215) 814-5254

Fax:(215) 814-5253

Region 4 (KY, TN, NC, SC, GA, FL, AL, MS)
100 Alabama Street, SW

Atlata, GA 30303

Phone: (404) 562-9900

Fax:(404) 562-8174

Toll Free:(800) 421-1754

Region 5 (WI, MN, MlI, IL, IN, OH)
77 West Jackson Blvd.

Chicago, IL 60604-3507
Phone:(312) 353-2000

Fax:(312) 353-4135

Toll Free(800) 621-8431

Region 6 (NM, OK, AR, LA, TX)
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1445 Ross Avenue Suite 1200
Fountain Place 12th Foor
Dalas, TX 75202-2733
Phone:(214) 655-6444
Fax:(214) 665-7113

Toll Free(800) 887-6063

Region 7 (NE, KS, MO, 1A)
726 Minnesota Ave.

Kansas City, KS 66101
Phone:(913) 551-7003

Toll Free(800) 223-0425

Region 8 (MT, ND, SD, WY, UT, CO)
999 18th Street, Suite 500

Denver, CO 80202-2466

Phone:(303) 312-6312

Toll Free(800) 227-8917

Montana Operations Office
U.S. EPA Federd Building
301 South Park Drawer 10096
Helena, MT 59626-0096
U.SA.

Phone:(406) 441-1123

Region 9 (CA, NV, AZ, HI, GU)
75 Hawthorne Street

San Francisco, CA 94105
Phone:(415) 744-1305

Toll Free:(800) 231-3075

Region 10 (AK, WA, OR, ID)
1200 6th Avenue

Sesdttle, WA 98101
Phone:(206) 553-1200

Toll Free:(800) 424-4372
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State L evel:

Thefadllowing lists agencies at the date or territory level aswell as universities and other
organizations that can provide assistance in the areas of pollution prevention and trestment:

Alabama

346

Department of Environmental Management
1751 Congressman W.L. Dickenson Drive
Montgomery, AL 36109-2608
Information:(334) 271-7700

Mailing Address: P.O. Box 301463
Montgomery, AL 36130-1463

Additiond Department of Environmenta Management Fidd Officesin Alabama

110 Vulcan Road
Birmingham, AL 35209-4702
Phone:(205) 942-6168
Fax:(205) 941-1603

2204 Perimeter Road
Mobile, AL 36615-1131
Phone:(334) 450-3400
Fax:(334) 479-2593

2708 6th Avenue, SE
Suite B

Decatur, AL 35603
Phone:(205) 353-1713
Fax:(205) 340-9359

Environmentd Indtitute for Waste Management Studies
Univergty of Alabama

College of Engineering

203 Bevill Building

Tuscaloosa, AL 35487-0207

Phone:(205) 348-8401

FAX:(205) 348-9659

Email: senigec@coe.eng.ua.edu

Hazardous Material Management and Resource Recovery Program (HAMMAR)

Universty of Alabama
Tuscaloosa, AL 35487-0203
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(205) 348-8401
FAX 348-9659

Retired Engineers Waste Reduction Program
P.O. Box 1010

Muscle Shoals, AL 35660

(205) 386-2807

Alaska

Alaska Hedlth Project

Waste Reduction Assistance Program
1818 West Northern Lights, Suite 103
Anchorage, AK 99517

(907) 276-2864

Alaska Department of Environmental Conservetion
Pollution Prevention Program

P.O.Box O

Juneau, AK 9981-1800

(907) 465-2671

Alaska Department of Environmental Conservetion
410 Willoughby Avenue

Suite 105

Juneau, AK 99801-1795

Phone:(907) 465-5260

FAX:(907) 465-5274

Arizona

Arizona Department of Economic Planning and Devel opment
1645 West Jefferson S.

Phoenix, AZ 85007

(602) 255-5705

Arizona Department of Environmenta Quadity
Office of Waste and Water Qudity Management
2005 N. Central Ave., Room 304

Phoenix, AZ 85004

(602) 257-2380
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Arkansas

Arkansas Industrid Development Commisson

One State Capitol Mdll

Little Rock, AR 72201

(501) 682-1121

Arkansas Department of Pollution Control and Ecology
Hazardous Wagte Divison - P.O. Box 8913

Little Rock, AR 72219-8913

(501) 570-2861

Cadlifornia

348

Cdifornia Environmenta Protection Agency
400 P Street

Room 4310

Sacramento, CA 95814

Phone:(916) 324-9924

FAX:(916) 324-1788

Bay Area Hazardous Waste Reduction Committee (BAHWRC)
City of Berkeley Environmenta Hedlth

2180 Milvia, Room 309

Berkeley, CA 94708

(415) 644-6510

State of Cdifornia-EPA

Department of Toxic Substances Control (DTSC)
400 P Street

P.O. Box 806

Sacramento, CA 95812-0806

Phone:(916) 322-0504

Cdifornia Conference of Directors of Environmenta Hedlth
Ventura County Environmental Hedlth

800 S. Victoria

Ventura, CA 93009

(805) 654-5039

Cdifornia Environmenta Bus ness Resources Assstance Center
100 South Anaheim Boulevard
Suite 125
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Anaheim, CA 92805
(714) 563-0135
(800) 352-5225

Centrd Valey Hazardous Waste Management Committee
Environmental Management Divison

8475 Jackson Road, Suite 230

Sacramento, CA 95826

(916) 386-6160

Loca Government Commission
909 12th Street

#205

Sacramento, CA 95814

(916) 448-1198

Pollution Prevention Program

San Diego County Department of Hedlth Services
P.O. Box 85261

San Diego, CA 92186-5261

(619) 338-2205, -2215

Colorado

Colorado Office of Environment

Colorado Department of Public Hedth and Environment
4300 Cherry Creek Drive South

Denver, CO 80220-3716

Phone: (303) 692-3004

FAX:(303)782-4969

Pollution Prevention Waste Reduction Program
Colorado Department of Hedlth

4210 E. 11th Ave.

Denver, CO 80220

Connecticut

Connecticut Department of Environmental Protection
Bureau of Environmental Services

79 EIm Street

Hartford, CT 06106

Phone:(203) 424-3579
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FAX:(203) 566-7232

Bureau of Waste Management

Connecticut Department of Environmenta Protection
18-20 Trinity Street

Hartford, CT 06101

(203) 566-8476

Connecticut Technical Assistance Program
900 Asylum Avenue, Suite 360

Hartford, CT 06105

(203) 241-077

Ddaware

Delaware Department of Natural Resources and Environmental Control

89 Kings Highway
Dover, DE 19901
Phone:(302) 323-4542
FAX:(302) 739 6242

Pollution Prevention Program in Dept. of Natura Resources & Environmenta Control

89 Kings Highway
P.O. Box 1401
Dover, DE 19903
(302) 739-3822

Digrict of Columbia

Office of Recyding

D.C. Department of Public Works
2000 14th Street, NW, 8th Floor
Washington, D.C. 20009

(202) 939-7166

U.S. Department of Energy
Conservation and Renewable Energy
Office of Industria Technologies
Office of Waste Reduction

Wadter Materid Management Divison
Bruce Cranford CE-222

Washington, D.C. 20585
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(2020) 586-9496
Florida

Florida Department of Environmenta Protection
Douglas Building

3900 Commonwesdlth Blvd.

Tallahassee, FL 32399-3000

Phone:(904) 488-7454

FAX:(904) 488-7093

Hazardous Waste Reduction Management
Waste Reduction Ass stance Program
Florida Dept. of Environmental Regulation
2600 Blair Stone Road

Tallahassee, FL 32399-2400

(904) 488-0300

Environmental Quality Corporation
259 Timberlane Road

Talahassee, FL 32312-1542
(904) 386-7740

Waste Reduction Assistance Program
Florida Dept. of Environmental Regulation
2600 Blair Stone Road

Talahassee, FL 32399-2400

(904) 488-0300

Georgia

Hazardous Waste Technical Assistance Program
Georgia Inditute of Technology

GTRI/ESTL

151 6th Street

O'Keefe Building, Room 143

Atlanta, GA 30332

(404) 894-3806

Environmentd Protection Divison

Georgia Department of Natura Resources
205 Butler Street S.E.Suite 1152
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Atlanta, GA 30334
Phone:(404) 656-4713
FAX:(404)651-5778

Guam

Solid and Hazardous Waste Management Program
Guam EPA

IT&E Harmon Plaza Complex, Unit D-107

130 Rojas Street

Harmon, GU 96911

(671) 646-8863-5

Hawalii

Department of Planning and Economic Development
Financiad Management and Assistance Branch

P.O. Box 2359

Honolulu, HI 96813

(808) 548-4617

Hawaii Department of Hedlth

Solid and Hazardous Waste Branch
Waste Minimization

5 Waterfront Plaza, Suite 250

500 AlaMoanaBlvd.

Honolulu, HI 96813

(808) 586-4226

Idaho

Divison of Environmentd Quadity
Department of Hedlth and Welfare
1410 North Hilton St.

Statehouse Mail

Boise, ID 83720-9000
Phone:(208) 373-5879
FAX:(208) 373-0576

[llinois
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lllinois Department of Natural Resources
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325 West Adams, Room 300
Springfield, IL 62704-1894
Phone:(217) 785-0138
FAX:(217) 785-8575

Hazardous Waste Research and Information Center
[llinois Department of Energy & Natural Resources
One E. Hazelwood Drive

Champaign, IL 61820

(217) 333-8940

Industrid Waste Elimination Research Center
Pritzker Department of Environmental Engineering
[llinois Indtitute of Technology

3201 South Dearborn

Room 103 Alumni Memorid Hal

Chicago, IL 60616

(312) 567-3535

lllinois Environmental Protection Agency
Office of Pollution Prevention

2200 Churchill Road

P.O. Box 19276

Springfield, IL 62794-9276
Phone:(217) 785-5735

FAX:(217) 782-9039

Indiana

Environmental Management & Education Program
School Civil Engineering

Purdue University

2129 Civil Engineering Building

West Lafayette, IN 47907-1284
(317)-494-5036

Indiana Department of Environmental management
100 North Senate, IGNC 1303

Indianapolis, IN 46206

Phone:(317) 233-3043

FAX:(317) 232-8564
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Indiana Department of Environmental Management

Office of Technicd Assstance
P.O. Box 6015105

South Meridian Street
Indianapolis, IN 46206-6015
(317) 232-8172

lowa

lowa Department of Natural Resources
Wallace State Office Building

900 East Grand Avenue

DesMoaines, |A 50319-0034
Phone:(515) 281-6284

Fax:(515) 281-8895

lowa Department of Natural Resources
Energy Divison

Wallace State Office Bldg.

900 East Grand Avenue

DesMaines, |A 50319

Phone:(515) 281-8518

FAX:(515) 281-6794

lowa Waste Reduction Center
75BRC

Univergty of Northern lowa
Cedar Fdlls, |A 50614

(800) 422-3109

(319) 273-2079

lowa Waste Reduction Center
Universty of Northern lowa
75 Biology Research Complex
Cedar Fdls, |A 50614

(319) 273-2079

Kansas
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Divison on Environment

Department of Hedlth and Environment
Forbes Fidd, Building 740

Topeka, KS 66620
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Phone:(913) 296-1535
FAX:(913) 296-8464

Engineering Extension Program
Ward Hall 133

Kansas State University
Manhattan, KS 66506

(913) 532-6026

Kentucky

Kentucky Natura Resources and Environmental Protection Cabinet
Capitd Plaza Tower, 5th Hoor

500 Mero Street

Frankfort, KY 40601

Phone:(502) 564-3350

FAX:(502) 564-3354

Waste Minimization Assessment Center
Department of Chemica Engineering
Univergty of Louisville

Louisville, KY 40292

(502) 588-6357

Kentucky Partners
Room 312

Erng Hall

Universty of Louisville
Louisville, KY 40292
(502) 588 7260

Louisana

Louisgana Department of Environmenta Qudity
PO Box 82263

Baton Rouge, LA 70884-2263

Phone:(504) 765-0741

FAX:(504) 765-0746

Department of Environmenta Quadity
Office of Solid and Hazardous Wagte
P.O. Box 82178

Baton Rouge, LA 70884-2178

Modern Industrial Assessments 355



APPENDIX A:Waste Reduction Sour ces of | nformation

(504) 765-0355

Alternate Technologies Research and Devel opment
Office of the Secretary

Louigana Department of Environmenta Qudity
P.O. Box 44066

Baton Rouge, LA 70804

(504) 342-1254

Maine

Office of Pollution Prevention
Department of Environmental Protection
State House Station 17

Augusta, ME 04333

Phone:(207) 289-2811

Office of Waste Reduction and Recycling
Maine Waste Management Agency

State House Station 154

Augudta, ME 04333

(207) 289-5300

Maryland
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Hazardous and Solid Waste Management Administration
Maryland Department of the Environment

2500 Broening Highway - Bldg. 40

Bdtimore, MD 21224

(301) 631-3315

Maryland Environment Service
2020 Industrid Drive
Anngpalis, MD 21401

(301) 454-1941

Technicd Extension Service
Engineering Research Center
University of Maryland
College Park, MD 20742
(301) 454 1941
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M assachusetts

Executive Office of Environmenta Affairg/Office of Technicd Assstance
100 Cambridge Street, Room 1904

Boston, MA 02202

(617) 727-3260

Source Reduction Program

Massachusetts Department of Environmenta Protection
1 Winter Street, 7th Floor

Boston, MA 02108

(617) 292-5870

Massachusetts Department of Environmenta Protection
75 Grove Street

Worcester, MA 01606

(508) 792-7650

Michigan

Resource Recovery Section
Department of Natural Resources
P.O. Box 30241

Lansing, MI 48909

(517) 373-0540

Office of Waste Reduction Services

Michigan Departments of Commerce and Natural Resources
P.O. Box 30004

Lansing, M1 48909

(517) 335-1178

Minnesota

Minnesota Pollution Control Agency
Solid and Hazardous Waste Divison
520 L afayette Road

St. Paul, MN 55155-4194
Phone:(612) 296-6300

Toll Free:(800) 657-3864

Additiona Offices for Minnesota Pollution Control Agency
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Brainerd Regional Office

MPCA North Central Regiona Office

1601 Minnesota Drive

Brainerd, MN 56401 (218) 828-2492

Detroit Lakes Regional Office
MPCA Northwest Regiona Office
714 Lake Avenue

Lake Avenue Plaza, Suite 220
Detroit Lakes, MN 56501
Phone:(218)847-1519

Duluth Regional Office

MPCA Northeast Regiona Office
Duluth Government Service Center
Room 704, 320 W. Second Street
Duluth, MN 55802

Phone:(218) 723-4660

Marshall Regional Office

MPCA Southwest Regiond Office
700 North Seventh Street
Marshall, MN 56258

Phone:(507) 537-7146

Fax:(507) 537-6001

Rochester Regiond Office
MPCA Southeast Regiond Office
18 Wood L ake Drive SE
Rochester, MN 55904
Phone:(507) 285-7343

Fax:(507) 280-5513

Minnesota Technical Assistance Program

1313 5th Street S.E., Suite 207
Minnespolis, MN 55414

(612) 627-4646

(800) 247-0015 (in Minnesota)

Minnesota Office of Waste Management

1350 Energy Lane
St. Paul, MN 55108
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(612) 649-5741

Wadte Reduction Indtitute for Training Application
Research, Inc. (WRITAR)

1313 5th Street, SEE.

Minneapolis, MN 55414

(612) 379-5995

Mississippi

Wadte Reduction & Minimization Program
Bureau of Pollution Control

Department of Environmenta Quality

P.O. Box 20305

Jackson, M S 39289-1305

Phone:(601) 961-5545

FAX:(601) 354-6612

Mississppi Technicd Assstance Program (MISSTAP) and Missssppi Solid Waste Reduction
Assistance Program (MSWRAP)

P.O. Drawer CN

Mississippi State, MS 39762

(601) 325-8454

Missouri

Missouri Environmenta Improvement and Energy Resource Authority
P.O. Box 744

325 Jefferson St.

Jefferson City, MO 65102

(314) 751-4919

Missouri Department of Natural Resources
Hazardous Waste Program

P.O. Box 176

Jefferson City, MO 65102 - 0176
Phone:(314) 751-3176

FAX:(314) 751-7869

Missouri Department of Natural Resources
Dividon of Energy

P.O. Box 176

Jefferson City, MO 65102 - 0176
Phone:(314) 751-4000
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Montana

Montana Environmental Quality Council
Room 106

State Capitol

Helena, MT 59620

Phone:(406) 444-3742

FAX:(406) 444-3036

Department of Hedlth and Environmenta Sciences
Room A-206

Cogswel Building

Helena, MT 59620

(406) 444-3454

Solid and Hazardous Waste Bureau

Department of Hedlth and Environmenta Sciences
Cogswel Building

Room B-201

Helena, MT 59620

(406) 444-2821

Nebraska

Groundwater Section

Nebraska Department of Environmental Quality
P.O. Box 98922

Statehouse Station

Lincoln, NE 68509-8922

Phone:(402) 471-0096

FAX:(402) 471-2909

Nevada
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Nevada Smdl Business Development Center - Technical Assistance Program

Business Environmental Program

College of Busness Administration, MS032
Universty of Nevada- Reno

Reno, NV 89557-0100

(702) 784-1717

(800) 882-3233
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Divison of Conservation and Natura Resources
333 West Nye Lane, Room 128

Capitol Complex

Carson City, NV 89710

Phone:(702) 687-4670

FAX:(702) 687-5856

State Energy Conservation Program
Office of Community Services
Nevada Energy Program

Capital Complex

44 W. King

Carson City, NV 89710

(702) 687-4990

New Hampshire

New Hampshire Department of Environmental Services
PO Box 95

6 Hazen Drive

Concord, NH 03302-0095

Phone:(603) 271-3503

FAX:(603) 271-2867

New Jer sey

New Jersey Hazardous Waste Facilities Siting Commission
Room 614

28 West State Street

Trenton, NJ 08608

(609) 292-1459

(609) 292-1026

Hazardous Waste Advisement Program

New Jersey Department of Environmental Protection & Energy
401 East State Street

Trenton, NJ 08625

(609) 777-0518

New Jersey Inditute of Technology

Hazardous Substance Management Research Center
Advanced Technology Center Building
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323 Martin Luther King Jr. Blvd.
University Heights

Newark, NJ 07102

(201) 596-5864

Environmentd Research and Hedlth Assessment
Divison of Science and Research

New Jersey Department of Environmenta Protection
CN 409

401 East State Street, Floor 7

Trenton, NJ 08625-0409

Phone:(609) 633-3834

New Mexico

Economic Development Department
Bataan Memorid Building

State Capitol Complex

Santa Fe, NM 87503

(505) 827-0380

Hazardous and Radiation Waste Bureau
Environmental Improvement Divison
1190 S. Francis Drive

Santa Fe, NM 87503

(505) 827-2926

State of New Mexico Environment Department
Groundwater Remediation Section

1190 Saint Frnacis Drive

0.0. Box 26110

Sana Fe, New Mexico 87502

Phone:(505) 827-2831

FAX:(505) 827-2965

New York
New Y ork Environmental Facilities Corporation
50 Wolf Road

Albany, NY 12205
(518) 457-4222
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Environmental Compliance Services
Erie County Office Building

95 Franklin Street

Buffalo, NY 14202

(716) 846-6716

North Carolina

Department of Environmental, Hedlth, and Natural Resources
Pollution Prevention Pays Program
Office of Waste Reduction

3825 Barrett Drive, 3rd Floor
Raeigh, NC 27609- 7221

(919) 733-7015 or (919) 571-4100
Waste Reduction Resource Center
3825 Barrett Drive, Suite 300

P.O. Box 27687

Raeigh, NC 27611-7687

(919) 571-4100

(800) 476-8686

North Dakota

Environmenta Headlth Section
State Department of Hedlth
1200 Missouri Ave.
Bismarck, ND 58502

(701) 258-2070

Divison of Waste Management
Department of Hedlth

1200 Missouri Ave., Room 302
Bismarck, ND 58502-5520
(701) 224-2366

Ohio
Divison of Solid and Infectious Waste
Attn.: Pollution Prevention Section

Ohio Environmenta Protection Agency
P.O. Box 1049
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1800 Watermark Dr.
Columbus, OH 43266-0149
(614) 644-2917

Ohio Technology Transfer Organization (OTTO)
Ohio Department of Development

77 South High Street, 26th Foor

Columbus, OH 43225-0330

(614) 644-4286

Ohio Department of Natural Resources
Fountain Square

Columbus, OH 43224-1387

(614) 265-6333

Ohio Environmenta Protection Agency

Divison of Solid and Hazardous Waste Management
Pollution Prevention Section

P.O. Box 1049

Columbus, OH 43216-1049

Phone:(614) 644-2917

Fax:(614) 728-1245

Oklahoma

Oklahoma State Department of Hedlth
Hazardous Waste Management Service
1000 N.E. 10th St.

Oklahoma City, OK 73117

(405) 271-5338

Hazardous Waste Management Service
Oklahoma State Department of Hedlth
1000 Northeast 10th Street

(405) 271-7047

Oregon
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Oregon Hazardous Waste Reduction Assistance Program

Department of Environmenta Quality
811 Southwest Sixth Avenue
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Portland, OR 97204-1390
(503) 229-5913 (6570)
(800) 452-4011 (in Oregon)

Pennsylvania

Pennsylvania Technica Assstance Program
248 Cader Way, Suite 306

Universty Park, PA 16801

(814) 865-0427

Center of Hazardous Material Research
Subsdiary of the Universty of Fittsburgh Trust
320 William Pitt Way

Rittsburgh, PA 15238

(412) 826-5320

(800) 334-2467

Divison of Waste Minimization and Planning
Department of Environmental Resources
P.O. Box 2064

Harrisburg, PA 17120

(717) 787-7382

Technicd Specidist
PENNTAP

112 S. Burrowes Street
Universty Park, PA 16801
(814) 865-1914

NETAC

University of Pittsburgh Applied Research Center
615 William Fitt Way

Pittsburgh, PA 15238

(412) 826-5511

Puerto Rico

Government of Puerto Rico
Economic Development Adminigtration
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Box 362350
San Juan, PR 00936
(809) 758-4747

Rhode Idand

Office of Environmentd Coordination

Rhode Idand Department of Environmental Management
83 Park Street

Providence, RI 02903

(401) 277-3434

(800) 253-2674 (in Rhode Idand)

South Caralina
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Center for Waste Minimization/ Hazardous Waste
Department of Heglth and Environmenta Control
2600 Bull Street

Columbia, SC 29201

(803) 734-5200

Hazardous Waste Management Research Fund
Indtitute for Public Affairs

4th Hoor, Ganbrell Hall

Universty of South Carolina

Columbia, SC 29208

(803) 777-8157

Clemson University

Continuing Engineering Education Program
P.O. Drawer 1607

Clemson, SC 29633

(803) 656-4450

Sumter Technical College

South Carolina Environmenta Training Center
506 N. Guignard Dr.

Sumter, SC 29150
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South Dakota

Dept. of Environmental and Natural Resources
523 East Capitol

Pierre, SD 57501-3181

(605) 773-3151

Divison of Environmental Regulations
Department of Water and Natural Resources
Joe Foss Building, Room 416

523 E. Capitd Ave.

Pierre, SD 57501

(605) 773-3153

Tennessee

Tennessee Vdley Authority

Mail Code Old City Hall Building 2f71b
Knoxville, TN 37901

(615) 632-3160

Tennessee Vdley Authority
Mail Code HV2S270C
Chattanooga, TN 37402
(615) 751-3731

Tennessee Vdley Authority
1195 Antioch Pike
Nashville, TN 37219
(615) 360-1680

Waste Reduction Assstance Program
Center for Industria Services
Univerdty of Tennessee

226 Cgpitol Blvd. Building

Suite 401

Nashville, TN 37219

(615) 242-2456
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Texas

RENEW

Texas Water Commission

P.O. Box 13087 Capitol Station
Audtin, TX 78711-7761

(512) 463-7761

Texas Technical Universty
P.O. Box 4679

Lubbock, TX 79409-3121
(806) 742-1413

Utah

Department of Chemica Enginesring
3290 MEB

Univergty of Utah

Salt Lake City, UT 84112

(801) 581-5763

Department of Environmenta Quality
288 North 1460 West

Sdt Lake City, UT 84114-4810
(801) 538-6121

Utah State University
UMC 14

Logan, UT 84322
(801) 750-3227

Panning and Program Devel opment

Bureau of Solid and Hazardous Waste Management

Utah Department of Hedlth
P.O. Box 16690

288 North 1460 West Street
Salt Lake City, UT 84116-0690
(801) 538-6170

Vermont
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APPENDIX B

THERMODYNAMIC ANALYSIS

Topics covered are selected materias from thermodynamics. Included are areas which are the
mogt likely to be less familiar to a generd auditor.

Psychrometrics

Psychrometricsis the sudy of moist air equilibrium thermodynamic processes. Why is it
important? People need to maintain an interna environment that is comfortable (temperature, humidity,
fresh air). Therefore, the HVAC system mugt regulate al three variables.

VARIABLE SUMMER WINTER

Temperature High Low
Humidity High Low
Air Flow Low Low

The brief summary covers.
1. Propertiesof red ar
2. Limitations due to saturation (Bailing Curve)
3. Ddfinitions of date varidble

- Humidity Ratio (Ib of moisturel/lb of dry air)
- Enthdpy (Btwlb of dry air)
- Specific Volume = 1/Density

The molecular weight of ar isgiven as.

Ib,,
Ib” mol

m = 28.9645

Thus, the gas congtant can be found for air, R, by dividing the universa gas congant by the molecular
weight.

_ 154532 _ 53.352 ft” Ib
28.9645 Ib,” R

m

R,
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Properties of Air

COMPONENT % BY VOLUME
N, 78.08
(O} 20.95
Ar 0.93

CO, 0.03
Ne 0.0018
He 0.0005

CH, 0.00015
H, 0.00005
SO, Smdl
Kr Svdl
Xe Smdl
O3 Smdl

Table12.1: Dry Air Composition

Water Vapor

By manipulating the idedl gas equation, a relationship between the ided gaslaw and the density for air
can be developed.

PV=mRTorr =m/V=P/RT

Looking at the new equation one can see that the dengity is inversdy proportiond to the to the gas
congant R. So using the information obtained for air in the previous section the dengity of ar to the
dengity of water vapor based on proportionality can be compared. From this, it can be concluded that
water vapor is much less dense than dry air.

1 1

>>1
53.352 85.778

r,
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Real Air (Moist Air)

Redigicdly, air is not completely dry; it contains some moisture.
a X% Water Vapor
a (1-x)% Dry Air

In order to determine the density of red air, one must consder the dengties of both dry ar and water
Vapor.

F=ratry

Then subgtitute the densities with the ided gas relation found in the previous section.

Pa F)W
r = +

RT RT

P-P, P,

= 4w

RT RT
P . R RO
R.T RaTgl R, o

=P o378t

R.T R.T

Amount of Water Vapor in a Moist Air Mixture

The amount of moisture in an air mixture is described by the humidity ratio, W. The humidity ratio can
be defined by:

W=( by, of moisture /V)/( Iby, of dry air /V)

Some manipulation and subdtitution yields an expression for the humidity retio.

m, 18015
w X,
woXeMs - m " _ 280645
X,m, X, 1- x,
0.622. 5 5
W = P —06220—" =0622"
PW - Pw Pa
1- W
P
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This expresson shows that the humidity ratio is proportiona to the ratio of water pressure to the air
pressure. The figure below shows how the humidity ratio varies with respect to temperature. As one can
see, the humidity ratio increases sgnificantly as temperature increases.

A
W
47
Wsat
Boiling
Curve
6] W
>
T
Energy Content

Enthdpy, h, isameasure of the energy content in the air. The enthapy of an air/moisture
mixture can be expressed as.

h=h+ Wh,
using
ha=0.24T
hw = g (at 32°F) + Cys (T - 32)

where

h, = latent heat of vaporization, Btu/lb
Cp,s= specific heat of water vapor = 0.444 Btu/lb-°F

398 Modern Industrial Assessments



APPENDIX B: THERMODYNAMIC ANALYSS

Subgtituting these in for the first equation resultsin:
h=1075.15 + 0.444(T - 32)

= 1061 + 0.444
\ h=0.24T + W(1061 + 0.444T)
where
Tisin°F
Wisinlbmw/Ib ma
Relative Humidity
féer,ig
X e Pg
f = =
Xys  1(T)
I:)W
P _P
f = P _ "w
Pus  Pus
P
where P, sisfound from the Bailing Curve
OEf £1

Givenf and T, to get W:

1. T® Py (from Boiling Curve)
2. Py =fPus

3. W =0.622 (P, /(P-P,))

Soecific Volume

Specific volume is defined as the volume per unit mass.

V, =

\'
m,

Once again uang the ided gaslaw
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y cRT_RT _ RT
P, P-P, Pa_ﬂg
e Pg

%:1+1.608\N

Since specific volumeis volume divided by mass, it can dso be defined asthe inverse of dengity (mass
divided by volume).

1
r=—
Va

§ Psychrometric Example

Gven: T1=90°F,f =0.90
Calculate the energy per pound of dry air to cool to 57°F, f = 1.

Method 1 (Anaytical)
- At State 1:

Xw1= 0.90 = Pw,l/PWS,l
(From Table 2 in Chapter 6 of ASHRAE Fundamentals)
Puws1= 0.6489 psi

P = (0.90)(0.6489) = 0.629 ps
W, = 0.622 x 0.629(14.7 - 0.629) = 0.02780 [Iby 0]
hw = (0.24)(90) + (0.02780)[ 1061 + (0.444)(90)] = 52.2

- State 3:
Pwas,S = I:)ws,57 deg F = 0.2302 pS|
h = (0.24)(57) + (0.009895)[ 1061 + (0.444)(57)] = 24.4 [Btu/Ib]

\ Dh=24.4-522=-27.8[Btulb of dry air]
Method 2 (Graphical)

1. Locatepointlat T 1=90°F, f =0.90;
Read hy » 52.5 Btu/llb
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2. Locatepoint 3at T3=57°F, f =1;
Read hs » 24 [Btu/Ib]

3. Cdculate Dh
Dh=24-525=-285
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Air Conditioning Processes

Air conditioning of ar is done to ensure either proper conditions for a specific process or make
more pleasant working environment for the people.

Heat Addition to Moist Air
A
W
1 2
O——— PO
>
T

n = S|

ha | : : ho
' ' W2
| |
T ]
: v :

1 2

402 Modern Industrial Assessments



APPENDIX B: THERMODYNAMIC ANALYSS

Consavation of mass

ma,l = ma,z
ma,lwl = ma,zwz ® W, =W,

Conservation of energy

G2 = ma,l(hz - hl)

§ Example

Given: T; = 35°F, f 1 = 100%, 20,000 cfrm,
Air to be hested to 100°F
Find: The heater Sze required.

o Stael
Specific volume = 1/Dengty

1

: [L+1.608W]

RT
V= —
p

P

- RaT(l-: ésoswl)
_ (14.7)144)

~ (53.35)(460 +35)(1+1.608W, )

Puws1=0.09998 ® from tables or chartsat 35°F

\ P =(0.09998)(1) = 0.09998

W, =0.622 x 0.09998 / (14.7 - 0.09998) = 0.004259
\  h1=(0.24)(35) + (0.004259)[ 1061 + (0.444)(35)]

hy = 12.985 Btu/lb
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o State?2

W2 = W]_ =0.4259

h = (0.24)(100) + (0.004259)[ 1061 + (0.444)(100)]
h, = 28.708 Btu/lb

Cdculate the mass flow rate of air:

min

, = (20,000 f60z2)r

(14.7)(144) [
(53.35)(495)[1 + (1.608)(0.004259)] =007l

r a,l

(20 OOOLXGO min (0 079612 ) 9553410

b Bt MMBt
o = Q95534 B8.708- 12. 985|—”9_ 150222
e %3]

b g hr

s 106 T
= 1.502° 10 :11.502 10 ~1878" 106@
h 0.8 hr

boiler
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Cooling of Moist Air

>
T
Ma,1 i ‘ i I’hnza,Z
ha I I W
s >
| L |
1 mv hw 2
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h, - hyisdl latent heat remova
h, - hy isdl sengble heat remova
h, - hy istota hest removal

§ Example

Determine the tons of refrigeration required to cool 10,000 cfm of air at 85°F dry bulb temperature, f =
0.50, to 50°F, f =1

A

w

From the chart

hy » 34.5 vi » 14.01
h, » 20.2 W » 0.013
W, » 0.0076

From tables, h, » = 18.11 Btu/lb,
or
hyv2=C, (T - 32) = 1 { Btu/[lb deg F(50 - 32 deg F)]} = 18 Btu/lb,

m, = (10,000 ft* /min) / (14.01 ft* /min) = 713.8 b dry ar per minute

g2 2=Ma[(he- )+ (Wi- W2)hy]
= [713.8 (Ib/min)] {[20.2 - 34.5 (Btu/Ib)] + (0.013 - 0.0076)(18)(Btu/lb)}
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=-10.138 Btw/min
That is, the hest removal rate is 10,138 Btu/min or 608,278 Btu/h.
1 ton of A/C = (1 ton of ice/day) x (day/24hr) x (144Btuw/lb) x (2,000 Ib/ton)
where the latent hest of fuson for iceis 144 Btu/lb.
1 ton of A/C = 12,000 Btu/h

_ 608,278Btu/ hr

= = 50.7tons
12,000Btu/ hrton

Heat L oss Calculations

Q = Qrrans + QineL

where
Q =totd heat loss
Qtrans = transmisson heat loss
Q|NF||_ = infiltration heet loss

Qrrans = UA(T; - To)
where
UA = heet loss coefficient
T, = indde air temperature
T, = outside air temperature

Qineil = Qsens + QuaTent
where

Qsens = sengible hesat loss
QLATENT = |atent heat loss

Qsens = VI Cy(Ti - To)
where
V =volume of ar entering building
r = air dendty
Cp = specific hest of ar

Quatent = Vr (W - W) hy
where
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W, =inddear humidity retio
W, = outsde ar humidity raio
hyg = latent hest of vapor at T,

Smple Equations for Standard Air
QSENS =0.018 ’ V (T, - To)

QLATENT =795" V (VVi - Wo)

Heat Gain Calculations

Q = Qrrans + Qren + Qint

where
Qren = fenedtration heat gain
QINT = interna hest gan

(QTRANS/A) =al;+ h(To - Ts) -edR
where
a = absorptance of surface for solar radiation, no units
|, = solar radiation incident on surface, Btu/hr ft?
h, = hest transfer coefficient, Btu/hr ft* °F
T, = outdoor air temperature, °F
Ts = surface ar temperature, °F
e = emittance of surface, no units
dR = difference between radiation incident on the surface and black body radiation at T,, Btw/hr ft2

(Qrrans / A) = hy(rsoL-ar - Ts)
Tsoar=To+ali/h, - edR/h,

408 Modern Industrial Assessments



| ndex

A

absorption refrigeration, 212
capacity, 214
direct fired two stage, 215
operating problems, 214
operation, 212
acid dew point, 124
alr compressor
air leaks, 179, 183
controls, 179, 191
intake, 178
low pressure blower, 180
power, 178
pressure, 179
screw, 191
waste heat, 180
ar conditioning, 233
air cleaners, 235
air washer, 234
coils, 233, 234
computation example, 240, 241, 246, 248,
249
enthapy switchover method, 246
outdoor temperature method, 246
controls, 233, 236
digtribution system, 237
economizer cycle, 243
energy conservation, 238
energy recovery through heat exchanger, 250
equipment maintenance, 250
fans, 233, 234
filters, 233
formulas, 238
humidifiers, 233, 236
minimization of conditioned air, 248
minimization of exhaust air, 247
minimization of mekeup air, 247
overcooling demination, 241
overheating dimination, 241
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reduction of hours of operation, 240
reheat dimination, 243
terminology, 251
AR, 307
analysis, 34, 307
caculation references, 29
electroplaters, 322
example, 306
identification, 18, 28
paint finishers, 325
trangmission repair, 320
writing, 28
assessment
client sdlection, 17
energy
andysis, 39
indugtrid
AR, 24
benefits, 20
data, 69
data collection, 33
economic incentives, 20
introductory meeting, 23
ligbilities, 20
plant tour, 24
plant vist, 33
plant vigt preparation, 69
preassessment information, 25
process flow diagram, 70
SIC, 17
tasks and data, 32
techniques and todls, 24
light meter, 106
major tasks, 23
methodology, 17
See assessment, 19
Structure, 23
types, 19
waste
client selection, 69

Index
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data, 26
objectives, 25
report content, 34
assessment recommendation
See AR, 24

balast, 109

bet, 102

boiler, 117, 131
blowdown, 122
combustion, 124

combustion air blowers, 136

combustion mixtures, 125
efficiency, 117, 127
blowdown, 123
feed water preheat, 122
natura gas, 120
tips, 118
firetube, 117
flue gas composition, 118
forced draft, 117
fud to air ratio, 127
hot water, 117
operation, 117

performance improvements, 127

return system
high pressure, 134

scde build-up, 121

steam, 117

steam leaks, 133

steam traps, 133

water tube, 117
boiler: naturd draft, 117
booster pump, 168
brainstorming, 26, 27
burner, 149

combustion efficiency, 149

excessair, 151

nozzle mix, 150

premix system, 150

410

Carnot cycle, 117
caling fan, 142
centrifugd pump

curve, 171
chiller, 201

absorption, 213
cleaning, 311
coefficients.convection heet transfer, 261
cogeneration, 154

cycles, 156

economics, 154

gasfired, 155, 159

high spot evauation, 158

oil fired, 159

savings estimate, 160
combustion

complete, 124

effidency, 126, 127

incomplete, 125, 126
combustion:air prehest, 138
cooling

indirect evaporative, 201
cooling coils

See air conditioning coils, 234
cooling system, 201
cooling tower, 202

atmospheric, 202

chilled water supply temperature adjustment,

208
condenser water temperature adjustment,
207

free cooling, 205, 206

hot gas defrost, 211

hyperbolic, 202, 204

induced draft, 203, 204

mechanica forced draft, 202, 204

performance, 207

variable speed fans, 209
cooling:direct evaporative, 201
cost

data sources, 30
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labor, 30
project, 65
software, 31
waste, 36
cod savings
methods, 65

See ds0 dectricity cost reduction, 75

costingalation, 30

degreasing, 311
demand, 58, 162

reduction, 83

See also load, 58
dedtratification, 144
destratification fan, 141
dragout, 308, 310, 322
drive

variable frequency, 136

E

economizer, 121, 138
efficency
fud to steam, 127
thermd, 127
eectric hill, 57, 85
components, 57
customer charge, 57
demand charge, 58
eectric motor, 90
efficiency, 92, 95
high efficiency, 93
load reduction, 100
low load efficiency, 90
mechanica drives, 99
rewound, 101
speed control, 95, 98
speed reduction, 99
torque, 100
two speed, 100
dectric rate, 57
eectricd motors
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Index

idling, 90
electrical power
components, 78
eectricity, 75
bill reading, 85
city tax, 87
cost reduction, 75, 106
bdlast replacement, 108
controllers, 107
lamp maintenance, 108
lamp reduction, 107
lamp relocation, 112
lamp replacement, 108, 113
lights, 106
lower usage, 76
reflectors retrofit, 111
demand charge, 88
demand shifting, 89
digtribution system, 76
energy charge, 87
gross hill, 86
industrid use, 77
load factor savings, 81
net bill, 87
reactive demand charge, 62
sdestax, 62
service charge, 86
electricity:cost reduction:transformers, 77
electronic ballast, 109
emission reduction
aqueous cleaning, 319
subditution, 318
energy
charge, 162
electric, 75
edimating methods
building smulation, 40
cooling, 40
hesting, 39
energy hill, 58
energy conservation savings calculation, 53
energy project
financid andyss, 51
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financing, 67
capital budget, 67
leasing, 68
leveraged purchase, 68
shared savings, 68
EPCRA, 20
equipment
ar conditioning, 233

F

fan
ducting, 144
efficiency, 175
volume control, 176
fan.area coverage, 142
fluorescent reflector, 111
fud all
adjustment charge, 65
rates, 64
types, 65
furnace, 149
covers, 153
efficiency, 152
pressure controls, 152

G

garment insulation values, 260
gas il
terminology, 62
gashill, 62
metering, 64
rate schedule, 62
gasrate, 62
gasturbine cycle, 158

H

heat, 117

heat exchanger
coil run around system, 274
hot oil recovery systlem, 275
plate, 274
rotary, 273

412

Sedled heat pipe, 274
tube, 139
heat flux generated by various activities, 259
heat pipe, 139
hest recovery system, 138
heat recovery systems, 137
hest transfer, 148
heat whesd, 140
heeting
comfort, 147
electric, 144
process, 148
radiant, 145
applications, 146
types, 145
heating coils
See air conditioning coils, 234
heeting systems, 140
humidification, 234
HVAC
ASHRAE STANDARD 90-1980, 257
design for human comfort, 255
dua duct arr handling system, 265
equipment sizing practices, 253
evaporétive cooling and air washer, 263
factors affecting comfort, 258
generd types of building hesting and cooling,
262
humidity control through cooling override,
263
hybrid control VAV system, 267
multizone air handling unit, 266
reduction of capacity by fan/pump
dowdown, 254
savings maximization, 255
single zone direct control, 264
Sorayed coil dehumidifier, 262
standard conditions for comfort, 262
HVAC systems, 253
HVLP paint gun, 71, 302

industrial assessment, 17, 68

Modern Industrial Assessments



instrumentation
energy, 42
products and suppliers, 43
waste, 42

insulation, 224
building, 228
cacium dlicate, 230
cold tanks, 227
cold water, 226
dock doors, 228
economic factors, 230
finish factors, 230
glassfiber, 230
hot tanks, 227
hot water, 225
injection mold barrels, 231
low cost, 229
minerd wool, 230
performance, 224
polyisocyanurate, 230
process equipment, 230
standards, 229
steam, 225
tanks, 226

insulation thickness, 224

L

lamp
fluorescent, 114
high energy discharge, 114
incandescent, 114
lighting, 102
standards, 103
technologies, 114
load, 58
refrigeration, 162
load factor, 60, 81
savings, 81
system andysis, 82

M
mechanica refrigeration, 216
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compression, 216

condensing pressure, 218

condensing temperature, 218

cost reduction, 217

efficient use, 218

evaporator pressure, 220

evaporator temperature, 220

heat recovery, 222

hot gas bypass, 223

multiple compressors, 221

optimization, 223
metalworking

coolant material flow, 310

process flow diagram, 309
motor

See also eectric motor, 80

synchronous, 80

variable frequency AC, 96
motor generator set, 102

P

paint gpplication
high transfer efficiency, 302
trandfer efficiency, 301
paint gun cleaning, 302
payback period, 66
waste, 66
peak demand, 162
phase change, 117
plant survey
techniques, 19
pollution prevention
regulation, 288
tools, 56
POTW, 303
power demand control, 88
power factor, 77, 86
correction, 80
improvements, 79, 81
psychrometry, 237
public utility regulatory and policies act:See
PURPA, 154

Index
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publicly owned treatment works.See POTW,

303
pump

affinity laws, 169

curve, 172

centrifugd, 169

energy usage, 174

power requirements, 173

throttling vave, 172
pumping system curve, 172
PURPA, 154

ratchet, 162
reactive power, 86
recuperator, 140
recycling, 295
refrigeration

See absorption or mechanical refrigeration,

212

sheddable load, 84

SIC, 17, 18, 313

solid state DC drives, 98

solvent, 303
boiling points, 317
evaporative rates, 317
hal ogenated, 317
loss reduction, 315
recycling, 314

didillation, 314

emulsfied organics recovery, 314

emulsion breaking, 314
on-ste, 315
solidsremovd, 314
threshhold vaue limits, 318
solvent recovery unit, 72
source reduction, 295
space heating, 141
standard indudtrid classification
See SIC, 17

414

steam turbine cycle, 159
dratification, 141, 144

T
temperature:flue gas, 139

thermoenergy storage systems, 161

e andysis, 162
electric load andyss, 162
high spot evauation, 162

U
utility system elements, 61

\Y,

variable speed drive, 95
ventilation, 267
baance ar flows, 270
design, 271
heat recovery, 273
shut off fans, 270
temperature reduction, 272
volume reduction, 271
losses, 268
ar-water mixture, 270
exhaust, 269
room air, 268
VOC, 299, 303, 325
voltage discount, 86

waste

agueous, 292

assembly, 285

computation example, 36

cutting fluid, 27

fagtening, 285

food processing, 279

generation, 289

glass processing, 285

hazardous, 286
generation, 289
generator, 288
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inks, 305
joining, 285
leather processing, 285
management, 289
mass balancing, 35
materiad handling, 304
metaworking, 279, 308
coolant, 308
coolant degradation, 311
coolant disposd, 311
coolant evaporation, 311
minimization
printing, 303
nor+hazardous, 18, 286
oils, 294
paint, 293
metalworking, 299
paint stripping, 302
painting, 299, 301

paper and pulp manufacturing, 284

plastic manufacturing, 284
printing, 280, 299
process description, 55
recommendation, 71
record keeping, 29, 289
reduction

coolant, 309
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paint, 300
painting, 302
screen printing, 305
solid, 18, 304
solvents, 291, 302, 305, 312
indudtries, 313
operations, 314
regulations, 312
goring materids, 304
surface cleaning, 282
surface coating, 281
surface preparation, 282
textile processing, 284
thinners, 302
treatment, 18
types, 286
wastewater, 304
wastewater trestment, 284

waste minimization

hierarchy, 295
savings calculation, 54

waste minimization opportunities

See AR, 18

waste reduction, 26, 289, 296
wastewater, 300

treatment, 18

Index
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